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Drought resistance identification and drought resistance index
selection of Salvia miltiorrhiza during germination
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(1. College of Agriculture, Henan Agricultural University, Zhengzhow, Henan 450046, China;
2. Xinxiang Academy of Agricultural Sciences, Xinxiang, Henan 453000, China;
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Abstract; To compare the drought resistance of different Salvia miltiorrhiza cultivar types and select drought-
resistant varieties, five Salvia miltirrohiza cultivar types were treated with different concentrations (0%, 3%, 6%,
9%, 12% ) of PEG-6000 at germination stage to simulate drought stress. The germination potential, germination
rate, cotyledon length, cotyledon width, radicle length and radicle length were measured. Principal component a-
nalysis and membership function analysis were used for identification of drought resistance and selection of drought
resistance indexes at the germination stage of Salvia miltiorrhiza. The results showed that high concentration of PEG
had an obvious inhibitory effect on seed germination, and low concentration (3% PEG-6000) treatment had a pro-
moting effect on the growth and development of Salvia miltiorrhiza seeds. Among the five cultivation types of Salvia
miltiorrhiza, Yu dan shen VD had the highest germination rate (0% PEG-6000) and germination potential (3%
PEG-6000) , which were 56.50% and 55.50%, respectively. Yu dan shen VC, Yu dan shen VD and Yu dan shen
VE had the lowest germination rate under 12% PEG-6000, which was only 0%. With the increase of PEG stress,
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the germination potential, germination rate, germ length, radicle length, cotyledon length, cotyledon width, ten
bud weight, germination index and vigor index showed a trend of first increasing and then decreasing. Principal
component analysis was carried out for each indicator. The first two principal components summarized 82.635% of
the data information of nine indicators. Factor analysis was carried out for the relative values of eight comprehensive
indicators with large feature vectors in the first two principal components. The 9% PEG-6000 concentration was a
more suitable one for drought resistance identification. According to the comprehensive membership function value,
the order of drought resistance of five tested materials was obtained; Yu Danshen VE>Yu Danshen VC>Yu Danshen
VB>Yu Danshen VD>Yu Danshen VA. The comprehensive membership function values were 0.071, 0.068, 0.054,
0.043, 0.028. Yu dan shen VE had strong drought resistance. Yu dan shen VC had the second strongest drought re-
sistance. Yu dan shen VD and Yu dan shen VA had weaker drought resistance. Cotyledon length, cotyledon width,

vitality index, ten bud weight and germination index should be used as drought resistance identification indexes.

Keywords: Salvia miltiorrhiza; drought resistance identification; germination period; osmotic stress; drought

resistance index screening
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Table 1 Tested material

45 Code %} Material

Sk Origin

FEARMAR Basic traits

BIZ VA
Yu dan shen VA

%J1% VB
Yu dan shen VB

BIIZ ve
Yu dan shen VC

#BJ1% VD
Yu dan shen VD

%1% VE
Yu dan shen VE

TR
Song County,
Henan

TR 2 B
Song County,
Henan

PRGN
Mianchi County,
Henan

TH] R I Tt
Mianchi County,
Henan

T T
Mianchi County,
Henan

PREVESL R, 2Rk RBRAD /N IREk G 50 BT it B A R,
AR TS IR SRR 2~ 7 A, ARURALE, MR TR 135
00 g, FHBR B &1 4.30% , B SIS & 7 0.55%,

Plants erect, tall and compact. Stem green, lessvillous, leaflets dark green, obovate,
thick and shiny, surface shriveled, margin circular serrate. The number of branches
per plant is 2~7. The root is vermilion. The dry weight of the root per plant is 135.00
g, the content of salvianolic acid B is 4.30%, and the content of total tanshinone is

0.55%.

PREVESL R B, ek /N IREEBENE VA OLEE, i a4, i
BT o BRI 2~5 A, RELLE, FMART HE 113.00 g, FHERZ B &4t
4.34% , BSHZH 0.41%

Plants erect, tall and compact. Stem green, leaflets dark green, lanceolate and
glossy , surfaceshriveled and flat. The number of branches per plant is 2~5. The root is
brick-red. The dry weight of the root per plant is 113.00 g, the content of salvianolic
acid B is 4.34% , and the content of total tanshinone is 0.41%.

