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Effects of low temperature on morphology and photosynthetic
physiologic of CMS and maintain lines of kenaf

LIAO Xiao-fang'., ZHAO Yan-hong'?, ZHOU Bu-jin', YANG Jian'. ZHOU Rui-yang'"
(1. College of Agronomy, Guangxi University, Nanning 530005, China;
2. Cash Crop Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract Seven groups of CMS and maintain lines of kenaf leaves had been used to investigate the changes of plant’s
morphological feature, some parameters related to photosynthesis and content of chlorophyll under low temperature
stress at 12 C /6 C (day and night) for 15 days. The results revealed that: 1) The kenaf plant grew slowly, and the
increase of stem diameter and leave area in CMS were greater than those from the maintain lines. 2) Along with the
increase of low temperature stress,the P, and the total chlorophyll content were decreased;the Gs showed low-high-
low changes,whereas the Ls and the ratio of Chl a/Chl b increased firstly and then decreased. 3) Principal Component
Analysis and membership function had been used to analyze in this research It was showed that CMS were more tolerant
to low temperature stress than their maintain lines; F3A/B,917A/B and 722A/B were the three strongest groups. The
research also provided a valuable suggestion on winter cultivation and cold resistance breeding of kenaf.
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Effects of relative height,stem diameter and leave area of CMS line

and its maintainer in kenaf leaves under low temperature stress

1 JEA& #5848 Morphology indexes
Material X RH HIXE 254 RSD M T B RLA
P3A 0.1940.02 de 0.2740.04 efg 0.1840.03 cd
P3B 0.1840.02 de 0.2540.03 fg 0.19740. 09 be
L23A 0.1940.03 de 0.2740.04 efg 0.1840.03 cd
L23B 0.2540.02 ¢ 0.3040.05 ef 0.2340.02 ab
KO03A 0.3940.03 a 0.4740.11 b 0.24+0.03 ab
K03B 0.3140.03 b 0.4040.06 ¢ 0.1840.05 cd
917A 0.2940.03 b 0.6140.08 a 0.2340.05 ab
917B 0.184 0.02 de 0.4940.04 b 0.0140.01 f
722A 0.1040.02 f 0.2340.03 h 0.2640.02 a
722B 0.1640.03 e 0.3240.05 de 0.2240.01 abc
763A 0.184 0.03 de 0.4040.06 ¢ 0.0940.01 e
763B 0.1840.03 de 0.3140.05 de 0.0340.01 f
F3A 0.1640.02 e 0.29740.03 ef 0.1440.03 d
F3B 0.2040.02 d 0.3740.05 cd 0.2040. 02 be
AT HME 0.2140.03 0.3640.06 0.1940.50
B {E 0.21%£0.02 0.3140.05 0.1540. 30

TE [ 8/NG 52 RER R 28 53 3 (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 2 Changes of net photosynthetic of CMS line and its maintainer

in kenaf leaves under low temperature stress (pmol/(m? « s))
w8} Wi ] /d - Stress days

Material 0 5 10 15
P3A 12.6040. 62 bed 7.03+2.54 b 8.51+0. 73 abc 3.2040. 82 def
P3B 13.96+2. 13 abced 4,46+1.88 ¢ 6.9441.27 cd 3.32740. 32 def
L23A 12.4440. 44 bed 10.034 0.25 a 4,79+0. 35 de 3.61+0.72 cdef
1L.23B 12.4740. 86 bed 9.67%+0.94 a 3.360.13 ¢ 2.56+0.72 ef
KO03A 12.9440. 63 bed 10.3942.04 a 4,6441.32 de 2.1241.27 f
Ko03B 14.6141.19 abc 11.1640.94 a 6.16+1.55 cd 2.4240.46 f
917A 12.2141.10 cd 10.7840.57 a 6.8241.31 cd 4.17%1. 60 cde
917B 14.89+1. 46 be 9.15+1.54 ab 8.23+0. 88 abc 8.31+0.45 a
722A 11.68+0.68 d 8.93+1.30 ab 10.2440.25 a 3.6040. 20 cdef
722B 12.224+1.40 cd 7.20+1.00 b 9.8441.44 ab 4,62+2.01 bed
763A 15.4742.34 a 11.4141. 21 ab 9.7141.06 ab 4.62%0. 11 bed
763B 13.5341.98 a 11.0240. 45 be 7.4741.81 be 5.0940. 69 be
F3A 12.3341.30 a 11.3940.37 a 10.86=40.56 a 6.0740.53 b
F3B 11.5740.63 a 11.1640. 91 ab 9.8840.41 ab 3.6240. 46 cdef
AEHE 12.8441.02 9.94+1.18 7.904+0. 80 3.94+0.75
B F-#1{4 15.1541. 34 10.5441.09 8.5441.07 4,8440.73
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AN AL R A AR A SR B L R S AR W 38 X 21
JR &I B R G TR R Y 5 e DR U R Dy 3
BE W38 T LG A 1 R TS R AR B v R A i

