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Effects of storage conditions on seed germination and seedling
physiological characteristics of Isatis indigotica Fort.
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Abstract: [ Objective] To investigate the effects of storage conditions on seed germination and seedling physiological
characteristics of Isatis indigotica Fort, and to investigatehe changes of germination capacity and physiological character-
istics during storage were investigated to provide theoretical and technical basis for scientific storage and efficient utiliza-
tion of 1. indigotica seeds. [Method] The seeds before storage as control (CK) , designed with four storage conditions: C
was natural dry storage at room temperature(20-25 °C) ,CG was natural normal temperature storage(20-25 °C) with silica
gel, D was low temperature storage (0-4 °C) and DG was low temperature storage (0-4 °C) with silica gel. Sample seeds
for analyses were taken after 0,90, 180 and 270 days of storage. to determine the germination rate, germination vigor and
germination index of seed. Seedlings were grown from the stored seed samples and their capacity for osmotic regulation,
their enzyme activities of the enzymatic antioxidant system, malondialdehyde (MDA) content and other indicators mea-
sured. The correlations between these measured indicators were determined and analyzed. [Result] The germination rate,
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germination vigor and germination index of /. indigotica seeds decreased with the extension of storage time. By the end of
stora-ge, the percentage germination rate of C, CG, D, and DG significantly decreased by 26.50%, 14.53%, 31.63%, and
27.35%, respectively, compared with CK (P<0.05, the same below). The germination vigor decreased by 14.28%,3.06%,
22.44%, and 23.47%, respectively. The germination index also significantly decreased by 32.31%,23.28%, 38.90%, and
45.33%, respectively. The indexes under the CG condition were higher than under the other storage conditions. The enzy-
matic antioxidant system gradually lost its activity , which was manifested as a gradual decrease in SOD, an initial rise then
fall in POD and CAT, with a significant decrease in MDA in the early stage, followed by a gentle decrease in the later sta-
ges. Soluble sugar content appeared to decrease first and then increase, while soluble protein consistently decreased. Corre-
lation analysis results showed that germination characteristics of seeds were positively correlated with the antioxidant en-
zyme system and storage substances of seedling, but had no significant correlation with MDA content (P>0.05). During
the whole storage period, the correlation between seed germination and SOD and CAT activities was the highest. [ Conclu-
sion] The most suitable storage condition for I. indigotica seeds is 1: 1 mixed with silica gel at 20-25 °C. The activities of
SOD and CAT can be used as an relaiable indicator of the vitality of /. indigotica seeds.

Key words: Isatis indigotica Fort. ; storage; seed germination; physiological characteristics
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Project (2016-A-02) ; Gansu Agricultural Science and Technology Innovation Project (2020GAAS12,2021GAAS30)

0 55

(B9 2 SC )b~ Ry — DA AR IR, TEAE )
AR AT SRR S B OCH R . R
SR PRUEEY R S O A S S TR
JOITE) B B A K B R R R B T g 5 M o 42
SR T2 R (XA, 2016) o AR F
T, BEE T ] 1 4 4, Fib -2 e AL, A 1
M R RE T [ R 2R 3 (CE B 5, 20185 4 /N5,
2019) & ZES CHIRESCAE, 2015) & 2R B (R B
45,2017) & TR Cle 4 5%, 20175 RERESE,2020)
&5 IR 2tk | [N BEE b5 R A2 AR iy A= 2
AR A A SR IR T AL R G AR A 1
5 o i A E Y R R AR — RIS L
(Ghive et al., 2007; Kaewnaree et al., 2011; Parkhey
et al.,2012) , NTTZ5 Al Az 7t o B R B 28 B 4 2k
(Groot et al.,2012) . {HAS[E]Fh 28 056 J5 0 & BE
TN TR B BT AR A AR 22 5, B H R 5 R
-2 AL B ENLIE M TCE 1S . F5 8K (Isantis indi-
gotica Fort.) N+ AEFHFS I @AY , A PRARTR N
BEAR, TR g R M, ZF o E ey, B AT
THIVIREE TR W 22 DA (CE 95 95 ,2020) . 7EAE™
RS R AT R BB SR, R TAR E R T AN
JC, AN I 22 s B AR | ™ B 5 e i
WA A B S s B, R, ISR IR AR
Xof P WA AW e S A A AR PR Y S e, R PRAIE L
2RI 7 i 5 i R H R S (R AR ST e ]
I NTESE 255 ( Zoysia japonica) (k1R 2 5% ,2000) |
£ 8 (Leymus chinensis) (5K 1% 55, 2012) | % % &
(Elymus dahuricus) (7K 5, 2016) Ji )& & (Se-