PREVERATL, 222 e, RBED NS EHEDE A g 5% it
WARECN L, BRI B 2~4 >, RFFLLG, AR TEN 94.00 g, JH8)
R B & H 3.27%, BB S 7 0.37%.

Plants loose. Stem mostly green, less pubescence. Leaflets green and lanceolate, oc-
casionally margin purple, surface significantly shriveled. The number of branches per
plant is 2~4. The root is brick-red. The dry weight of the root per plantis 94.00 g,
the content of salvianolic acid B is 3.27%, andthe content of total tanshinone is

0.37%.

MREVESE RRREE, 2RO WRET /N TRGOE IR LS4 D6,
W AR , ISR IR A IR R, MRS G, BRI AR 3~ 5 4>, RS
L ROAE, FHHRHARTEN 82.00 g, FHHF B it 4.88% , S-S H & &
0.42%

Plants erect, tall and compact. Stem purple, long villous, leaflets dark green, obo-
vate, thick and shiny, surface slightly shriveled, margin crenate, dark purple, peti-
oles purple. The number of branches per plant is 3~5. The number of lateral roots is
large.The root is vermilion. The dry weight of the root per plant is 82.00 g. The con-
tent of salvianolic acid B is 4.88% , andthe content of total tanshinone is 0.42%.

BRBLHER , 22 s, FEBED /N sk G B R |, i Fr mg G i . EAkk
PR 3~5 A ARILLE, THIAMART H 5 70.00 g, JIBIR B & 1k4.59%,
BB R 0.57%.

Plants tufted. Stem green, less villous, leaflets light green, obovate, surface slightly
shriveled. The number of branches per plant is 3~5. The root is orange—red. The dry
weight of the root per plant is 70.00 g. The content of salvianolic acid B is 4.59%,
andthe content oftotal tanshinone is 0.57%.
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Table 2 Main morphological growth indexes of S. miltiorrhiza under different drought stress

AR Jren RHER/ P KEH% WEFR/mm R/ em FIHR/mm FHSE/mm 2R mg BUEIEEL TETIHEEL
Cultivar Germination ~ Germination Germ Radicle Cotyledon Cotyledon Ten bud ~ Germination Vitality
Treatment . . . . .
type rate potential length length length width weight index index

