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Gibberellin Cooperating with Germination Medium to Promote the
Germination and Seedling Growth of Long-term Stored
Chinese Milk Vetch Seeds
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3. International College of Juncao Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian Province 350002, China)

Abstract: The low germination rate of long-term stored seed of Chinese milk vetch (Astragalus sinicus 1. ) is
an important factor limiting production, and exploring methods to promote the germination can improve their uti-
lization and productivity. In this study, Chinese milk vetch seeds stored for 17 years and 3 years were used as
materials. After soaking in distilled water (CK) and 400 mg-L. "' gibberellin (GA;(400)) solution, the seeds
were placed in different germination substrates, including paper bed (FZ), coconut coir (YK), and vermiculite
(ZS), and the germination rate and seedling growth were measured . GAj, germination substrate and the inter-
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action between the two treatments significantly promoted the germination and seedling growth of Chinese milk
vetch. Compared with CK, after soaking in GA,, the germination rate of seeds stored for 17 years and 3 years
was increased by 1.5 fold and 0.9 fold, the plant height increased by 42.6% and 72.5%, the primary root
length increased by 19. 1% and 45. 1%, the fresh weight of aboveground increased by 12.4% and 32. 3%, the
fresh weight of roots increased by 7.8% and 62. 8%, respectively. After soaking in GA,, for seeds stored for
17 years and 3 years, the plant height, main root length, and root fresh weight was significantly higher under
7S than under FZ and YK. Using the membership function method to comprehensively evaluate each treat-
ment, soaking seeds in GA; and planting in ZS was a suitable method to promote seed germination and seedling
growth of long-term stored seed of Chinese milk vetch.

Key words: LLong-term stored seed of Chinese milk vetch; GA4; Germination substrate ; Germination rate ; Seed-

ling growth
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Fig.1 Different storage years affected the color and viability
of seeds of Chinese milk vetch
P () AR PR 17 4 (17Y) FEGEC 3 48 (3Y) B F 7 3 (2 A2 4 5 B R
A 1 em; (D) fUFRH TTC Je i M2 I8 6 M B 5 (9 2835 I3 5 b5

H'5cm
Note: (a) The color changes of seeds stored for 17 years and 3 years.
Scale bar, 1 cm. (b) To determine the viability of dark-colored and

light-colored seeds with T'TC staining solution. Scale bar, 5 cm
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Table 1 The viability and the ratio of dark or light-colored Chinese milk vetch seeds with different storage years
- HEOHF Light-colored seeds TREHF Dark-colored seeds EK Whole
- PR N : - ; ;
The storage LR ER il AN AT RER LU MF4IE N MF4IE N
lime The ratio of light-colored seeds The ratio of viable seeds The ratio of dark-colored The ratio of viable seeds The ratio of viable seeds
among whole/ % among light-colored seeds/ % seeds among whole/ % among dark-colored seeds/ % among all seeds/ %
174 27£5 50+8 73£5 0£0 13.5x24
34 90+1 90+8 10+1 00 81.0x0.7

TE AR Ty AT L (06) = A2 I 0 B9 E G T L B X B R 7 L 1+ AR T 0 B TR G T LL ) < TR G T L

Note: The ratio of viable seeds among all seeds ( % )= The ratio of light-colored seeds among whole X The ratio of viable seeds among light-

colored seeds + The ratio of dark-colored seeds among whole X The ratio of viable seeds among dark-colored seeds

2.2 FREEMEFERMEZEGRMHHFLNZIE

T 6 AF BROGEFi  1) R 2 % s e (8] 2, 3%
2) o GA, KRB T 17 4R Fh 7 (07 2 & 2550
4.3%, W 3 4FFhF 17 ¥ & R N 40,7205 GA,
BRI L7 AR F S 38 R 2RO 10, 7%, 1
P 3 AR TP B R AR 79.1% 0 GAXS R 71
RAERBEABEFERH(E2,%2), 5GALER
AHEE IR S L IR 17 AF R 3 AR R 1Y Kk ZE R 45 )
WA LSO 95 (- 2) . GALARFE A, I
17 AE R R ZE YK RO ZS A L FZ R 3% 4%

