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Tab.1 Response index (7¢) of individual indices of 22 flue-cured tobacco varieties to enhanced UV-B radiation

fuffivarites PH LW  LL SG SFW RDM LDM POD SOD PPO EC Pro MDA W-SS SP UV-AS
FIE 90 -0.02 -0.15% -0.14* -0.19* -0.23* -0.55* -0.15* 0.19* -0.09 5.06* -0.12* 0.22* -0.17* -0.28* -0.33* -0.02
A 98 -0.09* -0.17* -0.12* -0.15* -0.31* -0.08 -0.05 0.24* -0.08 1.29* -0.20* 1.42* -0.34* -0.07 -0.26* 0.12*
FH 100 -0.16% -0.13* -0.09* 0.04 -0.25* 0.00 -0.07 0.89* 0.40* 0.67* -0.11* -0.24* -0.28* -0.15* -0.07 0.13*
FE 103 -0.21% -0.27* -0.19* -0.33* -0.38* -0.46* -0.49* -0.11* 0.01 027* -0.25* -0.02 -0.07 0.52%* -0.24* -0.07
FAHE 201 -0.20* -0.17* -0.11* -0.06 -0.16* 0.18* -0.14* -0.09%* 0.42* 0.13* -0.27* 0.32* -0.10* -0.10* 0.13* 0.51*
=85 0.32% 007 007 005 0.35* 008 007 031* 0.17* 1.36* -0.07 0.21* -0.20* 0.13* 0.05 0.00
=M 87  0.45% 0.02 0.10% 0.32* 0.44* 0.41* 0.61* -0.09* 0.12* 0.88* -0.27* -0.18* -0.14* 1.25* 0.23* 0.03
=97 -0.45% -0.22% -0.27* -0.29* -0.59* -0.47* -0.89* -0.03 -0.22* 0.05 -0.13* 0.01 -0.14* 0.31* -0.14* 0.28*
=M 201 -0.43*% -0.04 -0.16* -0.30* -0.49* -0.53* -0.83* 0.09* 0.15* 5.55* -0.35% 0.02 -0.11* 0.07 -0.19* -0.06
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gE1
fhFfivarites PH LW LL SG SFW RDM LDM POD SOD PPO EC Pro MDA W-SS SP UV-AS

=M 203 -0.48% -0.09% -0.21* -0.14* -0.40* -0.23* -0.69* -0.04 -0.46* 2.62* -0.27* -0.15* -0.19* 0.64* -0.31* -0.26*
A KR40 -0.15% -0.34% -0.30* -0.27* -0.45* -0.20* -0.82* -0.34* -0.02 0.23* -0.30* -0.28* -0.13* -0.33* -0.20* 0.59*
=l 45 -0.01 -0.11* -0.08 -0.12* -0.26* -0.02 -0.58* -0.03 0.21* 0.51* -0.22* 0.23* -0.16* 0.04 0.00 0.28*
WMH 15 -0.13* -0.14* -0.14* -0.22* -0.18* -0.48* -0.15* -0.32* 0.78* -0.31* -0.05 0.02 -0.14* 0.10* 0.25* -0.01
B 1S -0.31*% -0.24* -0.18* -0.22* -0.38* -0.27* -0.49* 0.18* 0.28* -0.32* 0.05 0.04 -0.30* 0.68* -0.30* -0.07
W -0.24* -0.30* -0.28* -0.16* -0.58* -0.55* -0.42* 0.09* 0.23* 0.10* -0.23* 0.19* 0.00 -0.29* -0.31* 0.42*
K326 -0.27* -0.12* -0.23* 0.00 -0.21* 0.33* -0.17* -0.25* 0.46* 0.17* -0.10* 0.22* -0.24* -0.13* 0.08 -0.26*
G80 -0.11* -0.17* -0.18* -0.19* -0.37* -0.45* -0.72* 0.07* 0.08 1.13* -0.13* 0.35*% -0.23* 0.34* 0.02 0.45%
NC82  -0.09* -0.19% -0.05 0.05 -0.20* -0.25* 0.06 -0.12* 0.67* 0.31* -0.17* 0.78* -0.25*% -0.27* -0.06 0.21*
NC102 -0.21* 0.02 -0.10* -0.04 -0.04 0.96* 0.11* 0.25*% 0.59* -0.28* -0.12* -0.07 0.09 0.16% 0.19* 0.23*
NC297  0.15* 0.14* 0.16* -0.09* 0.20* 0.30* -0.61* -0.18* 0.29* 2.18* -0.09* 0.32* -0.37* -0.16* -0.01 0.09*
KRK23 -0.34* -0.35* -0.40* -0.21* -0.54* -0.31* -0.95* 0.05 0.33* 1.85* -0.27* -0.29* 0.04 -0.09 0.01 0.12*
KRK26 -0.40* -0.38* -0.32* -0.29* -0.56* -0.49* -0.72* 0.16* 0.23* 0.21* -0.08 0.04 -0.15* 0.03 -0.01 0.03

HE: sFOREREE (P<0.05); PH. ¥k LW. M5 LL. M SG. X[ SFW. 4hifffffis; RDM. IRTFFi&: LDM. M-FFif; POD.
SRR SOD. MEMEALEEETE: PPO. ZM%LERET:: EC. M THE, Pro. IHEM S H: MDA, I &R W-SS. KiFtk
BEE s, SP ANVAMEER AR By UV-AS. SN S &, DUFRIEA S 5RMA.

