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Study on Cryopreservation Method of Allium Crop Germplasm

ZHAO Dan-qi, SONG lJiang-ping, JIA Hui-xia, ZHANG Xiao-hui, YANG Wen-long,
WU Ya-hong, SONG Zhe, WANG Hai-ping
( Institute of Vegetables and Flowers , Chinese Academy of Agricultural Sciences/Key Laboratory of Horticultural Crop Biology and
Germplasm Creation in the Ministry of Agriculture , Beijing 100081 )

Abstract: Allium crop germplasm is ephemeral vegetable due to its short-lived seeds. Application of the
conventional low-temperature preservation is difficult to achieve long-term preservation. It is therefore of great
significance to set up the cryopreservation procedure specific to the allium germplasm. In the present study,
through the orthogonal experiment of three factors with four levels, we examined the cryopreservation methods
using 30 accessions of four allium vegetables ( Allium tuberosum Rottler ex Sprengle, Allium fistulosum L. var.
giganteum Makino, Allium porrum L. and Allium cepa L. ). These results was evaluated by the germination rate
of the seeds after cryopreservation if compared to the germination rate of the seeds without treatments. The results
showed significant differences among the ANOVA experiments ( P<0.05 ), while the optimal procedure was the
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A,B,C, ( without cryoprotectant PVS2 treatment, storage in liquid nitrogen, and rewarming for 4 h at 40 °C before

testing the germination rate ). We also determined the physiological indexes of superoxide dismutase ( SOD ),

peroxidase ( POD ) activity, catalase ( CAT ) activity , malondialdehyde ( MDA ) content of cryopreservation

seeds after seed rewarming. The MDA content of the seeds decreased after ultra-low temperature preservation

of liquid nitrogen, while the SOD activity was higher than that of the control after the liquid nitrogen treatment.

A decrease on the POD activity of A. tuberosum Rottler ex Sprengle, after liquid nitrogen treatment and an

increase on the POD activity of A. porrum L., A. fistulosum L. var. giganteum Makino and 4. cepa L. were

detected. Collectively, these results provided optimal cryopreservation procedure for Al/lium vegetable germplasm

resources.

Key words: Allium crop germplasm; cryopreservation; antioxidant enzyme activity ; seed vigo
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Table 1 Basic information on germplasm resources for testing

e J?ﬁﬁ?iﬁfﬁ( %) A )ﬂ?ﬁﬁkﬁi( %) . J?ﬁﬁ?iﬁf#( %)

Variety O'rlgllnal Variety O.rlglhnal Variety O'rlgllnal
germination rate germination rate germination rate

k3% A0114 98 HESE A0113 55 K B0108 42

Allium tuberosum Rottler ex \Ilium tuberosum Rottler ex Allium fistulosum L. var.

Sprengle.A0114 Sprengle.A0113 giganteum Makino B0108

43 A0115 96 4% A0013 53 K% B0029 41

Allium tuberosum Rottler ex Allium tuberosum Rottler ex Allium fistulosum L. var.