0% 32.00+0.05¢ 25.33+0.05b 5.71+1.89a  5.59+2.12a 4.71x1.29a  4.81+1.10a  110+6.18a  22.82+1.92a 127.59+5.72a
3% 4733+£0.04a 38.67+0.06a 2.17+0.55c 4.52+1.36b  4.77+0.85a  5.10+0.95a  80+3.30b  22.82+1.53a 103.06+6.03b
A 6% 44.00+£0.05ab 33.33+0.06ab 3.45+1.38b  4.11+096b  4.54+09la 4.25+1.40b  140+4.88a 19.95+2.14b 82.05+5.11¢
9% 34.67+0.09bc 27.33+0.09ab 2.33+0.45¢  3.36+1.27c  3.77£0.71b  3.67x0.83c  80+4.37b  15.75+2.06c 52.93+4.02d
12% 12.00+0.06d  8.67+£0.06c  2.17+0.67c  151£0.69d  3.56+£0.72b  3.26+0.96c  60+5.36b  4.86+1.49d  7.32+0.84e
0% 34.00+0.12a 29.33+0.08abc 7.88+2.50a  3.67+1.26b 4.77+1.13a  4.26+1.06b  100+3.44b  17.35+1.25¢ 63.68+3.68b
3% 41.33£0.08a 36.67+0.10ab 2.69+0.55b  4.44+1.46a  5.13+0.99a  5.23+1.06a  170+3.82a  21.38+2.03b 95.01+5.14a
B 6% 28.00+0.09b 22.00+0.09bc 2.27+0.50bc  2.95+1.26c  4.11+1.05b 3.95+£1.05bc  80+2.32b  13.73+1.54d 40.55+4.09¢
9% 4733£0.10a  42.00£0.07a 2.03+0.36d  2.77+1.17¢  3.87+0.70b  3.52+0.83c = 90+2.62.b  23.33+x1.37a 64.71+3.13b
12% 32.00+0.09a 16.67+0.08c  1.85+0.26d  1.57+1.07d  3.15£049c  2.68+045d  70+5.01b  12.37+25le 19.43+1.22d
0% 13.00£0.07b  12.50+0.06c 7.03+2.70ab  2.60+0.69b  4.57+0.5la  4.32+0.61b  150+32la  6.92+0.82b  17.98+2.53b
3% 26.50+0.03a 27.50+0.05a 8.64+1.65a 4.16x1.72a 524+0.7la  5.30£1.05a  170+5.79b  14.25+1.33a 59.33+3.43a
C 6% 15.00+0.06b 16.00+0.03bc  6.59+1.06b  1.68+£0.67b  3.60+£0.64b  3.26+0.84c ~ 110£4.35¢  7.56+1.35b  12.67+2.52¢
9% 25.00+0.07a 23.50+0.06ab 5.32+1.00b  1.55+0.53b  3.60+0.67b  3.28+0.64c  70+3.52d  11.94+1.62a 18.51x1.65b
12% 0.00+0.00c  0.00+0.00d  0.00+0.00c ~ 0.00+0.00b  0.00£0.00c ~ 0.00+0.00d  0.00+0.00e  0.00+0.00c  0.00+0.00d
0% 56.50+0.18a 54.00+0.09a 6.25+0.88a  2.94+0.82b  4.03+0.49b  4.23+0.37b  100+4.64b  31.97+3.46a 93.92+3.19b
3% 52.50+0.03a 55.50+0.03a 5.94+0.75a  3.99+0.84a 5.33+0.66a 5.34+0.65a  160+4.03a  30.99+2.48a 123.57+5.48a
D 6% 52.50+0.08a 52.00+0.05a 6.92+0.87a  4.10x1.12a 4.59+0.96ab 4.52+1.11ab  120+6.88a  27.86+3.07b 114.24+3.72a
9% 35.50+0.08b 27.50+0.04b  6.49+£0.37a  1.26+0.32¢ 4.57+0.74ab 4.06+£0.60ab  100+4.19b  14.62+2.46¢c 18.46+2.24¢
12% 0.00+0.00c  0.00+0.00c  0.00+0.00c  0.00+0.00d  0.00£0.00c  0.00£0.00c  0.00£0.00c ~ 0.00£0.00d  0.00+0.00d
0% 9.00+0.04c  8.00+0.03c  7.43+2.15a  1.94+046b  4.43+0.53a 3.75+0.88a  130£5.65a  3.88+0.28c  7.52+1.12¢
3% 14.00+0.03a  14.50+0.02a  7.85+2.56a  3.39+0.87a  5.06+1.43a  5.13+1.35a  150+4.34a  8.92+143a 30.21+3.73a
E 6% 12.00+0.07b  11.50+0.08b  8.89+3.00a  3.10+1.59a  5.04+0.8la 4.42+0.67a  160+4.28a  4.95+0.79b 15.35+1.91b
9% 12.50+0.07ab  8.50+0.06b ~ 8.26+1.36a  1.61+0.53b  4.44+0.79a  4.45+120a  110£3.47b  3.81+0.74c  6.14+1.0lc
12% 0.00+£0.00d  0.00+0.00d  0.00£0.00b  0.00£0.00c  0.00£0.00b  0.00£0.00b  0.00+0.00c ~ 0.00+0.00d  0.00+0.00d

TE AF/NG FRFR PSR R ) 22 57 3% (P<0.05)

Note: The different lowercase letters indicate the significant difference (P<0.05).
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Table 3  Relative values of main morphological indexes of S. miltiorrhiza under different drought stress

AT fb SRR R EZFE K JIEAR LIRS e TR OBIRIEE EER
Cultivar Germination Germination Germ Radicle Cotyledon  Cotyledon Ten bud  Germination  Vitality
type Treatment rate potential length length length width weight index index