Note: * indicates significant difference (P<0.05); PH. plant height; LW. leaf width; LL. leaf length; SG. stem girth; SFW. seedling fresh weight; RDM.
leaf dry mass; LDM. leaf dry mass; POD. peroxidase; SOD. superoxide dismutase; PPO. polyphenol oxidase activity; EC. electrical conductivity; Pro.
proline content; MDA. malondialdehyde content; W-SS. water-soluble sugar content; SP. soluble protein content; UV-AS. UV absorbing substance content;
Abbreviations in the following table are the same.

2 158 UV-B RS LIE T & BIUEARMAIEE (7o) BIMEX RN

Tab.2 Correlation coefficient matrix of response index (7¢) of each single index under enhanced UV-B radiation treatment

o
i?dti PH LW LL SG SFW RDM LDM POD SOD PPO EC Pro MDA W-SS SP UV-AS
PH 1.00

LW  0.57%* 1.00

LL  0.80** 0.86** 1.00

SG  0.69%* 0.57** 0.66** 1.00

SFW  0.88** 0.80** 0.89** (0.79** 1.00

RDM  0.42 0.61*%* 0.53* 0.68** 0.67** 1.00

LDM 0.66** 0.46* 0.62%* 0.82%* (.74** 0.56** 1.00

POD 0.00 008 0.08 0.16 0.00 0.06 0.19 1.00

SOD 0.14 009 0.18 029 025 032 037 -0.03 1.00

PPO -0.01 029 011 -0.15 -0.01 -027 -0.19 0.14 -040 1.00

EC 0.10 0.12 0.18 0.04 0.19 008 0.18 025 034 -033 1.00

Pro 0.18 0.09 027 007 027 -001 026 0.00 0.03 0.02 0.11 1.00

MDA -0.26 -0.27 -045* -0.17 -026 0.03 -0.10 -0.10 0.12 -0.08 -0.42 -0.49* 1.00

W-SS 017 023 022 025 028 0.13 020 -0.06 -030 -0.10 0.00 -029 0.01 1.00

SP 040 038 035 0.52*% 0.56** 0.57** 0.43* -0.17 0.64** -0.37 0.15 -0.14 0.18 0.14 1.00

UV-AS 0.08 -028 -0.12 -0.07 -0.16 0.00 -0.13 -0.06 0.09 -033 -025 0.09 024 -036 0.09 1.00
e FRREREE (P<0.05); **FREFNEE (P<0.01).

Note: * indicates significant difference (P<0.05); ** indicates extremely significant difference(P<0.01).
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Tab.3 Coefficient and contribution rate of each comprehensive index under UV-B stress

FJl4) principle factor CI, Cl, Cl; Cl, Cls
FHIEMH eigen value 5.78 2.32 1.80 1.45 1.11
TTMkZ/% contribution ratio 36.10 14.51 11.27 9.04 6.91
B3t 5Tk % /% cumulative contribution ratio 36.10 50.61 61.88 70.92 77.83
FHIEI & eigen vector PH 0.34 -0.07 -0.01 0.23 -0.10
LW 0.33 -0.22 -0.14 0.04 0.07
LL 0.37 -0.19 0.03 0.12 -0.06
SG 0.36 0.05 -0.07 0.05 0.12
SFW 0.40* -0.05 -0.09 0.04 -0.06
RDM 0.31 0.18 -0.10 0.01 0.13
LDM 0.34 0.05 0.06 -0.01 0.13
POD 0.04 -0.15 0.16 -0.21 0.77 *
SOD 0.16 0.42 0.27 -0.10 0.13
PPO -0.05 -0.46* -0.21 0.22 0.30
EC 0.11 0.00 0.43 -0.55% -0.04
Pro 0.07 -0.19 0.50* 0.31 -0.18
MDA -0.11 0.39 -0.41 0.09 0.28
W-SS 0.11 -0.11 -0.43 -0.38 -0.32
SP 0.26 0.39 -0.09 -0.06 -0.07
UV-AS -0.06 0.32 0.14 0.52 0.02

