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Cryopreservation Conditions of Carthamus tinctorius Seeds
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[Abstract] Objective: To study on the suitable cryopreservation conditions of Carthamus tinctorius
seeds. Method: The germination rate, relative conductivity, soluble sugar, soluble protein, and related enzyme
activities of C. tinctorius seeds, as well as the hydroxysafflor yellow A (HSYA) content in Carthami Flos after
storage and breeding for four months were detected under different temperature conditions (long-term storage,
medium-term storage, short-term storage, room temperature, and ultra-low temperature refrigerator) , different
water content (8.1%,6.6%,5.2%,and 3.9%) , and different storage time (2,4,6,8, 10 months). SPSS 20.0 was
used for statistical analysis. Result: During the storage for 10 months, the changing trend of the germination rate
of C. tinctorius seeds revealed that it was more suitable to store seeds with low water content at a lower
temperature. The differences in germination rate of seeds caused by storage temperature, seeds water content,
and storage time were statistically significant. After storage for 10 months, the germination rate was significantly

correlated with other detection indexes. Conclusion: The proper water content of C. tinctorius seeds in long-
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term and medium-term storage is 5.2% or 6.6%, and that in short-term and ultra-low temperature refrigerator is
3.9% or 5.2%. As revealed by the comparison results, the optimal storage conditions for C. tinctorius seeds were
long-term storage and water content of 5.2%, which resulted in the highest germination rate and content of
soluble sugar and soluble protein and the lowest relative conductivity after storage for 10 months. Additionally,

the content of hydroxy safflor yellow A (HSYA) in Carthami Flos obtained after breeding and regeneration for

four months was higher than that obtained after room temperature storage.
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Table 1 Grouped of Carthamus tinctorius seeds under different
temperature and water content
5 WORGELEE/PC EUKEE/% || S WROEEE/PC EKE/%
1 % i 3.9 11 6.6
2 5.2 12 8.1
3 6.6 13 -18+2 3.9
4 8.1 14 5.2
5 1542 3.9 15 6.6
6 5.2 16 8.1
7 6.6 17 -75+5 3.9
8 8.1 18 5.2
9 —442 3.9 19 6.6
10 5.2 20 8.1
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x2 FEAPHEZGHTLAEMFHEFE (n=4)
Table 2 Germination rate of Carthamus tinctorius seeds under different temperature and water content (n=4) %
s i
0H 21 41 61 8 1 10 A
1 90.5+1.91° 90.5+2.52° 89.0+1.15° 88.0+2.83" 85.5+3.42% 85.5+3.42°
2 90.5+1.63° 90.5+1.00° 91.0£2.00° 89.0+3.46" 88.0+1.63" 88.0£1.63"
3 89.5+1.00" 89.5+4.43% 91.5+3.42° 92.5£1.91° 90.5+1.91° 90.5+1.91°
4 89.0+2.58" 90.0+4.90° 90.0+2.83" 91.0+2.00° 91.0+1.15° 91.0+1.15°
5 90.5+1.91° 92.0+£3.27° 91.5+£2.52° 88.0+1.63° 89.0+4.76" 89.0+4.76"
6 90.5+1.63" 91.5+£3.42° 91.0+5.29° 87.0+7.39° 89.0+2.58" 89.0+2.58"
7 89.5+1.00" 90.0+1.63° 92.5£1.91° 94.0+3.65" 91.5+3.42° 91.5+£3.42°
8 89.0+2.58" 89.0+1.15% 91.5+5.00° 88.0+5.66" 89.5+3.00" 89.5+3.00"
9 90.5+1.91° 91.5+1.00° 89.5+3.42° 88.5+3.79° 87.5+2.52% 87.5£2.52%
10 90.5+1.63" 91.5+£3.42° 92.0+1.63° 91.5£5.97° 90.5+1.91° 90.5+1.91°
11 89.5+1.00" 89.0+3.46" 90.5+4.12° 91.5+1.00° 89.0+2.58" 89.0+£2.58%
12 89.0+2.58" 89.0+2.58" 90.0+5.89° 87.5+2.52° 85.5+2.52" 85.5+2.52°
13 90.5+1.91° 91.5+1.91° 89.5+3.79" 88.5+2.52° 88.0+1.63" 88.0+1.63°
14 90.5+1.63" 91.5+3.00° 91.5+6.81° 91.5+1.00° 92.0+2.83" 92.0+2.83°
15 89.5+1.00" 91.0+8.08" 90.5£1.91° 91.0+1.54" 90.0+2.31° 90.0+2.31%
16 89.0+2.58" 89.5+1.00" 87.5+1.91° 86.5+3.42° 87.0+1.54° 87.0+1.15
17 90.5+1.91° 92.0+£2.31° 91.0+4.16" 90.0+4.32° 90.0+2.83° 90.0+2.83"
18 90.5+1.63" 91.5+2.52° 90.5+5.51° 89.5+2.52° 88.5+7.72% 88.5+7.72%
19 89.5+1.00" 88.0+1.63" 87.5£1.91° 86.5£1.91° 86.0+3.65" 86.0+3.65"
20 89.0+2.58" 88.5+1.91° 88.0+1.63° 84.5+4.43% 84.0+2.83" 84.0+2.83"
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x3 ARBEMSKETLAEMFHENBESEG=

