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Multiple Statistics Analysis of Salt Stress Evaluation
on Asparagus Varieties with Artificial Sea Water

XIE Qi-xin, YIN Yu-ling,ZHANG Yue-ping,ZHOU Jin-song, TANG Yong-ping,LUO Shao-chun,CHEN Guang-yu
(Institute of Vegetables and Flowers, Jiangxi Academy of Agricultural Sciences,Nanchang 330200)

Abstract:25% of artificial sea water was applied to stress total of 25 asparagus varieties at the germination and
seedling stage. The salt tolerance of asparagus varieties was evaluated comprehensively by means of multiple statis-
tics analysis based on the salt resistant index of 10 agronomic characters including trend of germination, germination
index, vigor index,radicle length,plant height,stem number,stem diameter,fresh mass of root,dry mass of root and
root volume. The result showed that 10 agronomic characters differentiated greatly in different varieties, and they
could be characterized into three main factors by factor analysis,namely seed vigor factor,root factor and growth fac-
tor with the accumulative contribution rate of 82.2% . Cluster analysis based on the score vectors of the factors
showed that the 25 varieties could be classified into four categories, including 6 of the best salt tolerant varieties 4 of
the stronger salt tolerant varieties,7 of the moderately salt sensitive varieties and 8 of the salt sensitive varieties.
Consequently,a comprehensive evaluation method of salt stress on asparagus varieties with artificial sea water was
established in this study,which could offer theory references for salt tolerance identification and breeding on aspara-
gus.
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Table 1 Origins of asparagus varieties

ST BTG U RS S A BB SIS A
AWFFELL 25 AN G AP o isCRE 0 L 2 A 4l
A ZPRIRIE AR, R 20088 it o i 05 i h i
ARSI PR -0 A 0 SR 2S00 A Xk i Ao i 56 1
FIVRAT , & 700 I £R A B8 IR R 0 8 5 L K
[TENCRLE LS/

1 HEE %

1.1 ##
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25 MR FRE SRR, P E Y SRR 9 A EAN R 16
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Number Variety Origin Number Variety Origin

1 X4 JK purple HEVLPY Jiangxi, China 14 Jersey knight FE America

2 X 701 JK701 *PEYLPE Jiangxi, China 15 Early California £ [H America

3 X111 JK111 I EVT Y Jiangxi, China 16 Patron 2£E America

4 TX -7 FEVLPY Jiangxi, China 17 Tallems fif 2% Holland

5 BT -5 HE VT Jiangxi, China 18 Fortems i1 2% Holland

6 58 2E Guanjun fpE 1L 45 Shandong, China |[19 Backlim faf 2% Holland

7 i Shuofeng *FE L4 Shandong, China |20 Thielim fif 2% Holland

8 AR 15 BJ9S -2 Fl TP EJL AT Beijing, China |21 Pacific purple BIPE 2% New Zealand

9 Wi 03411 F1 Zhefeng 03411 F1 = W T Zhejiang, China |{|22 Pacific challenger 1 Hivh 2% New Zealand

10 ucCl157 F[H America 23 Pacific endeavour BiVE 2% New Zealand

11 Atlas 2 E America 24 Mill &K Canada

12 Aplllo ZE America 25 16523 - B H A Japan

13 Purple passion [ America
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Table 2 The character indexes related to salt tolerance in different asparagus varieties
HE=)