ST 1SS AN 1. 74% s W 3 4R (O Fl 1, R A 7E YK
MZSH LR FZER 1. 245K 2a-b) . GA,
BRI 17 4R B 3AF IR T, YK, ZS il FZ 4b B
ZIE R E R IT R E R (K 2a-b),

2.3 AEBEMAFERMNEZEYEEKBZM

Hi 18 3 1R 2 /] LA Y, I3 AF B i L 2 AR
Kb B E A B E R, 5L 17 AR ) R A
L IV 3 AF Bl A A s L R ARG M S i TR 43 )
W19, 1%,19.4%,10. 6% (K 3, 2). GA,



07 I 4 T 3 5 R R 56 5 S 2 B 2 2487
a 17Y b 3y
T vz gm S W S B 200wz opm = e N
Fz YK A FZ YK A

L5
Germination rate/%

CK GA3(40)
B2 AEFERREMEFERMERKGEMEFRNZ N
Fig.2 GA,; and germination substrate affected the germination of the long term stored seed of Chinese milk vetch
TE:FZ-R A0 YK ZS-18 41 . CK,GA,(400) 43 5403 HIZE 1K F1 400 mg- L~ GA VRO I8 17 4F 51 3 4F (1 4% 25 36 i - E A7 8 il
a,b o AR I 17 4F 3 4F 58 SRl T B R 20 A8 . AN R]/ING TR AU AN [ b B ] 22 e . 3 (P<20. 05)
Note: FZ, YK and ZS represented that seeds were planted on paper bed, coir and vermiculite. CK and GA,(400) represented using distilled

Germination rate/%
(o)
S

O
(=]

(9%
(=]

0

water or 400 mg+ L~ GA, solution to soak seeds stored for 17 years or 3 years. (a) germination rate of seeds stored for 17 years; (b) germination

rate of seeds stored for 3 years. Different letters indicated significant differences (P<Z0. 05)
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WEFET YK ZS A HE T R & L FZ 43 5l 1.7
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GA;(400) 4 B R , YK F1 ZS 4b B R MR ff & % 1o
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CAT 3G L2 W42 7/ 7 40.7% M 133.7% , POD i
PR 5 B 5 T 64.3% F1.89. 3% , SOD §ifi P 43 5l $2
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32.7% M 8.2% o GA;AIZFHBF , XF F I 17 4 5%
SAEM T, CAT i MEA SOD 3 178 FZ, YK 1 ZS Ab
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Fig. 3 GA; and germination substrate affected the seedling growth of the long term stored seed of Chinese milk vetch

W FZ-K 4 YRR ZS-18 A . 17Y-CK,17Y-GA,(400),3Y-CK

,3Y-GA,(400) 435I
AERE AR SR S LR TR TIR AR . afCRAE GAL A ZFIL AT, 8 =4 A K 14d i 4

=2

FRMK AN 400 mg- LAY G AR XTI 8 17
FRiR B4 em. b,e,d,esr Bt g g

BRORR AR L TR AR B L ARG TR A b BRLE 22 S 3 (P<C0. 05)
Note: FZ, YK and ZS represented that seedling growth on paper bed, coir and vermiculite. 17Y-CK, 17Y-GA,(400), 3Y-CK, 3Y-GA,(400)

represented using distilled water or 400 mg+ L.~ ' GA, solution to soak seeds stored for 17 or 3 years; (a) Phenotype of seedling under different treat-

ments; Scale bar, 4 cm; (b) plant height; (¢) primary root length; (d) fresh weight of shoot; (e) fresh weight of root. Different letters indicated

significant differences (P<<0. 05)
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XF 6 AL BT 58 & e R Y K 2 AR R KRB
A FNA BRFE bR (5 A FEAT L5 A 5K Jm ok B HE T
SEHL R X 17 AR B Rl T A A B 25 A SRR
BOE B KRR N - GAL(400)-ZS™>GA,(400)-YK

>GA,(400)-FZ>CK-ZS™>CK-FZ>CK-YK ; % It
F 3 A 1 Bl T, 45 Ak BRI 25 A SR JE BUIE 19 KMk
H GA, (400) -ZS™>GA, (400) -YK>CK-FZ>CK-
YK>CK-ZS>GA,(400)-FZ, %4415 B4

