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Relationship of major morphological characteristics with low
temperature tolerance in savoy

SHAO Lu, WANG Cheng-gang”™ . SONG Jiang-hua, ZHANG Hui, WANG Shuai-shuai, YANG Jing
(Horticulture College, Anhui Agricultural University, Hefei 230036, China)

Abstract To evaluate the cold tolerance of savoy ( Brassica campestris L. ssp. chinensis var. rosularis Tsen),
physiological and morphological characteristics in savoy were studied under low temperature; the relationship between
different indexes of cold tolerance were revealed, which would provide a theoretical basis for discovery and promotion of
cold tolerant germplasm,evaluation on cold tolerance of a large number of savoy varieties and breeding of new cold-
tolerant varieties. The cold resistance of 6 savoy varieties were test materials, the cold comprehensive evaluation of
chilling tolerant coefficient (CTC) about relative electric conductivity, chlorophyll content, relative MDA content and
relative soluble sugar content in leaves of savoy seedlings under low temperature stress (0 C ,5 d)and the rest of the
seedlings grown in field, waiting for mature determines their 12 morphological characteristics, were evaluated by
principal components analysis and subordinate function analysis. During low temperature treatment, no significant
correlation was found between pigments content with chilling tolerance of savoy various cultivars and soluble sugar
content of each type were increased; the 19 single indexes could be classified into 4 independent comprehensive
components. Leaf color,Leaf color, leaf area, plant type, degree of compaction were reflecting the main morphological
characters of savoy;relative electric conductivity and relative MOD content reflected savoy cold tolerance identification
of the main indicators. The subordinate function analysis was used to divide 6 savoy cultivars into three chilling-
tolerance types. Leaf color depth, small size,small plant type, tight varieties of cold resistance was strong. Leaf color,
leaf area,plant type.the variety of loose cold resistance was weak.

Key words savoy; cold resistance; physiological property; morphological characteristics
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Table 1 Main morphological characters and their criteria for savoy evaluation

JE Ak Morphological character 0 #R AR UE Criteria for recording
Shit{a, Color of outer leaf SN 3 =157 =2 3 =3 IR g =4 B =5
L1, Color of interior leaf DM BB = 15 B =2 AR =3 R B =45 5 =5 BB =6
B Compaction degree PR I S SR R = 15 =25 B =35 B i =4
4% €5 Petiole color HARBU . =155k =248 =3

M A 4+ /cm Leaf length i R FE AR I 3 B 1 5 e v B K

" H 9% /cm Leaf width I5e KA i R 114 di 98 Ak TE

HAR K /em Petiole length B R A O A9 8 ) R S 1

4% $& /cm Petiole width oo KOBE A= - A 1) B B ALk 9 B

W B %t/ B Number of blade/slice MBI i BUB 3T 1 em? Ay I H 3 % &

B % /cm Plant height T R R I A A S i A S e AT 1YY e S
JEIE /cm Spread width 1E DI RE R I R 1 g KR

LBk /g Weight of single plant FABR A PR Y R

x2 RELEMZRMHAHEZSENZM

Table 2 Effects of low temperature on chlorophyll content in leaves of different cultivars

b i 7o 4t a/(mg/g) M43 b/ (mg/g) MEgER/(mg/g) MR a/MHEERD
Treatment Cultivar Chlorophyll a Chlorophyll b Chlorophyll Chlorophyll a/

Chlorophyll b

pagilst B 6 5 Tadiwub 5.8040.42 e 2.3840.30d 8.1840.64 e 2.4540.27 ¢
Control #1518 Huiwul 9.49-0.48 d 3.7740.12 ¢ 13.26+0.54 d 2.5140.12 ¢
2 5 Huiwa? 4.1740.16 f 1.64-40.21 e 5.8240.37 f 2.5540. 22 be
B 2 % Tadiwu? 2.6240.15 i 0.8140.16 f 3.4340.03 i 3.3240.83 ab
B3 1% Tadiwul 3.2540.09 gh  1.20-+0.34 ef 4.4540.42 gh 2.83740.71 abc
B 3 5 Tadiwu3  11.74-0.13 b 5.2040.22 b 16.9440.13 b 2.2640.11 ¢
S 6 5 Tadiwub 6.0940.37 e 2.27+0.28 d 8.37+0.61 ¢ 2.70+0. 18 abc
G5 #1515 Huiwul 9.9240.27 ¢ 4.234+0.59 ¢ 14.16+0.62 ¢ 2.37+0.32 ¢
Low #ry 2 2 Huiwu? 3.2640.23 gh  1.32+0.24 ef 4.5940.47 g 2.4940.28 ¢
LMPETAIE 5 2 5 Tadiwu? 3.6040.08 g 1.06+0. 16 f 4.6640.12 g 3.4540.61 a
s 15 Tadiwul 2.90=40. 09 hi 0.8740.11 f 3.77240.02 hi 3.3740.50 a
WML 3 5 Tadiwu3  15.18+0.16 a 6.5940. 28 a 21.784+0.13 a 2.3140.12 ¢