]i’”_ir:lber Xl XZ X3 X4 XS Xﬁ X7 XS X9 X]()
1 96. 70 93.19 17. 14 46. 46 36. 17 63.54 67.22 56. 12 59. 68 60. 29
2 93.49 68. 49 14. 18 40. 47 30. 69 48. 41 60. 25 50. 55 48. 08 51.47
3 93. 68 89. 15 25.22 38.77 37.23 55.74 58.5 61.06 62.25 59. 14
4 97. 83 94. 58 19. 84 42.23 41.48 74.70 70. 42 69. 92 65. 08 66. 22
5 75.15 61.56 15. 64 29.55 26. 35 47.99 49.93 47.93 45.28 51.27
6 72. 68 81.16 10. 76 21.28 31.37 50.73 42.31 65. 48 69. 54 66. 81
7 90. 51 85.35 10. 28 38.27 24.7 56.23 65.58 63.75 60. 42 61.19
8 94. 80 88.22 17.77 36. 55 36.51 57.52 43.68 68. 71 71. 06 65. 64
9 90. 25 87.04 14. 63 43.19 34.56 53.24 54. 83 52. 14 54.01 56.22
10 85.26 75.50 10. 44 36.70 28. 1 56. 12 41.2 55.94 61.28 59. 84
11 79. 16 72.82 22.30 26. 64 24. 86 52.65 40. 41 54.48 57. 41 56. 07
12 76.78 80.73 25.44 24.92 36. 32 45.30 32.22 70. 63 63.07 62. 15
13 105. 15 99. 90 21.38 53.58 38.2 58.92 71.01 68. 37 66. 26 65. 67
14 61.75 75.31 18. 66 19.51 40. 33 53.12 29.8 49.76 48. 82 50.75
15 51.87 69. 03 16. 69 25.16 29. 45 53.21 44.9 53.26 51.29 53.37
16 45.81 56.61 7.22 15.54 38.57 55.42 29.74 58.90 58.67 57. 40
17 138.07 125.26 15.38 57.3 33.45 60. 45 76.28 67.53 64. 58 68. 15
18 87.18 79.70 9.47 34.32 28. 88 48.99 55.5 45. 54 49. 48 49. 50
19 80. 51 70. 28 7.15 22.70 32.05 42.45 31.36 60. 95 65. 82 61.99
20 82.43 71.91 11.72 27. 88 43. 63 51.07 48. 36 54. 81 57.58 56. 11
21 88. 62 84.93 13.13 37.26 37.93 60. 75 63. 08 62. 83 62.24 57.59
22 84.13 86. 35 8.22 30. 55 27.61 40. 64 35.24 54. 88 60. 50 58.45
23 91.17 83.42 13.97 44. 62 47. 86 59.52 68. 09 50. 85 48.29 53.19
24 86. 61 81.42 16. 95 33.91 48. 26 56. 62 42. 69 44.97 50. 15 50. 20
25 73.51 64. 65 12.59 25.32 39.37 50. 12 27. 86 47.30 45.76 47.96

X, ~ X 0 BIFIR RS R AFARE A AR ARG vk 2R ZEHL RS BT AR TR AR R BT R R, T )

X, -X|, indicate the salt resistant index of trend of germination,germination index, vigor index, radicle length, plant height, stem number, stem diameter,

fresh mass of root,dry mass of root and root volume respectively. The same as beblow
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Table 3 Correlation matrix of salt resistant index of 10 traits in asparagus varieties
X, X, X, X, X, X, X, Xq X, X,
X, 1
X, 0.858 " 1
X5 0. 205 0. 305 1
X, 0.892*" 0.796** 0.250 1
Xs 0. 057 0.119 0.209 0.107 1
X 0. 385 0.491" 0.311 0.548 " 0.413 " 1
X, 0.743 " 0.679 " 0.202 0.882*" 0.079 0.643 " 1
X 0. 349 0.526"" 0.274 0.243 -0.024 0.338 0.263 1
Xy 0.333 0.501 " 0. 088 0.174 —-0.084 0.232 0. 137 0.896 "~ 1
Xio 0.467 " 0.632*" 0. 141 0. 345 -0.097 0. 341 0.317 0.928 ** 0.940 " 1

M AFRIRTE 0.05, 0. 01 K I RO

* and ™" indicate significant correlation at 0. 05 and 0. 01 level , respectively
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Table 4 The factor loading matrix after varimax rotation

(42N HF 1 HT2 HBETF3
Character Factor 1 Factor 2 Factor 3
X, 0. 963 0.075 0.145
X, 0. 906 0. 058 0.173
X, 0. 903 0.237 0. 026
X, 0.789 0. 442 0.172
Xq 0. 099 0.968  —0.004
X, 0.152 0.945 0. 151
X, 0.280 0.945 0.016
X, -0.013  -0.140  0.835
X, 0. 490 0. 182 0.643
X 0.134 0. 157 0. 622
FHE(E Figen value 3.556 3.062 1. 602
)7 2 TT#R#E (% ) Proportion rate  35.559  30.619  16.024
B 25T (% )