FEREMETIRTERNRBERYEMHASILSE(G)NEL

Table 3 Changes of stomatal conductance of CMS line and its maintainer

in kenaf leaves under low temperature stress

(mmol/(m® * s))

R i BF ] /d - Stress days

Material 0 5 10 15

P3A 0.67=+0.05 bede 0.10%£0.04 fg 0.3140.11 gh 0.1140. 05 bc
P3B 0.61£0.09 cde 0.08+0.03 g 1.0340.27 cd 0.08+0.02 be
L23A 0.61+0.11 cde 0.52+0.12 a 0.17%0.03 h 0.0740.03 ¢

1L.23B 0.66=+0. 18 bede 0.34+0.09 bed 0.154+0.03 h 0.05%+0.23 ¢

KO03A 0.69=+0. 05 bede 0.3940.06 b 0.84+0.07 de 0.1240.02 be
K03B 0.7640.12 abc 0.3840.04 b 0.347+0.02 gh 0.1040.01 be
917A 0.80=+0.05 ab 0.35740. 04 bc 0.71£0.12 def 0.08=+0. 04 bc
917B 0.884+0.08 a 0.26+0.02 cde 1.21£0.19 ¢ 0.27+0.08 b
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R WrifEtE] /d - Stress days

Material 0 5 10 15

722A 0.5340.04 e 0.207£0.01 ef 2.0240.28 b 0.1040.01 be

7228 0.5640.09 de 0.16=+0. 38 efg 2.64+0.34 a 0.15240. 00 be

763A 0.8340.11 ab 0.2140.05 e 0.4340. 30 fgh 0.5740.03 a

7638 0.8940.09 a 0.20740.02 ef 0.26740.03 gh 0.1840. 04 be

F3A 0.7740. 10 abc 0.24740.06 de 0.9040. 05 cde 0.5540.08 a

F3B 0.7240. 15 abed 0.19740. 02 ef 0.5940. 21 efg 0.2640.34 b

AFHE 0.70740.09 0.2940.05 0.77+0. 14 0.2340. 04

B {H 0.72%£0.11 0.28=%£0. 07 0.894£0. 16 0.1640. 10
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Table 4 Changes of stomatal limitation of CMS line and its maintainer

in kenaf leaves under low temperature stress

Rk WrifEtE] /d - Stress days
Material 0 5 10 15
P3A 0.1140. 02 ab 0.324-0.04 d 0.1540.01 b 0.1440. 01 fgh
P3B 0.1240.01 a 0.334:0.03 d 0.044-0. 02 de 0.204-0. 01 bed
L23A 0.1140. 05 ab 0.114:0.01 h 0.144-0.04 b 0.264-0.03 a
L23B 0.0940.01 cd 0.1640.02 g 0.1640.05 b 0.2340.03 ab
KO03A 0.1040. 01 be 0.1740.02 g 0.0340. 02 de 0.1740. 03 cdef
K03B 0.1040. 01 ab 0.1740.02 g 0.074:0.01 ¢ 0.1440. 06 efgh
917A 0.09740. 00 de 0.184-0.01 fg 0.204-0.01 a 0.1940. 03 cde
917B 0.0940. 01 de 0.2240.08 e 0.0540. 02 cd 0.1740. 07 cdef
722A 0.1140.02 ab 0.4040.03 a 0.0340. 01 de 0.16240. 05 defg
722B 0.1240.01 a 0.3840. 03 ab 0.0240. 01 de 0.2140.03 be
763A 0.1140.01 ab 0.374-0. 03 be 0.1340.07 b 0.084-0. 04 i
763B 0.0940. 01 de 0.2040. 03 ef 0.014-0.00 e 0.114-0. 05 hi
F3A 0.084-0.01 f 0.344-0.09 cd 0.034-0. 02 de 0.1140. 01 ghi
F3B 0.0940. 00 de 0.3140.03 d 0.054-0. 00 cd 0.164-0. 06 defg
ACEY{H 0.1040. 02 0.2740.03 0.10%+0. 03 0.1640. 04
B ¥ 0.1040.01 0.2540.03 0.0640. 02 0.174+0. 04
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Table 5 Changes of total chlorophyll and Chl a/Chl b in kenaf leaves under low temperature stress