3% 1.479 1.526 0.381 0.808 1.012 1.061 0.691 1.000 0.808
A 6% 1.375 1.316 0.604 0.736 0.963 0.884 1.180 0.931 0.685
9% 1.083 1.079 0.409 0.601 0.800 0.765 0.700 0.987 0.593
12% 0.375 0.342 0.380 0.269 0.755 0.677 0.479 0.570 0.153
3% 1.216 1.216 1.250 0.341 1.211 1.074 1.229 1.667 0.822
B 6% 0.824 0.824 0.750 0.288 0.805 0.861 0.928 0.823 0.859
9% 1.392 1.392 1.432 0.258 0.756 0.810 0.827 0.875 1.391
12% 0.941 0.941 0.568 0.235 0.428 0.660 0.630 0.653 1.949
3% 2.038 2.200 1.228 1.601 1.146 1.228 1.132 2.061 1.458
C 6% 1.154 1.280 0.937 0.644 0.789 0.755 0.765 1.094 1.300
9% 1.923 1.880 0.756 0.596 0.789 0.760 0.451 1.727 1.306
12% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3% 0.929 1.028 0.949 1.357 1.324 1.262 1.638 0.969 1.169
D 6% 0.929 0.963 1.108 1.396 1.141 1.069 1.218 0.871 0.760
9% 0.628 1.170 1.038 0.430 1.136 0.959 0.968 0.457 1.030
12% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3% 1.556 1.813 1.057 1.748 1.144 1.367 1.159 2.298 1.523
E 6% 1.333 1.438 1.196 1.600 1.138 1.177 1.238 1.276 0.988
9% 1.389 1.063 1.112 0.832 1.002 1.185 0.899 0.981 1.059
12% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 4 Results of principal components analysis

Ei=27N FH{E[a] & Eigenvector

Index 551 ERY Prin 1 55 2 FSY Prin 2
& 23 Germination rate -0.621 -0.474
% ZE3 Germination potential 0.713 -0.654
WRZEK: Germ length 0.789 -0.511
JEME K Radicle length 0.098 0.789
TR Cotyledon length 0.868 0.055
S 55 Cotyledon width 0.713 0.625
+2EH Ten bud weight 0.807 0.468
i & #5850 Germination index 0.508 0.713
1% J138 8L Vitality index 0.818 -0.540
LNEAR Characteristic root 5.214 3.050
iRk % Contribution rate/% 52.136 30.499
BT R 52.136 82.635

Cumulative contribution rate/%

x5 BERETFRE SFERFREHKE
Table 5 Factor loading, characteristic root, and

contribution rate of each comprehensive index

€2 K F# A7 Factor loading
Index F1 F2

K ZEH Germination potential -0.058 0.391
EZEK Germ length 0.107 0.125
MR Radicle length 0.191 0.066
F I Cotyledon length 0.312 -0.150
FI5E Cotyledon width 0.252 -0.003
T ZEH Ten bud weight 0.292 -0.142
B & 3558 Germination index 0.002 0.318
76 1388 Vitality index -0.165 0.415
FFAEMR Characteristic root 4.300 1.720
Bk Contribution rate/% 53.745 21.495

75 S R B E N 64.01% ~ 134.39% , 16 WA B 5% 32
WSR2 R T, BA B MARERMN, Dits
WE22 REOR T HE , SRS 45 048 A5 1 51w ok S0 (E
ZARBRBIE (DY), Ga Mok, W%k
AP E i, 2 B, AR LE A R
BAE T3PS hU R SRS E.C B D A, H
Ly S Jm BB 3 ) M :0.071 ,0.068 ,0.054 ,0.043
0.028, B4H] E Fl C HrERE ST AN 88 , A BT HE
WAL RS EEE R

3 3 8

B R EAR Y AR K kB R AR B B, A A A X
— B H e 25 ) 32 B A% s 1 3 3 % 3 3 5 e
M) 1 1 R AR R P R T 4 H SR A 1 80, B 5 T
PR, T DAAE B & A A R R T R
H DX Aol AR e B B L, M PR s
— R T RS B AW TR 2 R
HA IR 2 e 1B Vi TR 2 28 1) vk T
AIEAE FROE, i G TE B A D P B K
(R) WPrEE, Bart s WHR Z i Fh 1 1E i &
WIHATPU R E R BT B, AWFIERA 5 Ak
BEE) PEG—-6000 ¥ % P2 0 & BP0 S35 17 2
BT AR & 25 6 RIXT 25 B A 19 43 35 R A% DR 9%
VERFHS 00 KB Rk 55 5 138 B PEG VR, BF
TR, BB PEG X Fh-5 & 7™ A5 B i B il 4
H, BLAFRARXTE 8 e i i A — 3K, X 5 487k