Table 3 Relative conductivity of Carthamus tinctorius seeds under

different temperatures and water content (n=4) %
A TR e 5 I T A % H e 46
G5
2A 4A 6H 8 H 104

1 41.0£5.46" 43.4£11.4° 40.7+4.43™ 30.4+3.00° 29.7+0.83°
2 37.743.26" 41.1+4.01° 35.8+6.68" 28.0+2.60° 27.9+0.69°
3 37.944.12° 39.3+5.64" 38.2+1.50° 29.2+1.67° 28.2+0.95™
4 37.846.92° 37.8+4.43" 38.5+233" 32.4+529° 31.6+0.89°
5 37.1£1.90° 39.4+4.43" 37.1£2.05° 28.6+4.47° 27.6+0.80"
6  40.3+2.03" 41.7+4.85" 40.2+3.24" 36.0+7.26" 28.6+3.28"
7 38.1+3.24% 383+6.21° 41.1£3.21° 29.4+2.58" 28.5+2.83"
8  39.8+4.05" 41.4+6.60° 34.0+2.77° 32.5+5.01° 29.3+1.84°
9 35.9+3.77" 36.3+4.79% 40.8+4.54° 32.5+6.07° 28.9£1.60"
10 37.3+3.25" 40.7+0.56° 36.9+3.46° 31.0+3.82° 28.1+0.77°
11 39.28+5.21" 42.8+5.80° 38.6£6.29" 30.3+3.08" 30.6+0.39"
12 39.7+2.27* 31.8+3.60° 31.7+1.90° 29.2+1.32° 29.3+0.69"
13 37.142.25" 34.3+3.68" 33.0£1.63* 27.7£0.55" 28.1£0.85"
14 37.4%5.76" 33.442.85" 29.2+13.90° 29.1+1.73" 26.1£0.60"
15 40.6+1.93" 35.2+4.92° 3524425 27.9+1.77" 27.6+1.40"
16 40.7+2.34" 33.746.28" 34.7+4.69" 26.9+2.76" 29.240.68"
17 36.6+4.78" 35.5+4.90° 32.6+5.20° 28.2+0.81° 27.8+0.49"
18 42.142.33" 38.1+3.35" 34.2+4.70° 29.3+2.16° 27.9+0.92°
19 40.2+1.59" 35.5+8.73" 45.2+2.40° 34.2+3.38" 29.6+1.75%

20 38.6+2.76" 36.7+5.60" 41.6+2.76" 30.7+1.64° 30.8+0.62°

0.09) , (19.332+0.12) , (19.036+0.15) , (18.938+
0.05) mg-g'. A UL, & 4LL0AERE 5L HSYA &5 53
7E 1.8% LA I, 35 5] 2020 4F ¢ P 48 N R 3G i E 24
WHIRHE (M EEEAE LT 1%, B1=10 mg-g') .