W RBNE FRERIR 2 57 B #E (P<0.05), TR,

Note: Different normal letters mean significant difference at 0. 05 level. The same as the following tables.
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Table 3 Effects of low temperature on MDA content in leaves of different cultivars pmol/g
Ab 3 i A Kb F B[R] /d Treatment time
Treatment Cultivar 1 3 5
X B MLt 6 5 Tadiwu 1.79+0.05 b 1.7540.08 b 1.680.03 a
Control #1515 Huiwul 1.5240.15 ¢ 1.6340.10 ¢ 1.4940.03 b
B 2 5 Huiwu2 1.13£0.09 d 1.20+£0.02 f 1.14=£0.09 d
Wi 2 5 Tadiwu2 1.74£0.05 b 1.66=+0.06 be 1.7140.07 a
i3 15 Tadiwul 0.384+0.17 g 0.384+0.03 i 0.43+0.05 e
Puih 5 3 % Tadiwu3 1.36£0.02 ¢ 1.50£0.04 d 1.40£0.09 b
B 6 5 Tadiwub 1.4040.11 ¢ 0.84%+0.05 h 1.444+0.02 b
G IR #1315 Huiwul 0.8440.05 e 1.15£0.04 1.2340.04 ¢
Low temperature #Y 2 5 Huiwu2 0.5640.06 f 1.4240. 04 de 0.294+0.03 f
W5 2 %5 Tadiwu2 0.9540.04 e 1.3940.05 e 1.7240.03 a
i 15 Tadiwul 1.47£0.03 ¢ 0.9440.04 g 1.16£0.04 d
Puih 5 3 % Tadiwu3 2.76£0.09 a 2.52£0.03 a 1.44£0.04 b
2.3 REMEXNSHEXYEATIEEIEN PR T 8 P R 5 DU A U 3 I ) A A G R 2 |
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A, R 6 5
03 d AT RES

EL}{“ aHjJ‘L

SRR E 2 5
5 d —FF&a,J’@unﬁ‘

b

TE

A 252% . #0152 5 AR/, 52 0.8% .
L5% M 15% . & &R IR IR I 30 5 o] i ol & B 5
YR R R,

F4 RELEXNZRFAMHRFAREESENZN

Table 4  Effects of low temperature on soluble sugar content in leaves of different cultivars ng/g
fob 3 S Fih AbFEESE] /d Treatment time
Treatment Cultivar 1 3 5

pagils Wi 5 6 5 Tadiwub 7.3840.03 g 8.30+0.17 i 7.77+0.11j
Control #1515 Huiwul 10.9440.05 ¢ 10.8840.10 f 11.3140.11 e
5 25 Huiwu2 11.654+0.08 b 12.6540.06 d 11.9440.05 d

W5 2 5 Tadiwu2 10.79£0.03 ¢ 10.0840.12 h 10.64+0.08 g

i3 15 Tadiwul 6.8440.05 h 6.8840.07j 7.0740.04 k
Wi 3% Tadiwu3 6.30+£0.03 i 6.4610.03 k 6.2640.04 m

IR Wi 6 5 Tadiwub 9.73%0.04 e 12.38£0.05 e 11.17+0.09 {
Low temperature #1515 Huiwul 9.934+0.08 d 16.78=+£0.08 b 17.8840.02 b
13 2 5 Huiwul 11.56+0.12 b 12.84+0.05 ¢ 13.73+0.16 ¢

Wi 5 2 5 Tadiwu2 8.8140.21f 10.4240.04 g 9.0940.06 h

Wi 15 Tadiwul 4.4940.09 j 6.36+0.07 k 8.15+0.06 i

B 3 % Tadiwu3 16.1540.08 a 19.10£0. 06 a 22.0440.07 a
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Table 5 Chilling tolerant coefficient(CTC) of each single index of leaves of savoy under stress and
recovery of low temperature and their main morphological characters

st i MR/ % MgFEa  HRED/ MR/ R e/ IR/ VYR et AN RSIRE
Cultivar Relative (mg/g) (mg/g) (mg/g) 242 b (umol/g)  (pg/g)  Color of Color of Compaction

electric Relative Relative Relative Relative Relative  Relative outer leaf interior degree

conductivity chlorophyll a chlorophyll b chlorophyll chlorophyll a/ MDA soluble leaf
content  chlorophyll b content sugar
content