T FRIR IR AEXT N S A E R

Note: * indicates that the absolute value of the indicator in the corresponding principal component is the largest.
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Tab. 4 Comprehensive evaluation of enhanced UV-B radiation tolerance of 22 flue-cured tobacco varieties at seedling stage

o g LR e R SR U DA g e TRIHRIEN%
HHAT comprehensive index value subordinative function value D predicted D ... evaluation
varieties difference
Cl, CI, CI; CL CIs UX) U, UW;) UWX) UXs) value accuracy
NC102 264 272 -091 -0.77 172 064 1.00 040 045 0.73 0.66 0.68 -0.018 97.27
=i 87 578 0.02 -3.12 029 -0.85 1.00 049 0.00 0.73 0.10 0.65 0.65 0.004 99.38
N 85 401 -1.08 0.12 0.11 0.64 080 029 059 0.68 046 0.63 0.62 0.011 98.25
NC82 1.35 057 211 087 -048 049 0.60 095 088 0.19 0.59 0.59 0.005 99.15
4201 084 197 0.11 081 -006 043 08 059 0.86 029 0.57 0.59 -0.022 96.14
NC297 316 -1.60 082 083 -094 070 0.19 0.72 087 0.08 0.57 0.57 -0.002 99.65
FHE 100 123 -0.17 1.14 -1.18 2.84 048 046 077 034 1.00 0.55 0.52 0.027 95.09
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Bk 4
e Zrtrinbaia SRR e A T DAL e FRURREE%

varieties comprehensive index value subordinative function value D predicted D difference evaluation

Cl, CL CI; CI; CIs U() UW, UWX) UWX,) UWXs) value accuracy
K326 1.10 0.72 0.62 -030 -0.62 046 063 068 057 0.15 0.5l 0.51 0.003 99.41
WE 15 076 1.86 0.67 -095 -125 042 0.84 0.69 040 0.00 0.50 0.51 -0.013 97.40
vl 4 5 0.41 039 -0.03 0.59 -0.39 038 056 056 0.80 021 048 0.44 0.040 91.67
HHAH 98 023 -2.16 239 134 -024 036 0.09 1.00 1.00 025 047 0.43 0.036 92.34
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Fig. 1 Pedigree chart of UV-B radiation tolerance of 22 flue-cured tobacco varieties
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of the impact of UV-B radiation on plant’s ecophysiology

Analysis of the tolerance of 22 flue-cured tobacco varieties to enhanced UV-B radiation at
seedling stage and screening of identification indices

GU Hao', ZHANG Jintao’, CHEN Y7, LI Jialiang', CAI Xiao', YANG Zhixin', WANG Li', HE Chenggang'*

1 College of Tobacco Science, Yunnan Agricultural University, Kunming 650201, China;
2 China Tobacco Hunan Industrial Co., Ltd., Changsha 410007, China;
3 Yunnan Academy of Tobacco Agricultural Sciences, Kunming 650021, China

Abstract: [Purpose] This study aims to evaluate the tolerance of 22 flue-cured tobacco varieties to UV-B radiation at seedling stage and
screen the identification indices. [Methods] Seven growth indices and nine physiological indices of 22 flue-cured tobacco cultivars were
measured under natural UV-B radiation (control) and enhanced UV-B radiation (4.60 kJ/m?-d) at seedling stage. Principal component
analysis was carried out according to the response indices of each single index to enhanced UV-B radiation, the UV-B radiation tolerance of
22 flue-cured tobacco varieties at seedling stage was comprehensively evaluated by means of membership letter and systematic cluster
analysis, and the identification indices of UV-B radiation tolerance of flue-cured tobacco at seedling stage were selected by stepwise
regression analysis. [Results] Through principal component analysis of 16 single indices, five independent comprehensive indices were
obtained. The evaluation value (D) of enhanced UV-B radiation tolerance of each variety was calculated by membership function method.
Using cluster analysis, seven flue-cured tobacco varieties with strong UV-B radiation tolerance, four with medium UV-B radiation
tolerance, seven with weak UV-B radiation tolerance and four with relatively weak UV-B radiation tolerance were selected, and the
prediction equation of flue-cured tobacco’s tolerance to UV-B radiation at seedling was established by stepwise regression analysis:
D'=0.510+0.233SFW-+0.135SOD+0.114UV-AS+0.113LDM-0.068 W-SS+0.073RDM(R’=0.974, P<<0.05). The average predicted accuracy
was 95.24%. [Conclusion] NC102, Yunyan 87, Yunyan 85, NC82, Zhongyan 201, NC297 and Zhongyan 100 high higher tolerance to
UV-B radiation, while Zhongyan 103, Yunyan 201, Yunyan 97 and Yunyan 203 are more sensitive to UV-B radiation. Seedling fresh weight
(SFW), superoxide dismutase (SOD) activity, UV absorbing substance (UV-AS), leaf dry mass (LDM), water-soluble sugar (W-SS) content
and root dry mass (RDM) were selected as the evaluation indices of UV-B radiation resistance of flue-cured tobacco at seedlings.
Keywords: UV-B radiation; flue-cured tobacco varieties; seedling stage; comprehensive assessment

*Corresponding author. Email: chengganghe63@163.com