35.559  66.178  82.202

Cumulative proportion rate

3 e

PR ZARLE B AR RO, BARIRIUM 253K
B BRI M T L =S A 2B AR/ N DR
RER G R R U IS RS A BT
ML SRR T P R ARV 2T R
FIUESE, Y. Uno S5 LI 54y o8 B TN 52 51 K
FA KI5 | R I S R BE T 32100 mmol/ L
NaCl, 4 HOA T hgi s . RS s " Lo pr
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Table 5 The factor scores after varimax rotation

Gt 5 HF 1 AT 2 AT 3 BTk HF1 AT 2 [H¥ 3
Number Factor 1 Factor 2 Factor 3 Number Factor 1 Factor 2 Factor 3
1 1.09 -0.006 0.52 14 -1.26 -0.86 1.07
2 0.67 —-1.28 -0.85 15 -0.88 -0.53 -0.06
3 0.28 0. 39 1.01 16 -1.97 0.29 0.26
4 0.72 1.10 1. 89 17 2.59 0.99 -0.46
5 -0.16 -1.29 -0.93 18 0. 60 -1.4 -1.33
6 -0.94 1. 60 -0.71 19 -1.03 0.94 -1.41
7 0.76 0.49 -1.31 20 -0.50 -0.28 0.42
8 -0.18 1.57 0.45 21 0.37 0.26 0.42
9 0. 69 -0.61 -0.25 22 -0.19 0.24 -1.93
10 0.01 0.25 -0.93 23 0. 86 -1.36 1.24
11 -0.51 0.02 -0.30 24 -0.10 -1.38 1.49
12 -1.28 1.34 0.73 25 -0.89 -1.41 0.23
13 1.23 1.0 0.73
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Fig. 1 Clustering of the cultivars after varimax rotation

T NaCl Fl Na, CO; X /= 5545 i (4 38 2800, I\ A 7
SR S 3 B VR ) T e R X R R HR BT
RE T BRI 210 K B0 22 B 5 R RE T 0. 3% 5%
TR B Y NaCl e, A SRR 7E 0. 5% SRk T
IAREIEH K 2F . X SEHIFFE X 0 A i b e A LB
HEAT T RRARE , AT M,

i 55 G ROBE ST 45 AR, AHSC B A B, B 6 )
FER(X,) Fb, HeAt 9 A~ BATH SR b i £ 28 500 8) 2 47 1
ANFIRERE AR A (R B R R TS, B 4
M ERPEBR AR — R 0 e Z R AR A, R B
—ARBRPPO LR AT A i, 2R B IR A
FEbR, A R B S e W R G Eh R 0. BEJR Y
T A4 R R W10 AR ZHRIEPR AT IH 3 4
ER T, 235 A B g R RS IR AR KA
T ENRE T RIS i 82.202% IfEE. LI ¥



416 iR/

R

16 &

PRI AR JBUR IR A8 A3 I 25 2R, X84 il Y
AR5 ) R AT R 28,25 AN 7 5 R T il 434 4
2. BTRER S AP IEX] 111 Pacific purple  JE X 2L TX-
7 . Purple passion , Tallems ; % i £ & Fh 76 4% | Back-
lim U4k 1 5 Aplllo; H BT £k s A I [X] 701 | For-
tems, BT-5 #7 & 03411 F1, # 3= UC157, Pacific
challenger 1 P B £ R F Pacific Endeavour \Mill |
Jersey knight,16523-B | Early California  Thielim | At-
las  Patron, TR&EE i Ff b A 3% 1 S H B A= 3T 2 b 1.
SRR 2 A AR L R 3 AN DU AR L R
AT DL A R T R R T 25 R B X ST
PRSI, BT K B, 7 55T A P 7K ST SR
FRA R TC IR 2, 23 Ak Al RE = [ 9 A & Fh
RS S e R M IS S 8 WS