T BIRIE AR PR R, 48 GAL(400)-ZS 4b P Y 25
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Fig.4 GA, and germination substrate affected the chloro-
phyll content of seedling of Chinese milk vetch
U FZ- R 2P0 YK-BBBE ; ZS-18 47 . 17Y-CK, 17Y-GA,(400),3Y -
CK,3Y-GA(400) 43 148 2 FHZ 1 /K A1 400 mg- Ll GAL ¥ I X
WP 17 4R B 3 AR K S Fh T HEAT R A . R RN F AR A

Ak B i 2% 5 1 % (P<<0. 05)

Note: FZ, YK and ZS represented that seedling growth on paper
bed, coir and vermiculite. 17Y-CK, 17Y-GA,(400), 3Y-CK and
3Y-GA,(400) represented using distilled water or 400 mg+L ' GA,
solution to soak seeds stored for 17 years or 3 years. Different letters

indicated significant differences (P<<0.05)

BT R OF A A ORI AR BT R 2 R
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3.1 RBEEEMMRFERNEREBFMBFLM
HEERPFMm

E AL U i U-a o S T TR ST O
Foft 5 A IR ik A R A2 IR K g LR IR W TR

racifolium (Osbeck) Merr. )l 1) & 2§ 5 Fl & 2 3
52 A ) 3 A 2 A DG . ZEAR B SE I
1755 = B8RP 7 AR 06 ) R 258 3 10 35 I T P
AR BT (& 2) o 35 B0 b B3 7 3% B 4R R R R T
() % 25 BE 1 R4 E 4 i A K, ELAS R) O 25 6 A8 40 1
RZEIRAR E R IR E R AR GALRE
% 35 % T 40 M A S 22 K ik e 42 1 R AR A
FB W A, FT R AR A R ORI 0 R T &
PR A, H 400 mge L GAR RS i
HEREERIERHRMN K FRE 2, GA,RIZFM
Bf, YK FI ZS Kb 38R 28 = B BRFl g & 2F R i 3 s T
FZ;GABMIG TEFZ YK F ZS kb BER | 48 25 B
T 28 38 AT 0 35 25 5 (I 2) 5 3k ] R J& GALXT
iR s A my e R ] B S T YR ML ZS. 7E GA,
(400)-ZS AL FEF I8 17 4F A1 3 4F B B Fh & 25 R N
11.3% F181. 6% , P Fp I i 41 BR Fp 7 rh A5 A 3% )
TR R 13.5% FM81L.0% (F 1, 2), X EH
GA;(400) -ZS &b 3N A [6] I 6 48 BR h A A2 36 iy
PP IEARE & o GAL IR 25 35 o J H 52 AR G 4%
UK AR AR A A G A AR AR
ZS 5 GA L HAL MR B L (K 3,38 2), —
GAFT B B 7 R B , A2 F 7 0 & FUAR 25 0k K i
FER s 55 —Jr i, ZS W M PRk B AL B 4G
PRI A 20 2 ifr, bl v A= T

3.2 FEBRERERMMAFERMEZRYHEEY
A

A B bR SR T AR ) 1) T AR QLR B0 A R S
AABRIENRE S . M RIELSHEAN EER

x2 ZHESWMARARBRRENMAFERNERRGEMAFMOHEERNZMN

Table 2 Three factor analysis of the effects of GA; and germination substrate on the germination and seedling

growth of long stored Chinese milk vetch seeds

A P W BALK M ERREER MREEE gk %
T K Zf R . ; i > ) §
. L Plant Primary Fresh weight Fresh weight Chlorophyll ~ CAT POD SOD MDA
Factor Germination rate .
height  root length of shoot of root content
Y 0.000 0.000 0.000 0.004 0.509 0.000 0.006 0.210 0.928  0.089
GA, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.005
17 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.001  0.003
Y X GA, 0.000 0.000 0.005 0.008 0.000 0.035 0.002 0.237 0.090  0.046
Y X7 0.009 0.003 0.002 0.084 0.006 0.166 0.015 0.922 0.300  0.135
GA;XIZ 0.001 0.000 0.000 0.400 0.012 0.000 0.000 0.000 0.000  0.000
Y XGA;XIZ 0.008 0.002 0.000 0.198 0.043 0.083 0.000 0.021 0.781  0.130

