IR AR K 2 4R (H AR B /R),2026,57(1):149-156 VOL.57 NO.1 2026
Journal of Shandong Agricultural University ( Natural Science Edition ) doi:10.3969/j.issn.1000-2324.2026.01.015

SR EAEARFR AR
IS, EHMY KREE MR KEIR, FRAF RKTF

LR R 2R 2B, L AR 242 271018

2. INARSGR BRI AR AR, LA FrEg 271111

3. IARFHAH A R A w], 2R A 250132

4. R RS A ER, 2R P 271111
1 B AW R 4 CCIRIRARTT XS SRR K @5 2G0T 1 B  , 3F W AR AEA TR AR B /N R 8 i (1] 5 Rl
RHEFRMKZ, IS PR GHE 0 PRI B ARAKHE o 33050 L — 4R AR P2 AN R /N SEARAR B AN 4K i
G ZUNM R, K SR B ALK FE 5 AR5 N DU AL, 38 5 Vb B v s bR 28 26, ) AR AR B 5% v i 5 4L 2L A7 3 R
PN HIE o G5 RARI 4 COMVD RAE AT RUAEFRF PR I =, S0 ik LR Al R 28, IR SR B 515 ) R 3R s
IR 5 B AR KR TR AT 5 1 B 26 B 235 52, 22 BRI R AR OR AT 14 N B 2R AR FFTE 85% L b, LB FFS R
B BE RN ELAR ROBE AN, 2 28 S W s A AR o0 s S L34 4 °C 4 T ARAE 9~124 H G B A& i B 0 (BAN A
s EAETEARAT I (B 535 S22 5 45 B FTIR, 4 cCARIRIR D TR AZ AT AE PF SR PR CRAT 141, SN R AF Pl B (K il AR 2
PERTATIRAR s G A S EARIRARAT 9 AN H 18 AT JERFBCAT 0 R 58 75 5 ik 4R AR UCEL L RT AL CRAT IR R S AR
XA IS RIEIRAE: B sl
FEFESHES: S567.23 RRFRIRTE: A NERE: 1000-2324(2026)01-0149-08

Preservation Methods of Salvia miltiorrhiza Seed Roots and Callus
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Abstract: This study investigates the effects of low-temperature preservation at 4 °C on the viability of Salvia miltiorrhiza
seed roots and callus, and analyzes the relationship between preservation medium, root segment size, preservation duration
and root germination rate, aiming to provide technical basis for the medium- and long-term preservation of S. miltiorrhiza
germplasm resources. Using fresh root segments of different sizes and primary calli from one-year-old S. miltiorrhiza as
materials, this experiment divides the root segments into four groups based on length and diameter, determining the seed root
germination rate by the sand culture method, and evaluating callus viability through survival rate of calli during subculture.
The results show that wet sand preservation at 4 °C effectively maintains the seed root quality, significantly inhibits premature
germination, preserves water content and viability, and yields a high germination rate. Root segment length and diameter
exert a significant effect on seedling establishment rate after low-temperature preservation. Most seed roots maintain a
seedling establishment rate above 85% within one year of low-temperature preservation, and with increases in the length and
diameter of the S. miltiorrhizaroot segments, both the seedling emergence rate and seedling height correspondingly rise.
Calli retain seedling formation capacity after 9~12 months of preservation at 4 °C, although variations in preservation
duration tolerance and viability exist among different varieties. In summary, low-temperature wet sand preservation at 4 °C
allows large-dimension S. miltiorrhiza seed roots to be stored for up to one year, providing a feasible approach to reduce the
cost of biennial planting. Additionally, Calli maintain strong seedling formation capacity within 9 months of low-temperature
preservation, offering a basis for reducing subculture frequency and simplifying the preservation protocols.

Keywords: Salvia miltiorrhiza; low-temperature preservation; root segment; callus
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Fig. 1 Four types of Salvia miltiorrhiza seed root segments
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Fig. 2 Status of Salvia miltiorrhiza seed root segments after 6 months cold storage at 4 °C in dark under different media
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Note: JZ1 is the root section preserved by the sand storage method, JZ2 is the root section preserved by the matrix method, and JZ3 is

the root section preserved by the plastic bag sealing method.
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Fig. 3 Germination status of four types of Salvia miltiorrhiza seed roots cultivated for 30 days in culture boxes
following storage at 4°C for different durations

A :A:d <5 mm.L 5~7 cm; B: d 5~10 mm.L 5~7cm;C: d 5~10 mm.L 5~7 cm;D: d >10 mm.L 5~7 cm. 6,9,12 %3537~ 4 °C{{-1F
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Note: A:d <5 mm.L 5~7 cm; B: d 5~10 mm.L 5~7cm; C: d 5~10 mm.L 5~7 cm; D: d >10 mm.L 5~7 cm. 6, 9 and 12 were stored at
4 °C for 6 months, 9 months and 12 months respectively. The germinating box with blue border in the lower left corner was the germinating
condition of B-type roots after 6 months at room temperature, and it was used as the control.
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Fig. 4 Growth performance of four types of Salvia miltiorrhiza seed roots after 30 days of cultivation following storage
at 4°C for different durations

¥ :A:d <5 mm.L 5~7 cm; B:d 5~10 mm.L 5~7 cm; C:d 5~10 mm.L5~7 cm; D:d > 10 mm.L5~7 cm. 6,9,12 53|37 4 °CHR-AT 64>
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Note: A:d <5 mm.L5~7 cm; B: d 5~10 mm.L 5~7 ¢m; C:d 5~10 mm.L5~7 cm; D:d >10 mm.L 5~7 ¢m.6,9 and 12 were stored at 4 °C
for 6 months,9 months and 12 months respectively. The germinating box with blue border in the lower left corner was the germinating vigor
of B-type roots after 6 months at room temperature which was used as the control.
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Table 1 Germination rates of four types of S. miltiorrhiza seed root segments under different preservation durations at 4 °C

B/ (4F-H) ftE K/ A o
Germination rate
Time Preservation duration
A B C D
2020405 H 6 78.3%+1.3 a 98.33%+0.8 a 100.00% a 100.00% a
2020408 H 9 50.00%=+0.5 b 90.00%+0.8 a 96.67%+0.7 a 90.00%=0.5 a
2020411 H 12 0.00 ¢ 58.34%+0.8 b 55.56%+0.6 b 69.45%+0.5b

TE  ANF/ING - RER R b B ] 2 57 92 (P<0.05)

Note: Different lowercase letters indicate significant differences among treatments (P<0.05).
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Fig. 5 Different storage durations at 4 °C on viability of Salvia miltiorrhiza calli
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Note: YS-0, 6, 9 and 12 are stored at 4 °C for 0, 6, 9 and 12 months respectively. A is the preserved callus, B is the bud growth of callus
transferred to bud medium at 30 d.
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