AW E VR Z It gt 4 kot H T E bR
R AR S AN AT T SRR SR SN, AT
J ST ISR AR A T A R o 4 A AR B
WHAE . SR, VR ) AR RO 5 188 A5 PR E
SEAAH IR, BRI 5 8 4 TR Y 1 365 5 7 54 1Y) i 6
(T T P o N T O v o e o S = 2 | S T R
YIE

Sk
[1] Khan M A, Sheith K H. Effects of different levels of salinity on
seed germination and growth of Capsicum annuum []]. Biologia,

1996,22:15-16

(2] FE&E, X BRER D, 5. WA A B 1) H 22 4l AR K K
MR — S/l PR PR [ ] A 2438 41, 2004, 21 (6)
667-672

[3]  Kubota S, Konno I, Kanno A. Molecular phylogeny of the genus

Asparagus ( Asparagaceae ) explains inter specific cross ability be-

tween the garden asparagus ( A. officinalis ) and other asparagus

[4]

(5]
[6]
[7]

8]
9]

[10]
(1]
[12]
[13]
[14]

[15]

[16]
[17]
[18]

[19]

[20]

species [ J]. Theor Appl Genet,2012,124;345-354

Benson B L. 2009 update of the world’s asparagus production are-
as, spear utilization and production periods [ J]. Acta Horti,
2012,950.87-100

MOLT B4R, AR, SF. B WA L R R AT
AR TS [ J] . TLPE A 24,2002 ,14(2) :58-61

Daniel D, Darlene W L. Tillage alters root distribution in a mature
asparagus planting [ J]. Sei Horti,2000,83(3) :187-204

Hokuto N, Takahiro Y, Hirokazu T. Acquisition and diversification
of cladodes ; leaf-like organs in the genus Asparagus [ J]. Plant
Cell,2012,24:929-940

BRI, 1245 BRIHRE, 55 . 11 )75 SR T ADRH 36 VP 0
[17. spEAe 4R ,2012,28(13) :167-170

A Y, NG, B AR AEL R IE X SR T BT A 5
[J]. bl Bb2,2012,16(4) :39-41

RS 2. i e 5 0k S R R R (7] E AL,
2005(6) :38-39

ST, 2R, FL R, A TR B TR R b 2 4
TRt ERVEVPA ()] AR AL B~ 4, 2014,15(3) :98-104
RIS M PR, SRS, S 220G T 43 BT O R TE BB
iR PR R A [T ] Pl 2554412, 2008 ,35(3) :351-356

Ti o, RIS BRGSO 55 0L Mk 1Y 2 oe B it 4
[P R 224 40,2013 ,35 (1) :42-48
e, 205 b, 4. B S BN BB IR T R
[J]. A AL LR A2, 2013 14 (4) :21-27

Shi M, Xu J,Zhang S, et al. A mediator-frees creen-printed am-
perometric biosensor for screening of organophosphorus pesticides
with flow-injection analysis( FIA ) system [ J]. Talanta,2006 ,68
(4) :1089-1095

Abdul-Baki A A, Anderson J D. Vigour determination in soybean
seed by multiple criteria [ J]. Crop Sci,1973,13:630-633
/NI RREEZE B DI, A SRR SO AT Yk R vk
WFIE[T]. A4 ,2009 ,23 (5) :884-890

Uno Y, Kanechi M,Inagalu N, et al. The Evaluation of salt toler-
ance during germination and vegetative growth of asparagus,table
beet and sea aster[ J ]. Soc Hort Sci, 1996 ,65(3) :579-585
A RN, SRR, . SRR TR B0 Y I
RO UL )] AR A# I ,2006,22(7) :322-325

KRR RBLEL, EHEA, S SRR R0 X AT A A B TR
BRI [J]. NS R A4 . B AAR=RR 2006 ,21(2)
165-168



	植物遗传资源学报2015年第2期(未转)_部分203
	植物遗传资源学报2015年第2期(未转)_部分204
	植物遗传资源学报2015年第2期(未转)_部分205
	植物遗传资源学报2015年第2期(未转)_部分206
	植物遗传资源学报2015年第2期(未转)_部分207
	植物遗传资源学报2015年第2期(未转)_部分208