MriaEfE] /d - Stress days

Mjijjial B4 E F &/ (mg/g)  Total chlorophyll Chl a/Chl b

0 5 10 15 0 5 10 15
P3A 2.11 h .19 ef .97 defg 1.26 fg 2. 48 abc .67 cdefg .41 a .06 a
P3B 3.03 bed .66 h .76 fg 2.06 de 1. 98 be .70 bedef 3.23 a .72 ab
L23A 1.56 i .81 gh .60 gh 0.75 h 2.03 abe  2.39 fg 14 a .99 e
1.23B 2.90 def .40 de . 20 cde 0.84 gh 2.32 abc .34 g .71 a .16 de
K03A 2. 87 def L3211 .81 efg 2.08 cde 2. 47 abc .49 efg .42 a .68 ab
K03B 3.39 a .56 hi .99 defg 2.25 bed 2.56 a .75 bede .08 a . 36 bede
917A 3.21 abc .05 a 3.20 a 2.97 a 2. 26 abc . 96 abc .16 a .63 bc
917B 3. 00 cde .59 cd .53 be 1.69 ef 1.95 ¢ . 85 abed .32 a .22 cde
722A 3.28 ab .93 ab .24 cd 2.59 abc 2. 18 abc .13 a .33 a . 34 bede
7228 2.91 def 05 fg .34 cd 2.39 bed 2.09 abc 3.03 ab 3.18 a .48 bed
763A 2.98 cde 71 be .31 h 2.71 ab 2. 34 abc .57 defg .24 a .57 bed
763B 2.65 fg 15 ef .75 b 1.42 f 2. 22 abc 59 defg .82 a .94 e
F3A 2.59 g 66 cd .05 def 2.17 cde 2. 46 abc . 98 abc .65 a . 34 bede
F3B 2.73 elg .62 cd .31 cd 2. 36 bed 2.51 ab . 84 abed .60 a .45 bed
ASEYE 2.66 .39 .03 2.08 2.32 74 .48 .02
B P H{H 2.94 .15 .27 1.86 2.23 .73 .13 .33
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C=0.54 % X, +0.77 % X, +0.47 * X;+0. 66 *
X, —0.81 % X;—0.34 % X;+0.13 % X, +0.68 % Xq

C,=0.66 % X;+0.04 * X,+0.82 % X;—0.21 »
X, +0.2% X5+0.76 % X;—0.24 * X; —0.28 % X;

C;=—0.25% X; +0.22 % X, 0. 17 * X5+
0.04 % X, +0.51 * X; +0.31 * X;+0.89 * X; +
0.39 % X;

C;=—0.36 % X; +0.208 x X, —0.1% X;+
0.68 % X, +0.11 % X;+0.42 % X;—0.32 % X; —
0. 14 % Xq

T X0~ X 20500 BTl 2 (9 9 A LIRS A1 L 4K
KH:P,.G,.ChlCa+b),Chl a/Chl b, RH,RSD,
RLA I L.,
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Table 6 Difference on cold resistence of CMS line and its maintainer in kenaf leaves by subordinate function value

ok 254518 FR{E Comprehensive index $JE BRBUE Subordinate function value
' D1 HF  A+BHFE
Material ¢ G Gy C UX)  UXy)  UXy  UXD

P3A 3.58 1.88 1.47 0. 28 0.26 0. 24 0.33 0. 25 0. 26 12

P3B 3.83 1.86 1.49 0.56 0.37 0.23 0.35 0.85 0.39 7

L23A 3.18 1.36 1.31 0.59 0.07 0. 00 0.16 0.92 0.18 10 7

L23B 3. 44 1.85 1.62 0.16 0.19 0.22 0. 49 0.01 0. 24 13

KO03A  3.04 2.15 1.50  0.53 0.01 0. 36 0. 36 0.78 0. 28 9 6

K03B 3.02 2.32 1.38  0.35 0. 00 0.43 0. 24 0. 40 0.22 11

917A 4.69 3.58 2.11 0.26 0.76 1. 00 1. 00 0.21 0. 80 2 2

917B 4.27 2.72 1.53 0.63 0.57 0.61 0. 39 1.00 0. 60 4

722A 5.21 2.86 1.86 0. 42 1. 00 0. 68 0.74 0.55 0. 80 3 1
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