Sprengle.A0115 Sprengle.A0013 giganteum Makino B0029

43 A0037 90 43 A0201 43 174 D0056 41

Allium tuberosum Rottler ex Allium tuberosum Rottler ex Allium cepa L.D0056

Sprengle.A0037 Sprengle.A0201 P24 D0047 64

2% A0018 86 K% B0208 90 Allium cepa L.D0047

Allium tuberosum Rottler ex Allium fistulosum L. var. FEZ D0043 61

Sprengle.A0018 giganteum Makino B0208 Allium cepa 1..D0043

4% A0182 74 K% B0194 90 7174 D0068 61

Allium tuberosum Rottler ex Allium fistulosum L. var. Allium cepa L.D0068

Sprengle.A0182 giganteum Makino B0194 VEZ D0023 59

HE3% A0022 69 KA B0148 88 Allium cepa L..D0023

Allium tuberosum Rottler ex Allium fistulosum L. var. AEZ{ E0005 49

Sprengle.A0022 giganteum Makino B0148 Allium porrum L. E0005

432 A0053 60 K7 B0043 82 474 E0006 86

Allium tuberosum Rottler ex Allium fistulosum L. var. Allium porrum L.E0006

Sprengle.A0053 giganteum Makino B0043 JEZ7 E0008 82

2% A0072 58 K% B0201 72 Allium porrum L.. E0008

Allium tuberosum Rottler ex Allium fistulosum L. var. HEZ7 E0003 82

Sprengle.A0072 giganteum Makino B0201 Allium porrum L. E0003

4% A0064 56 K74 B0062 68 2 E0007 74

Allium tuberosum Rottler ex Allium fistulosum L. var. Allium porrum L. E0007

Sprengle.A0064 giganteum Makino B0062
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Table 2 Orthogonal design of experiments table

X Factor

o B m(s) e
Test PVS2 Thaw (c) Blank

processing temperature Thaw time column

time (A ) (B) (©
1 A, B, C, 1
2 A, B, C, 2
3 A, B; G 3
4 A, B, C, 4
5 A, B, C, 3
6 A, B, C, 4
7 A, B; C, 1
8 A, B, C, 2
9 A, B, G 4
10 A B, C, 3
11 A B; C, 2
12 A B, C, 1
13 A, B, C, 2
14 A, B, G, 1
15 A, B, & 4
16 A, B, C, 3

A~A, 7351124 0 min 20 min .30 min, 40 min; B,~B, 4354 4 °C .25 °C .
30 °C.40 °C ;C,~C, 7319 4 h 10 h, 16 h, 24 h; PVS2.: H¥B a1k
VB 25 25 9 A HAB BB 3R, AN g, 2 o 1At
BENLIR 22 HEMIEAT I 22 0T 1T B

Al1-A4 are 0 min, 20 min, 30 min, 40 min respectively; B1-B4 are
4 °C, 25 %, 30 °C, 40 C respectively; C1-C2 are 4 h, 10 h, 16 h, 24 h
respectively; PVS2: Plant vitrification solution 2; Blank column: There
are no other setting factors in the blank column, and no experiment is
required. It is a blank column set for estimating random errors and then

performing variance analysis
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Table 3 Orthogonal test result table
Qb3 REHFFRIE (%) by REARIE (%) by REHARIE (%) OB KR (%)
Test Germination rate ratio || Test Germination rate ratio || Test Germination rate ratio || Test Germination rate ratio
1 93 5 74 9 75 13 72
2 92 6 78 10 73 14 74
3 92 7 75 11 75 15 74
4 91 8 75 12 77 16 76
x4 EXHBRFEAESTR
Table 4 Analysis of variance table of orthogonal test factor
P 26775 i F H P2 i 2575 . . .
% 3 ) F i F I i P
The sum of squares ~ Degree of ~ The average deviation .
Factor o F value F criticcal value P-value
of the deviations freedom sum of squares
PVS2 KB E] (A ) 888.75 3.00 296.25 711.06 3.29 0.00
PVS2 processing time ( A )
SRR (B ) Thaw temperature ( B) 225 3.00 0.75 1.86 3.29 0.25
S RATR] (C ) Thaw time (C) 2225 3.00 7.42 17.86 3.29 0.00
1%2% Error 2.50 6.00 0.42
A1l Total 915.75 15.00

A& 1 AT UL, & 2R B R 2 PVS2 Ak B[]
NG TR G557 253 W A SR, T S e R 2
R EE R E N PVS2 b H i a], At KN
PVS2 LbBE 0 h 1M 42 kA R AR [RI AT
TRIRPRAFRT G & 250 FUE R AR R 2%, B
TR P NS MRS TR0 2 28238 LU AR AR5 N

< 2 =100
TS akl =k2 k3 k4
° 2
o= 80
FEET07
B2 2 60
Zso50f
Bz 240
‘“}gﬂ% 30 +
SRR
=1 © 0 — 1 - ».\‘- 1 . . S J
SES oMb SHRIRE (CC) ST (h)

