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Table 1 Size grading standard of A. sinensis seedlings

ﬁﬁﬁ?ﬁﬁ/g iﬁtﬁ*ﬁ{(/cm *E*ﬁ/mm

ijd%}if?zc Seedling Root lRoot
mass length diameter
K Big seedlings 1.6~2.0 13.1~16.0 6.1~7.5
1 Medium seedlings  0.8~1.5 10.1~13.0 4.1~6.0
/N Small seedlings 0.4~0.7 8.0~10.0 2.0~4.0
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Table 2 Phenological characteristics of A. sinensis under different sizes of seedlings

s HY/(H-H) Measured dates/(m-d)

b 0

o5
Seedling size 04-25

ok B

Plant numbers

06-20
B/ %

Re-greening rate

08-07
IR %

Early bolting rate

07-25
T A/ Y

Survival rate

K1 Big seedlings 17943 aA 86.7+2.9 aA 76.81+2.1 aA 58.30E£1.6 aA
F1 1 Medium seedlings 19242 bA 84.9+7.7 aA 74.045.5 aA 26.22+1.5 bB
/N Small seedlings 17845 aA 83.8+5.7 aA 72.1+3.5 aA 8.00+1.3 cC

TE B N R bR 227 . AR R RS 5/ R R 28 i 3 (P <<0. 01)  ANR/NG FRRR 25 53 B3 (P<<0.05), T,

Note: Data are “mean®SD”. Different uppercase letters within the same columns in dicate extremely significant difference(P < 0.01),

different lowercase letters indicate significant difference(P<0. 05). The same below.
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Comparison of growth dynamics of A. sinensis seedling with different sizes in space
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Fig.2 Content of MDA and automatic oxidation rate of A. sinensis under different sizes of seedlings
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Fig.3 Antioxidant enzyme activities in leaves under

different sizes of A. sinensis seedlings
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Table 3 Agronomic characters and yield of radix A. sinensis by space mutation under different sizes of seedlings

oy~ Fik K /em F4k ML/ mm A/ em
Sﬁ'dl? ’&}JIJ Rhizome Rhizome Root
cediing stze length diameter length

AR A Rk g RS TR/ g 8 25 bF 7 4/
Lateral Fresh mass Fresh mass (kg/hm?)
roots per plant of single Fresh medicinal yield

K Big seedlings

2.84+0.24 aA 24.6210.98 aA 29.41£0.66 aA 11.7941.21 aA 78.85+7.86 bB 59.324+6.22 bB 1 073.5%283.5 bB

T Medium seedlings 2.2140.20 bA 24.9340.89 aA 29.4140.85 aA 10.73+0.63 aA 111.80+9.71 aA 81.81£8.01 aA 3 159.44783.1 abA

J/NB Small seedlings  2.72740.08 abA 23.504+0.81 aA 24.7740.64 bB 11.43+1.01 aA 109.704+7.96 aA 84.17+6.89 aA 6 382.5+1 705.8 aA
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R 2 U B a3 R RR AN 5 M R 4 4 3 /N TR AR
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BB E (=AY H AW R YT E 7 B F
(P<C0.0D), /N B #& 2 5 B th ¥ & & & &
(51.13%) , KA A h i %32 W) & i3I, 2
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SN T #R B (0. 133%, 1. 409%) , i #F (P <
0. 01) &5 F R #% (0. 063 % ,0. 630 %) 1M 5 i
(0.129%, 0.123%) 2 5 A 3 (P >>0.05),{H
HBAF 45 25 B2 (0. 050%,2>0.4%) ,
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Table 4 Content of A. sinensisunder treament of space induction

il i 951

Seedling size

BIKGY %
Total ash

PRI IE R 53/ %4

Acid-insoluble ash

B/ % Bl 2R / V% BEA MR/ %
Extract Ferulic acid Ligustilide

K1 Big seedlings 7.13+0. 04 aA

H1 1 Medium seedlings 5.7840.05 bB

/NE Small seedlings 5.72+0.05 bB

2.0640. 04 aA
1.40=£0. 23 bA

1.52£0. 16 abA

47.52+0.88 bB 0.0634+0.010 bB 0.