F‘wkgs.z%, 6.6% 1 £ £1 £ HSYA & & e £, 1%
193 mg-g' VA I ,HSYA & @AW IRA £ 2% £ 47,
T K B 8.1% 41 HSYA & & 5 15 20 41 2%
Tl
4 g

SPSS 20.0 A4 43 A1 £ AL TP A 6] b 0 B L 7
PIS AN (1D O AW 2% R A2 O 1 D0 N o SO ol
Wi R AT R AR T 20, WLAR 7. SR
TR B K R R A ) X R & 2 R ] A T AR
I 25 59 1 L AT G0 02 70 S5 WO v T 3 O R sF
) X - R LS R 25 S LA ST R L B K
itV S ] 6F R T R ) 22 R B 7@%#“
B

SPSS 20.0 4K ' 4b $H It 5
s 119 AH O 72 B3O8 B L 3% 8.

104~ H J&g 74> Wi 48
Pl F 76 N [R) I 96 4% 14

x4 TRABEMSKETLAEMFHATREERESH (=0

Table 4  Soluble sugar content of Carthamus tinctorius seeds

under different temperature and water content (n=4) mg-g’
N TRV R T[] T P
ErRe
21 41 61 8 A 101

1 10.9+0.36®  9.9£0.73" 8.9+0.27° 9.8+1.14* 11.1%0.37"
2 11.6£0.91"  10.1+£0.49* 9.0£0.32" 9.9+1.00" 10.7+0.22"
3 102+0.66° 10.2+0.72" 8.140.24° 9.6+£0.96" 12.1+0.93"

4 10.5£1.50"  9.9£0.24° 8.5+0.11" 8.9£0.82° 10.9+1.51°

5 11.3%0.97*°  9.9+0.29" 9.2+£1.05° 8.2+1.19*° 10.4+0.23"
6 10.9+0.83*  9.8+£0.37° 8.8+0.11" 10.2+£0.76* 11.0+0.63"
7 10.0£0.62°  9.5:1.06" 8.4£0.36" 8.9+0.95" 11.3+0.74"

8  11.2+0.76" 10.1x0.89" 9.1£0.44" 7.5+1.16° 10.9£0.60®
9 11.0£0.89"  9.3£0.51" 9.1£0.32° 9.3£1.00° 10.5+0.45"
10 12.7£0.89° 11.2£0.38" 8.3+0.31° 8.6£0.81° 12.2+1.38"
11 10.8+0.69° 10.7+0.78" 8.2+0.19" 10.3+2.69* 11.2+0.94°
12 9.9+1.17°  10.7+0.86* 8.4+0.11° 9.6+0.80° 10.3+0.44°
13 12.6+0.81°  9.7+0.51* 9.2+0.26" 9.5+0.54° 11.5+0.88"
14 10.1£0.87°  9.9+£0.94 9.6+0.19" 11.2+0.86" 12.5+0.29"
15 10.3+1.27° 10.1+0.55" 9.0+0.48" 8.3+1.18° 12.0+0.63™
16  10.0£1.44>  9.3+1.20° 9.0+0.21° 9.3+0.85" 10.3+0.47°
17 9.7£0.98" 10.6£0.31° 8.7+0.55" 9.5+£0.85" 11.3+0.75"
18  9.9+1.19° 10.3£0.47° 9.0+0.23" 10.2+£1.07° 10.9+1.79"
19 9.3+0.71" 10.5£0.89° 8.4£0.03" 10.0£1.37° 10.7+0.35"