taria sphacelata) (AN AE, 2017 ) S Fp 1 2L 05T
TR B KRR F ARSI T I ~3 4R )5, HE )
SRR B FEA SR AN 5 AR A T I RS
% (Dactylis glomerata) ¥ 54F (3K 55, 2018) fl1 &5
75 W 18 [ Calocedrus formosana (Florin) Florin | Fj 1
150 d (B S, 202 DA PRIFES R O RR 16 11 5K
P25 (2019) WHFE R, B A BT 15 C KA
F122%FIEREFE15~20 C &KL T9.1%0Hf , 5
H R T ¥ [ Toona sinensis (A. Juss.) Roem. ] ff T
I OREE . WO G 2 = R m e R 25
TR 02 AU RE B AW, [R]E, Fh 7 B & AR i
XA S5 3 Bk ) e 5 PRSI, S EoRhE )
REEATG, Fh— PRt & A — R 9 A AR BRA AR RO (X1
25 .2016) . #8455 (202D HFFE R B, W A FP T %
O T v, IO S 3R AR 555 I R X 8 il 0 1 A (AR o
fi%, S B85 & e 1 T B X PILAF (2021) AP 5E 36
WY, e A AR B R v B R AR R
TR, FLR ZFRabn AR & & A L (O/L) (3 v & 11
HEASFEY TR, CTREMTIMR, T4k
F- B TR AR o R AR R A (RO AN E A,
2020; T SLAF, 2020 8 JRAT A, 2020) K 2% fiff 9 355
JifiE (5 s, 2013 ; B IR RURIGK MR HE , 2014 56 22
2175,2020,2021) S5 J5 11 o [AHFFEVIA ST HATA 5
T S5 A T A WA A 7R R L & R RRAE AR
R AR Ak T T (AT 5 i DL 3 o [ 400 A ke ) S e ]
) o B W5 AP AEASRIY A5 T 0 R e 1 54
AR ALRRE R AR, B TEAR R I IR
T 1A RO, SRS B A R I S
ORI RS AR .



44 EREF: REA AR AT 9 L A 4 v IR e + 1163 -

1 #MREFE
1.1 REH
B RN H O A R B Bk & 1 FE
WoBr i RLL13-5, 78 H &t rh B im i a0, #h
TRUE FH A B R4 3, A M 5L g % AR BT T
% Ho
1.2 REFHE
12,1 A-FReiiR gt WAt sc i, 5
FC: AR IR T (20~25 °C);CG: HIRE B
RATHE (20~25 C) ;D ARIREN#(0~4 °C) ;DG AL
TR TR AR (0~4 °C) o LAIFRERT A1 J X 8
(CK)., BHAF A A ES P HEARE TEN
ARG 238, e TR A5 A B S R %1 < 1
Eb 4815 A3 W8, PG L IR RE BT 0~4 CUKAR N
8K
1.2.2 MEI_AFETy %k
1.2.2. 1 #FRFH4m0E WGBS,
90, 180F1270 dHPH R FPIF AT 14 T i Fh - BEATLHL
H1S0KL, RN R3S, BT 25 ClEIRA it
TR ZFRS , Gt HOR 28 R 2R 24K
KR (%) =0 K T HU R 7 2 80< 100
R (%)= KEUR 2ERh B0/ A Fh - 5
%100
RETRE=X (G/D,)
Kb, GoM T IR] N & ZE T4, DR X R 1Y
KEHEHE
1.2.2.2 A#¥AHANE  KESERE, B
G P, FHUR AR K 4, TR R R S T
R KR, BT A BRAR AR A2 o SR SR ARk

%1 REREE ARG TR

I T PR B o SR U L € 3 0 AT i
P RO B 5 43 R FINBT G S5k | A B A i) i
0 B 7 I R A ) AL (SOD) it LAk
Ytz (POD ) sk 84k S i (CAT) I 1 5 SR AR 12
b Z- 2 (TBA) 350 % 5 % (MDA) 7% &t (4F Fr
2000)
1.3 Sitsh

K Fl Excel 2010 4% B 45 11540 Al il 141, SPSS
17.00 X9 £ s A 7530 o

2 HRES

2.1 MR EAFAIEF T & M R0

ML EH, 7EAFI#E Z& (C.CG . DA
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Table 1  Effects of different storage conditions on seed germination of 1. indigotica Fort.

It st ] (d) l8¢% L3

Storage time Storage condition

B A(%)

Germination rate

RZFH(%) V&R

Germination energy Germination index

0(CK) 78.00+0.04ab
90 C 77.33£0.06abc
CG 78.67+0.04a
D 79.33+0.01a
DG 77.33+0.04abc
180 C 62.67+0.08de
CG 67.33+0.08bcd
D 58.00+0.04de
DG 64.67+0.11de
270 C 57.33+0.04de
CG 66.67+0.05¢d
D 53.33+0.03¢
DG 56.67+0.08de

65.33+0.06ab 6.53+0.38a
72.00+0.05a 6.10+0.36ab
73.33+0.04a 6.49+0.38a
73.33+0.08a 6.56+0.77a
69.33+0.08ab 6.04+0.67ab
61.33+0.07abc 5.94+0.74ab
63.33+0.04abc 5.74+0.45ab
55.33+0.04bc 4.10+0.40cde
62.00+0.10abc 5.18+0.58bc
56.00+0.02bc 4.42+0.26cde
63.33+0.07abc 5.0140.47bcd
50.67+0.01c 3.99+0.36de
50.00+0.14c 3.57+1.24¢