Wi 65 1.37a 1.05 ¢ 0.95 ¢ 1.02 ¢ 1.10 a 0.71 d 1.42 b 5a 5a 3a
Tadiwub
B 15 0.77 b 1.05 ¢ 1.12 b 1.07 ¢ 0.94 a 0.70 d 1.34 b 4 a 5a 3 a
Huiwul
My 25 0.67 ¢ 0.78 e 0.84d 0.79 e 0.98 a 0.64 e 1.05 ¢ 3b 3b 4 a
Huiwu2
W#hE 25 0.35d 1.37 a 1.31 a 1.36 a 1.04 a 0.80 ¢ 0.90 ¢ 2b 3b 3a
Tadiwu?2
Wi 1% 0.72 be 0.89d 0.73d 0.85d 1.19 a 3.0l a 0.91 ¢ 2b 2b 4a
Tadiwul
W 35 0.39d 1.29 b 1.27 a 1.29b 1.02 a 1.58 b 3.01 a 5a 6 a 2b
Tadiwu3
it A e AR /em MRS /em BHARR/em BHARSE/em B AR PR /em  JEIE/ cm bR/ g
Cultivar Petiole Leaf length Leaf Petiole Petiole Number of Plant Spread Weight

color width length width blade height width of single

plant

Wiy 6 5 3 a 17.3 a 16.8 a 13.8 a 3.9b 22 b 23 a 44 a 410 b
Tadiwu6
B 15 3a 10.2 ¢ 12.3 ¢ 7.1 cd 4.6 a 28 a 14 ¢ 28 d 350 ¢
Huiwul
By 25 1b 9.8d 12.5 be 6.4d 4.8 a 15 ¢ 14 ¢ 27 d 190 d
Huiwu2
Wi 2 5 1b 9.7 d 13.9b 11.2 b 3.5 be 30 a 18 b 33 ¢ 400 b
Tadiwu2
By 15 1b 11.4 b 12.7 be 8.2 ¢ 4.8 a 22 b 15 ¢ 31 ¢ 450 a
Tadiwul
Wi s 35 3 a 9.7d 9.6 d 10.7 b 3.3 ¢ 16 ¢ 23 a 38 b 320 ¢

Tadiwu3
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Table 6 Coefficients of comprehensive indexes[ Cx Jand proportion

F R4 25418 Fr1E Comprehensive index
Principle factors C, C, C, C,
FRAIE AR 7.964 4,558 3. 269 2.152
Eigen values
TLHREE/ % 41.916 23.990 17. 206 11. 327
Contributive ratio
il sk R/ 1 41.916 65. 906 83.112 94. 438
Cumulative contributive ratio
FEAE k] 1 RS R 0. 009 0. 879 —0.379 —0. 254
Eigen vector HatEE a 0.787 —0.290 0.541 —0. 060
MegEE b 0. 766 —0.498 0.329 —0.237
-2 %2 0. 785 —0. 364 0. 489 —0.107
MGE a/HEED —0.177 0. 663 0. 435 0.583
[y —0.297 0.130 0. 296 0. 840
A v 0. 744 —0.292 —0.379 0. 463
NG 0. 725 0.175 —0.652 —0.008
Py i o 0.841 —0.090 —0.478 —0. 080
BB —0.957 0.257 0.016 —0.058
A £, 0.738 0.135 —0. 469 —0.106
R K 0.248 0. 950 —0. 145 —0.118
M- —0.034 0. 820 0. 189 —0.508
LIRS 0.741 0.555 0.291 0. 006
4% 58 —0.891 0.124 —0.316 —0.087
i H % 0. 056 0.033 0. 696 —0.582
Mk 0. 875 0.330 —0.012 0. 255
TR i 0. 754 0.611 0. 020 0.174
HABR 0.185 0.522 0. 680 0.148

E:Cr S —F W Co B T E RN Cs 5 = F W5 Co B U E ALY

Note: C; ;: The first principal component;C; ; The second principal component;Cs : The third principal component; Cy ;: The fourth

principal component.
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Table 7 Difference on cold tolerance in savoy by subordinate function value
o 22416 Fr{E Comprehensive index FJE PR E(E Subordinate function value He
Cultivar C C, G, C, UC) UG UG UC)  EH{H Average Rank
W5 6 5 Tadiwub 151.05 289.64 292.17 50.78 1. 00 1. 00 0. 83 0. 82 0.91 2
#1515 Huiwul 112.56 230.81 254.26  36.33 0.49 0.59 0.63 0.43 0. 54 5
B 2 5 Huiwu2 74.95 146.02 138.54  20.27 .00 0. 00 0. 00 0. 00 0. 00 6
W5 2 5 Tadiwu2 128.67 263.44 295.59 44.16 0.71 0. 82 0. 85 0. 64 0.75 3
W5 1% Tadiwul 126.73 287.86 322.63 57.48 0.68 0.99 1. 00 1. 00 0.92 1
W5 35 Tadiwu3 129.51 221.93 225.57 46.03 0.72 0.53 0. 47 0. 69 0. 60 4

TEUCH 58— TR R R R EG UCC) 58 Z A8 s UCCy) 5 = E A SR sl 8G UCH SR T sy shm ki, TR,

Note: U(Cy) : The first principal component membership function; U(C;) : The second principal component membership function; U(C;) .

The third principal component membership function; U(Cy) : The fourth principal component membership function. The same as in

the following table.
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