20 8.2+1.24°  9.2+1.03" 8.8+0.51° 8.1+1.12° 10.5+1.57°

TLRFREGH RIS R B E MM, 5
BRI MEEE FR CAT 36 1 2 0% 0 2 IEAH G, 5 SOD
TP A S ORURE OG5 AR R 3R 5 SOD T %, POD
TG M S I 2 LA OG5 AT U M AR 1 S A A
O ATV PERE TV MR B 1 B CAT TR P AH B 2 0 3
IEAHSEOE R, SOD I 1 5 Al ¥ 1 A 1 42 W 3 1ok oG,
POD 5 il i PR 1 52 3 B AH G
N AN TR BE L K B IE 10 4 H S AT 44>
F2 G T8 AR AT L o3 BT (PCA) 3 By, B 4 Ak
HESBNIAERSN BRI T ETERER
73.354%, WK 9. MF 100140, I A kK
B AT EREE S — N E AR E R frEk . PCA
THEEER 210 AN K BE 5.2%,6.6%,
3.9% &K, R E 5.2%, 6.6% K & A
3.9%,5.2% &K, i 5.2% S KR AR 3.9%,
5.2% &K i AT RO — 2838 H LR R R, Horh
K 5.2% 5 7K a1 B dl H 4D A6 B F VR G R
8.1% T K B FP T 1] Ry — I I ANl A AR I
i, DL 1
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x5 ARBEMSKETAEMFHAREES (=4

Table 5 Soluble protein content of Carthamus tinctorius seeds

under different temperature and water content (n=4) mg-g’
AN TRV B[] 7] 3 P 2

21 41 61 8 A 104

1 22.540.51° 23.2+1.35® 20.7+0.50" 23.5£1.62" 21.2+1.06"

2

2 22.0+0.82% 24.5+0.61° 19.7+1.27° 25.3+1.60° 21.2+0.75°
3 20.8+1.34% 22.440.96° 19.7+0.26° 25.5+1.98" 22.8+1.31°
4 22.5+1.5%  23.6+1.33 20.4+2.27° 23.4+1.17° 21.7+£0.57°

5 21.740.67* 23.2+0.73"  25+1.64* 22.6£1.6" 22.1+1.08"
6 21.3%1.36° 24.3£1.22° 23.8+0.56" 24.1£1.87° 22.5£1.76"
7 21.6+£0.89" 24.8+1.95" 25.5+2.97° 24.8+3.01° 22.7+1.02°
8 21.2+0.69" 22.3+0.97° 18.6+4.03" 24.5+1.19° 21.5+1.49°
9 21.7+1.14* 24.241.89" 23.1£1.93" 24.8+0.67" 21.3+1.0°

10 22.0+1.64° 22.4+0.77° 22.8+0.09" 25.5+1.16° 22.6+1.15"
11 20.7+0.99% 23.7+1.57® 22.9+0.36" 25.1+1.25% 22.9+1.20°
12 20.9+1.53" 22.3+0.32° 22.0+2.76" 26.4+3.88" 22.0+0.73%
13 20.7£0.15° 24.5£0.91° 21.6£2.07° 24.0£1.37" 22.0+0.96"
14 22.4+1.65" 24.4+0.69° 22.3+1.04* 25.3+0.79° 24.6+0.98"
15 23.040.40° 22.3+0.74" 22.9+5.63* 24.9+1.49° 23.8+1.00°
16 20.7£0.12° 22.6+1.43° 21.8+3.11° 23.1£0.90° 20.8+1.14°
17 22.6£0.31° 22.1£0.74* 20.1£3.34* 24.8+0.71° 23.7+0.8"

18 21.3+1.45° 22.440.66" 20.4+1.92° 23.5+£1.13" 22.3+1.58"
19 21.6+£0.46"  22+0.64" 19.6+1.40° 22.7+1.89" 21.8+0.87°

20 19.9+0.87°  22+1.29* 20.4+0.96" 22.8+0.57° 20.1+0.83°

5 iFit

it 5T 02 48 A= Wy R R AL o F AR st e
JE Bl R B A R TR A R B,
J& T BT —Fl TR ) A R A B R AR
N d5 D5 72 I o B o 82 N A IR B B S i