[ISIECHE AN [l NG P B oR 22 53 .35 (P<0.05)

Different lowercase letters in the same column represented significant difference (P<0.05)
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Fig.1 Effects of different storage conditions on activity of
SOD,POD and CAT of I indigotica Fort. seedlings
FEIAE R[N S B R Rl I OB R I A 22 11 22 e (25
(P<0.05). 27015 3[]
Different lowercase letters on the column represented significant differen-
ces among storage conditions for the same storage days (P<0.05). The
same was applied in Fig.2 and Fig.3

CHICGEAMET , B I ] (2B K, 4 iy vl e
Wi R ETHE BRI AR (kg BLAEI 180 difFE
EHRAR, IS D&M 22 7k B E K EDAE T L AT
SPEREO R — T — R A (b 3 290 dif i
i, 180 dif Ik s AR, I 5 HABI B Ak R 22 5 B 3
Z I G T B, 7RIS 5 CG Ak A e i 22
St TEDGAE T, ol s M o B ) 52— T R A AR



433

EREAF R EAY T 3 K A4 W A A )R

+ 1165 -

2.00 - OCcC BCcG 0OD @DG
1.80 A
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20

0.00

MDA & £ (pmol/g) MDA content

0 90
M A% (d) Storage days

180 270
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Fig.2 Effects of different storage conditions on MDA content
of I. indigotica Fort. seedlings
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270 dJ , FpF B K R 5 SODIE 1 L CATIS PE
ALV PEBE O i R R IE A OG5 POD Y M
MDA % MRl & 0 A e . F itk
ALHL, PSRRI R R b, P B & et S R
TIHT A AV 2R G0 R I 28 DA G, 4 1 b
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I A DA e I -

020 1 @C ®WCG OD BEDG A
0.18
2 2 016
°c &
2 £ 014
3 3
— - 012
g
41 2 010
8o
i 5 0.08
@ = 0.6
F “ 0.04
0.02
0.00
0 90 180 270
M5 X< %5 (d) Storage days
EC BECG 0OD B DG B

0.35 -
0.30
0.25
0.20
0.15
0.10

A HEB (mg/g)
Soluble protein content

0.05

0.00

0 90
g R #(d) Storage days

180 270

B 3 REIIGES X A 4 E e e 2R
Fig.3 Effects of different storage conditions on storage subs-
tance contents of /. indigotica Fort. seedlings

3 g

R T (07 SR 0 T 00 e R T 3
KT o 4058 R Bk 58 4 B AT | B2
BRI B A G, FL0E 1 F W, i T i
TR (7 R, 2020) , FEASHEST R B WGP FAE
SRR PR | B2 I RGN ] 10 4 K, ARRIE TR S 1 R %
SRR SRR SRR CK IS W R W L 156 T

F 2 M0 d(HLE) K270 d(ET)FREFFEIEIREMEX SR
Table 2 Correlation analysis of indexes of 1. indigotica Fort. seeds at 0 day(top right) and 270 days(bottom left) of storage
T SOD  POD  CAT MDA  A[EfEME  FIEPEERR PR R R
Index i W W o ot o Germ-  Germ-  Germ-
SOD  POD CAT MDA Soluble Soluble protein  ination  ination  ination
activity activity activity content sugar content content rate energy index
SODiEE SOD activity 1.000 -0.634* -0.914** 0.746* -0.335 0.701* 0.892%*%  (0.616*  0.895%*
POD{f {4 POD activity 0.727*  1.000 0.266 0.042 0.941%* 0.107 0.154 0.218 0.226
CATYE M CAT activity 0.962%* 0.512 1.000 -0.952 -0.075 -0.930%* 0.655*%  0.882**  0.617*
MDA i MDA content 0.242  -0.490  0.498 1.000 0.377 0.998%** -0.255 -0.384 -0.415
AT PR & & Soluble sugar content 0.996%* 0.784* 0.935**  0.158 1.000 0.436 -0.803** -0.835%* -0.999**
PSR 175 5 Soluble protein content 0.225 0.832* -0.050 -0.891** 0.308 1.000 -0.887** -0.994%* -(.874**
% 4% Germination rate 0.849** 0.254 0.961**  0.319 0.800%** -0.325 1.000 0.933 0.827
4 Germination energy 0.993** 0.643  0.987**  0.353 0.980%** -0.110 0.904**  1.000 0.871
K& ZE48 % Germination index 0.899** 0.353  0.984**  (0.242 0.858%* -0.224 0.995%*  (0.944** 1.000

* TR IBE ML (P<0.05) , ** FR il 2 E A5 (P<0.01)

* represented significant correlation(P<0.05) , ** represented extremely significant correlation(P<0.01)
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