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Heavy-Ion Radiation Mutagenesis System and Screening of Cold-Tolerant
Germplasm in Hybrid Pennisetum

WEN Hao, WANG Xiao-rong, HOU Bo, CHEN Xi, ZHANG Yun-wei, NI Cheng-cheng, BI Xiao-jing"
(College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: Hybrid Pennisetum (Pennisetum glaucum X P. purpurewm) is an important high-yield and high-quality
forage grass; however, its poor cold tolerance restricts its cultivation and utilization in northern and high-latitude
regions. Heavy-ion irradiation is a relatively new mutagenic approach and has been rarely applied in forage breed-
ing. In this study, seeds of the hybrid Pennisetum cultivar ‘Bangde No. 1" were treated with heavy-ion irradiation at
doses of 50, 100, 150, 200, and 300 Gy. Seedling growth traits and physiological responses under low-tempera-
ture stress were systematically evaluated to investigate the mutagenic effects of heavy-ion irradiation, establish a
heavy-ion mutagenesis system for hybrid Pennisetum seeds, and develop novel cold-tolerant germplasm. The
results showed that heavy-ion irradiation exerted a clear dose-dependent effect on hybrid Pennisetum. Among the
treatments, 100 Gy not only maintained a high seedling establishment rate but also significantly increased soluble
sugar content and the activities of superoxide dismutase (SOD) and peroxidase (POD) , reduced membrane
damage, and resulted in the lowest semi-lethal temperature (I.T5,) of plant mutants, indicating the strongest cold
tolerance and relatively high mutagenic efficiency. Based on a comprehensive evaluation integrating laboratory and
field assessments, principal component analysis, membership function analysis, field survival rate, and field over-
wintering rate, three potential cold-tolerant mutants were identified from the M, generation.

Key words: Hybrid Pennisetum ; Heavy-ion irradiation ; Mutation breeding ; Cold-tolerant germplasm ; Mutagenesis
system
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Fig. 2 Effects of cold stress on physiological indices of ‘Bangde No. 1” hybrid pennisetum under different radiation doses
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Table 1 Factor loading matrix

8.4 Component . Fl(ﬁ%ﬁﬁ$ . Fz(ﬁiiﬁ?ﬁk$ . F3(7:T§ ﬁﬁki
Variance contribution:79.980% ) Variance contribution:16.097 % ) Variance contribution:3.818% )

AL AL SOD 0.980 0.019 0.096
ALY POD 0.954 0.051 —0.247

W EYEME Soluble sugar 0.972 0.112 —0.035
ARG REC —0.651 0.743 —0.016
fili & Proline 0.852 —0.456 —0.164
4¢ 2 Chlorophyll —0.069 —0.131 0.987
AX KB RWC 0.233 0.95 —0.186
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Fig.4 Superoxide dismutase activity and soluble sugar content of ‘* Bangde No. 1’ hybrid pennisetum mutants
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Note: Codes such as 100-6 and 150-9 represent candidate individual plants, where the first number indicates the heavy-ion irradiation dose (Gy)

and the second number indicates the individual plant number
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Table 2 Factor scores and attribute function values of hybrid Pennisetum under different heavy-ion irradiation doses

LZERE TR SRJE R R A WY DA HEF - H A7 i A G
Material ID Comprehensive evaluation (D value) Rank Mean survival rate Survival rate rank

200-9 0.762 1 23.00% 19
200-4 0.751 2 60.00% 6
100-8 0.669 3 57.14% 9
100-6 0.584 4 66.67% 2
100-9 0.553 5 53.33% 15
100-10 0.526 6 66.67 % 3
200-6 0.517 7 60.00% 7
100-1 0.495 8 55.00% 12
100-7 0.483 9 77.78% 1
300-3 0.482 10 32.00% 18
150-9 0.479 11 54.16% 13
200-8 0.461 12 20.23% 20
50-9 0.442 13 62.50% 5
100-3 0.416 14 56.25% 11
200-7 0.394 15 36.89% 17

CK 0.37 16 50.00% 16

L DA TSR R BT AS 2N 2R B P E, D (EDBOR R bR 43 M TE P 5 CIK g A 28 T ] 7 S Ak B X 5 100-8 A 5w
X T B T ) b BEAR AT bk G AT R AR (Gy) R E R RS S . RPN DA R T CK A 15 BBk LA HAF 1 3¢

Note: D value represents the comprehensive evaluation value calculated by the membership function analysis, and a higher D value indicates

stronger cold tolerance. CK represents the non-irradiated control. Codes such as 100-8 indicate individual plants derived from different heavy-ion

irradiation treatments, where the first number represents the irradiation dose (Gy) and the second number represents the individual plant number.

Only the 15 materials with D values higher than that of CK and their corresponding survival rates are presented in the table

1796 R KT CK B9 %4 , 364 50-9, 100-1, 100-3,
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200-6 %5 11 BR B4R Ay fi 328 i 52 44 K
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C
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Fig.5 Venn diagram of cold-tolerant mutants identified

through three-dimensional screening
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Note: A, number of plants with PCA scores significantly higher than
CK; B, number of plants with membership-function comprehensive
evaluation D values significantly higher than CK; C, number of plants

with survival rates significantly higher than CK
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Fig. 6 Overwintering regrowth performance of three new
germplasm accessions
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