Fz6 1W0NAEELEMFHRELEEE (=4

T AN DURF 23 AN ] 335 AN AT 3kt G b 2 AR i
TR TR BLAC AL i - I AL AL, AT A K A
Pl 75 i, i BOETJ0ORD - 19 2 2R 55 B AR AT
XS TR R R TR B A A YR
JE N v 24 T P A ) G e 24 o B S U 2R 2 B T4
] i A 1) o 24 T DR ORAE b 24 U R
£ 2 7% ge 1 TAE R FE b [ 70 R 3 A A R o %
TR 22 LA K 1R R A W P o 5 R R ) o R R 3 ey
b ST R AR R 2 8] R 1S °C, AR B
(RH)15%, 4 KW 3 [6] A 309 0% 2 1) J 390 P8 (Ilfe st
)1 TA), JE A IR R R R 4 N (-18+2) °C,
RH<50%, ( —4+2) °C , RH<45% } (15+2) °C , RH<
45% 755 20 70y PRA7F BB 50 421

7 o 5 K i 5 I R R O R e AT A
B XEEM KR, ROBERTS TE 1972 4F 4k
S A S OKE EOR B 5 RE A ) SR
7 A A 3 7 B IR AE 1973 47 4R Y IE F A Rh 7
(orthodox seeds) Fl7ii # P4 #f 7 (recalcitrant seeds ) HE
% ,1991 4E 5 ELLIS, HONG — 2 5& X H [a] A b 1
(intermediate seeds) ™', IF & I A 1 H A7 i B /K i
TR A e b 7E T4 KT 0 I 2% 18 TR BT E 4K e
T, K Z B8 W) Fh - (29 89% ) # hy 1E 5 AL Fil
T ARG AL AE BT AT B K T AR R
TE S K 5% LT, (-18+2) °CIV I it 3 4~ H b7
T S FEARAAE P LT ATl 7 & F 1E & AR

A B 5 DA S i Ao 50 A O S T L S L K
24 TR BT LD K R T B R L 5 45 S K R
(8.1%,6.6%,5.2%,3.9% ) Bl T 43 5l B AEAS [ 3L % 2%
PR CRIBE R 8 I =R B AR VKA )

Table 6 Antioxidant enzyme activity of Carthamus tinctorius seeds after 10 months of storage (n=4) U-g'
104~ 7 238 I ik 136 14 4 A 104 3 T8 5 ik 77 44 46 A
G5 G5
SOD POD CAT SOD POD CAT
1 53.3£0.31° 979.3+31.76° 399.1+18.64° 11 50.4+1.46° 1072.0£52.81° 423.1+16.30°
2 51.8+1.52% 988.0+£29.13% 416.8+7.74% 12 53.0+1.80° 980.3+44.78" 425.3+12.88°
3 49.4+0.63° 932.8+67.18° 447.7+23.00° 13 51.4+1.90" 968.3£86.69" 424.5+16.04°
4 50.9+1.53% 1 018.4+44.22° 425.7+10.66" 14 49.6+0.44° 1 060.6+26.96° 453.5+10.65°
5 51.441.39" 976.6£43.59" 414.6+24 .47 15 51.1£0.96" 1 044.4+56.37" 437.2+13.81%
6 50.1£0.05° 1 028.5+28.76" 410.5+16.08" 16 52.241.36 983.1+44.21° 414.1425.36"
7 49.9+1.59° 1 049.9463.06" 433.3+14.33% 17 48.4+1.91° 1025.7432.97* 454.2+11.30°
8 52.1+0.78" 1 041.9+60.07° 420.8+15.29° 18 50.4+1.03° 975.90+66.34™ 433.0+12.61%
9 51.4+41.32" 984.4+64.15° 421.9421.81° 19 55.0+0.99" 1 031.1+50.59° 436.7+20.60"
10 50.0+1.73° 1010.6+65.76" 448.4+27.25° 20 56.3+1.33° 920.5+46.47° 416.6+25.01°
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Table 7 Analysis of variance of the influence of storage conditions on

soluble sugar content and soluble protein content

Carthamus tinctorius seed germination rate, relative conductivity,

R AH X HL G CINESE AR
AN
F P F P F P F P
R 3.856 0.006" 3.528 0.010" 1.735 0.149 4.183 0.004"
oK 7.779 0.000" 0.528 0.664 5.509 0.002" 4.433 0.006"
I 5% Fisf ] 5.475 0.001" 49.142 0.000" 36.553 0.000" 22.561 0.000"