TR PR IR R (Y) R R (GA,) B ZF I (JZ) W B 380 = PR 2R i 5 B Y P A

Note: The values in the table are the P-values of the storage time, gibberellin, germination substrate and interaction between the two or three factors
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Fig. 5
T FZ- R340 YR-BBME ; ZS-18 71 . 17Y-CK, 17Y-GA,(400),3Y-CK, 3Y-GA,(400) 43 4% 3 JHZE 18K 1 400 mg- L~ B9 GAL BRI 17 48
WSAFIE DI T AT E M . a,b, e, d AR EZ A CAT Ik  POD ¥ . SOD I 1R MDA & &t AR/ 5B AU A (7] b 2 ]
250 2. (P<<0.05)
Note: MDA content of seedling FZ, YK and ZS represented that seedling growth on paper bed, coir and vermiculite. 17Y-CK, 17Y-GA,(400),

GA, and germination substrate affected the antioxidant enzyme activity and

3Y-CK and 3Y-GA,(400) represented using distilled water or 400 mg+-L.~ ' GA, solutiontosoak seeds stored for 17 years or 3 years. (a) The
CAT activity; (b) The POD activity; (¢) The SOD activity; (d) The MDA content. Different letters indicated significant differences (P<<0. 05)
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o4y SR R R, R A A SRR G
BCA FIEAE R e S R RO A AOR R
EWIEMAERKEFRMEEZ MR . KB SOD,
CAT F1 POD 41 B i 1 Ak B A 22 48 ] ¥ BR ALK 9
T P R (ROS) A i 3608, 076 M iy,
A F) T 2 5 A 1A P A B, A A R R B R
B8 AN R 5% i), S R 0 R AR B SE R, Y
Tl I 6% 4E BR R L GAL(400) -ZS Ab B 1) 48 2 35 4 i
CAT,POD fl SOD i 1 & &1 (B 5) . HH ¥ 78 Fh 7
i i R0 41 A K B B W AR Bl A Sy s B AT
PR ROS K 7= A, 5y %o 4l i v mid S8 Ak #2005 o
I CEOR B 1 GAE T b BT A A I R 2R A sl
SEE YR N B B T R IEE A BT
AR R, ZS B AR K B A g

W AR A, BRI ROS 1Y A2 i, H. ZS BE W Fff
NH,",K",Cu*",Zn*" ,Mn*" %5 7, fEHE Y 4 K
St 1 R B 38 AR 7 43 J8 o R A AL (SOD il
CAT) B 4 Tt 51, ol HL 00 0 B S 4 o Rt
400 mg-L ' GA,F ZS W 2 #5538 o AR 2 A ) B
XUEE A FH sl /0 S AR 458 405 01 38 s B S AL B B R 4 2
T AR P9 B A 3BT A7 38 8 58 = ) R B g
WA, 5 GA,(4000-FZH [, GA, 400- YK I 25 14 5
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T 5 5 A7 458 40 R 1) TR AR AR . ARBIESE P G A,
B R BAR T 5 =984 MDA & & (& 5d) , £ W]
GAAE AR e 1 NG 1 E A, TR 1 20 B
(4 58 HE 1 L 1 40y 1 BR 8 35 17 T b A5
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Fig. 6 Comprehensive evaluation index of germination and

seedling growth of long stored seeds under different treatments
TR 17Y -0 17 AR B B 175 BY - I 3 AR B 10 FZ- R 25 4K 5 YK-
MR ZS 1847 CK, GAL(400) 43 5 A4 FH Z& 18K A1 400 mg- L 1K)
G AT WOR I 17 45 35006 3 4F 1) 5¢ = e b ¥ AT 3R D

Note: 17Y and 3Y represented seeds stored for 17 years or 3 years.
FZ, YK and ZS represented that seedling growth on paper bed, coir
and vermiculite. CK and GA4(400) represented using distilled water

or 400 mg+ L~ ' GA, solution to soak seeds
LA
4 HFip
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