&6 9% PEG-6000 K ER &M EHEXIERRE RHE
Table 6 Membership function values of drought resistance indexes at 9% PEG-6000

s - - ae . ” e e o LGRS RBUA
REON  ROPR ORR BOFKBRK TOHE TR CPER B s Al
Cultivar ~ GerminationGermination ~ Germ Radicle  Cotyledon Cotyledon  Ten bud Germination Vitality prenens

t t tential  length  length  length idth it ind ind membership - Sort

ype rate potentia eng eng eng wi weig] index index function value

A 0.046 0.002 0.000 0.083 0.008 0.001 0.045 0.067 0.000 0.028 5

B 0.077 0.037 0.144 0.000 0.000 0.008 0.068 0.053 0.102 0.054 3

C 0.131 0.092 0.049 0.082 0.006 0.000 0.000 0.161 0.092 0.068 2

D 0.000 0.012 0.089 0.042 0.065 0.033 0.094 0.000 0.056 0.043 4

E 0.077 0.000 0.099 0.140 0.042 0.071 0.081 0.067 0.060 0.071 1
Y Mean 0.066 0.028 0.076 0.069 0.024 0.023 0.058 0.070 0.062 0.066
brifii2E
Standard 0.048 0.038 0.054 0.052 0.028 0.030 0.037 0.058 0.040 0.048
deviation
R R
Coefficient 72.49% 134.39% 71.47% 75.09% 117.46% 133.03% 64.01% 83.53% 64.49% 72.49%

of variation

SRAENST XTI AR AR RS AT
—3, 12% PEG-6000 T C.D fl E F 1 & 2% Ky
0, AT RESE KA PSP 1E B KA 2 PR WK DA AR
UEH & s K 41, 1 i (432 32 JBir 38 300 i b K

NI SEOLT %, (R IE R PEG i (3% 54
6% ) AR5 404 55 JH P2 R T W R B AR
BT S R R (10% ,209% )
PEG—-6000 4 1| /NS Bl T %, 3 0 4 i 41 5
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EISARI S PR E UV LIRS CE Y INE I FE Al b 25

R AERA —ERHFEEHN R 3%, 5 EE
PR ) PEG ALHAA A T2 SR Tl &
FMRIE P R 4518 — 3, 3R 6 48R TE 9%
PEG-6000 138 & pREU(E 1748 5 RECR /Al 1, &
R I T SE R AR B R A N 134.39%
117.46%F1133.03% , & B 33X 3 A48 brxf 1 52 il ae 2
IVEE

YEAEY PR ERR T BB A 1E M F8 b
Ab A B E S T, SRR R BOA M RE T
BRAN AR b 48 5 Fe 19 7 T e, ST il i A (b
BT R AT, 3 A 2 B AT DL AR AR R
JFA G BB HTHE T, 2 4400 24 BRI 4R b
AL RILA G debn . AR E L A A SR
J& PREGE S 207 Tk 2P 45 A T B E AE iR |
WG R A7 e S b R %
FETZIE M, BRI RS o TR 9 A
THEAREFAL AL 2 4> FE 7, e O AR fiE ) J K
(1) 8 Nahs , #E— L AT R o007, SRR TE 2 A
T EABKEM Y 6 M T8 R VE N bt 7 % 6 15
Bro B TR bRZ R BT AL AR, BB 25 5 A
SR PRI T BRAS [R]48 A ) A, 19 25 57, e J AT
R SR m R BT ALK 5 PSR ST R R
S, G 1 BT R SR AR B, TR AR SRS
N R B R S R 1) S R AR A R SR R
ZERCRREE E 5K 7 AR 38 3 A e BTk A
BEEA SRR B VI T MR (BT R M 0
RAGE R ZFRE TG IR E B IR SRR IR K
V-5 Ry NEE = N N [ W R A AR
LU FEARAN R 1 BE S RO BIFSE A RN TR, R,
A A = SEBR TR R XA [F] 24 F A 9 JF J 7 0
KT S0 (0 T SR 0 O O i A R, X 4E S
W 2R A R T R R LR,

4zt B

ARG R F SR 8 pR B0 45 A AT BT
PURELE TR I RN 5 A PSR 2R K i
PURMEIAT TGP, B T 9% PEG-6000
NPFB R TR LB R PRV (0 0E TR T, USRS
SR R BUE A TEM Fa AR R 1 5 A FFS R BT
BN B STS VESB TS VOSBRSS VB>B S
VD>#% S VA, Hoh %5425 VE Fig 12 Ve ik
WP R AR, nIE PSP R E AT
WSS S A BT, 38 2 3 B 43 4 M A 56 1 43 A
ik B M Y O S L 7 W A - I -
ORI S48 B 20 & BT R e Fa A
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