TE VIR | IR T T [ 43 3 Xk R 2R RH R HL R T A B T A TR 1 28 S e L(P<0.05) .

x8 ATAUNIEREEXRH

Table 8 Correlation coefficient among 7 observation indexes

EiL 7D KR ARG HL R CIRGe AT TEEA SOD POD CAT
LEROIERS S -0.535" 1
ATV 0.671% -0.450" 1
MR 0.735% -0.698” 0.755 1
SOD -0.841% 0.578% -0.556" -0.728" 1
POD 0.551" 0.662% 0.318 0.594" -0.374 1
CAT 0.593% -0.344 0.683% 0.730% -0.505" 0.273 1
T 45 H bR TR G T P<0.05,7P<0.01,
Fx9 ATEMSEFHRFEEMATEREG]E
Table 9 Eigenvalue and variance contribution rate of Carthamus tinctorius principal component factor
N LIRGESR RN FEBOTJ5 FERA
At 07 251% ZR/% At 07 251% ZR/%
1 2.934 73.354 73.354 2.934 73.354 73.354
2 0.574 14.353 87.707
3 0.326 8.142 95.849
4 0.166 4.151 100.00
R0 AERERSHE e _ TN X
Table 10 Principal component load of Carthamus tinctorius 11 / > ) R z
| ‘o i@ g
| - V| . "3
16 I 48 Hr PC1 é\'e: (F) ESSVENPIE . DS 5. ¥ / ,,,,,, : g
e : [ ) Now " X = 8
g 0.863 3] )N\ e T i
‘5. a4 \ ° 10
G E S -0.773 4 \ = =5 .
| * 13
] e 0.845 21 . / * 14
b 4 . %g
e *
R 0.937 3 . .17
-4 0 4 .1
M, H N ~, + 20
g 10, B 24 B R I A 19 & 2E S M PEL(80-2%)
L 5% M- W A~ EL N AL EL R RAEES
AL AT S AT A i sop, MK
N S B1 gEERTZHESH
POD, CAT i ¥4 o it ik 4 1~ 7 J5 B < B 7R 45 3 K ) o o )
Fig. 1 Principal component two dimensional diagram of
= 1=l + AN A~ EL
B ﬁJ ?‘ﬁz*ﬁﬁﬁ‘ AR 4’6?‘3‘*}]‘ s *L‘L (M HSYA & &= o %% Carthamus tinctorius

WIBA 1 20 76 I ) i i 0 058 O A D) I 5.2% % UK B
W . 7E A5 T AE R 10 4 H S L0 AE R F 19 & 2
AR g AR HL S AR AR AR AT R ST A
i d i VO 4 S 20 AR SR T T R A

=
A

ZLAEZGHE T HSYA & BRSSO IR i o AR WFSE A

2146 B 1 IR SRR L O b 25 b B R A

JHCHIE 7S B Sl o AT A RN ) e K 10 H
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T FE 32 2 R AR A B G TR P B R B 4 B AR
BT IR S B A SR B AR i S E 2
By, 0 2 B VR A 7 55 R RV 1 B R % TR A R
FIERAE R 0 25 A P Fh 2 B Rl 7 IE Gk
R, 22 02 PR W R R K PR 3R AR S R &
B BB F N BB R T K P R R R T
AN P AT T e =, B K AL
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AR SRS, T3 AR A, DS
PR Hp 24 T U R B BRI T ST R R
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