630+0. 152 bB
48.342£0.43 bAB  0.1292£0.005 aA  1.230=£0.010 aAB

51.1340.58 aA 0.13340.010 aA  1.40940. 139 aA
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Fig 4 the ultra performance liquid chromatograms of different seedlings of A. sinensis, the chromatograms of mixed standards(A) ;

the ultra performance liquid chromatograms of ferulic acid content of different seedlings of A. sinensis roots(B); the ultra performance

liquid chromatograms of ligustilide content of different seedlings of A. sinensis roots(C)
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High performance liquid chromatography(HPLC) images of different varieties of A. sinensis carried by space flight
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Effect of Seedlings Sizes by Space Mutagenesis on
Phenology, Stress Physiological Characteristics and
Medicinal Yield of Angelica sinensis

LIU Yuxiao', GUO Fengxia', CHEN Yuan'*, WANG Hongyan',
JIAO Xusheng',JIN Jiangin' and LIU Xiaofeng'

(1. College of Life Sciences and Technology, College of Agronomy, Gansu Agricultural University/ Gansu Provincial Key
Laboratory of Good Agricultural Production for Traditional Chinese Medicines/Gansu Provincial Engineering Research
Centre for Medical Plant Cultivation and Breeding/Gansu Provincial Key Lab of Aridland Crop Science, Lanzhou
730070,China; 2. Gansu Tasly Zhongtian Pharmaceutical Co. , L.td, Gansu Engineering Lab of Resource Reservation
and Utilization for Characteristic Medical Plants/ Gansu Cultivated Engineering and Technology Research Center

of Standardization and Traceability for Characteristic Chinese Medicine, Dingxi Gansu 748100, China)

Abstract In order to explore the mutagenic effects of space flight on the medicinal properties of A.
sinensis , the effect of seedling size on the phenological characteristics, stress-resistant physiological
characteristics, agronomic traits and yield of A. sinensis was investigatedduring the medicinal period
by transplanting seedlings from space flight-mutagenized A. sinensis seeds in a graded manner. The re-
sults showed that: 1. The bigger the seedling was, the higher the rate of regreening, transplanting
survival rate and early bolting rate were, the better theearly growth and development situation were,
the excellent growth and development indexes such as plant height, plant width, petiole diameter,
number of compound leaves, and leaf area were shown; 2. The seedling size had a significant impact
on the degree of membrane lipid peroxidation and antioxidant enzyme activity in the long-term growth
of A. sinensis, and the antioxidant system of early seedling was stable; 3. The seedling size had a sig-
nificant effect on the yield of A. sinensis, the yield of small seedling was the highest (6 382. 46
kg/hm?), middle seedling was the second (3 159. 44 kg/hm?), and big seedling was the lowest
(1 073.48 kg/hm*). It can be seen that aerospace mutagenesis breeding has a greater impact on the
phenological characteristics, stress resistance, yield and quality of A. sinensis seedlings; because the
small seedlings have higher yield and excellent quality after being ransplanted, so it can be selected for
transplantaion in the after ward research and production.

Key words Angelica sinensis seedling; Cultivation; Space-flight breeding;Early bolting; Ferulic acid

Received 2021-03-22 Returned 2021-06-25
Foundation item National Natural Science Foundation of China(No. 31560175, No. 31360317); the
Commissioned Project of Tianshili Modern Chinese Medicine Resources Co, Ltd -Space Breeding of
Chinese Materia Medica Angelica and Astragalus[ No. XDZY-(2017)115, No. 2019620005000036 , No.
202062000500072]; Modern Agricultural Chinese Materia Medica Industry System of Gansu Province
(No. GARS-ZYC-1) ;State Administration of Traditional Chinese Medicine Project(No. ZYBZH-Y-GS-
11).
First author LIU Yuxiao, male, master student. Research area:cultivation and breeding of medicinal
plants. E-mail:1120822772@qq. com
Corresponding author GUO Fengxia,female, research fellow. Research area: cultivation and breeding
of medicinal plants. E-mail:guofx@gsau. edu. cn

CHEN Yuan, male, professor. Research area: cultivation and breeding of medicinal plants.
E-mail: chenyuan@gsau. edu. cn

(BEHIE . BFH,  Responsible editor;: PAN Xueyan)