AL TE] (min )
PVS2 processing time

Thaw temperature ~ Thaw time

kl.k2.k3 k4 53518 —7KF- (A, B, . C, ). Z/KF- (A, B,.C, ).
=K (A5 By Cy) K- (A, By . Cy )5 R ]
k1,k2,k3, k4 are one level (A,, B,, C, ), two level ( A,, B,, C, ),
three level ( A;, By, C; ), four level ( A,, By, C, ) respectively;
The same as below
E1 HERWEE
Fig. 1 Effect diagram of each factor
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PEATRCR VAN .l EAAT R 6 nT LR 1, X S
FIRIE S 4 R —3k, &0 A B,C, U1 RS
Hes



5 4 BAPTEF A - 2 AR A R A PR AR IR A H AR o 1263
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Table 5 Intuitive analysis table of orthogonal test results

2% Factor
Geitin
Statistics PVS2 AL (A) SLIRIRIE (B) SLRIE (C) EEE]
PVS?2 processing time ( A ) Thaw temperature ( B ) Thaw time ( C ) Blank column
IRV R AT k1 92 79 81 80
The average of the ratios of the 2 76 79 79 79
germination rates at each level
k3 75 79 79 79
k4 74 80 78 80
2% Extremely poor R 18 1 3 1
R W22, T I
R is the extremely poor, the same as below
F6 EXRWWIELERENSR
Table 6 Intuitive analysis table of orthogonal test verification results
[K % Factor
it
Statistics PVS2 fb B[] (A ) SR IREE (B) SRR (C) =5
PVS2 processing time ( A ) Thaw temperature ( B ) Thaw time ( C ) Blank column
BT B 2 3T kl 90.00 74.75 78.00 75.5
The average of the germination rates K2 75.00 74.50 74.75 757
at each level
k3 68.75 72.25 72.75 74.5
k4 65.25 77.00 73.50 73.5
%24 Extremely poor R 24.75 4.25 5.25 2

T 4 PR AR ACRAR AT, S5 R R DL BRI IR Bl T R 25K 83%, LUIAE R IR A1 R
KA iR E bR, CK B & 235K 58%, I AEil e CK IR RN 67%, R4 4 A,B,C, b B fh
HAEABC ABF T RZER N S5T%, 16 HALH T RZEF 67%, 16 4140 HL 1) & = F T & 252K 65%
) B PP R 2F 5600 5%, LAAESE IR ML, (3R 7). REHRIT2SIE RN (£ 7). KA Ak
CK MKk 2% H 49%, B I 4l & AB,C, A3 3¢ VAL AEZURAEA A AB,C, AT & 2 58
Pl R ZFH 49%, 16 B RS AL 2% m TR 7T 16 AAEENF A 2%, HS CK T
45%., DLPER iR A R, CK IR 2E R N 87%,  WFEMEES, ISR HW M TE J& 5 22 /0 45 SR 44
AR A A ABC, BRI T AR 87%, 16 4 F£W AB,C, MEBIREIRAE R RIS .

®7T WIEKERFRSNR

Table 7 Validation test germination rate analysis table

K (% ) Germination rate

Ab3E

Allium tuberosum Rottler ex Sprengle. Allium fistulosum L. var. giganteum Makino — Allium cepa L Allium porrum L
CK 58a 49a 87a 67a
A1B4Cl1 57a 49a 87a 67a
1 53ab 45ab 83ab 63abc
2 55a 44abc T4c 65ab

3 48bc 37cdefg T4c 63abc
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®7(%)
K 2£# (% ) Germination rate
poseil
Test PN E[E2 A E[)
Allium tuberosum Rottler ex Sprengle. Allium fistulosum L. var. giganteum Makino — Allium cepa L Allium porrum L

4 49bc 43abced 79bc 65ab

5 43cd 38bcdef 61defg Slefg

6 33fg 41abede 63de 58bed

7 40de 38bcdef 59defg 53efg

8 37def 40bcdef 65d 56cde

9 33fg 32fg 62def 49fg

10 35efg 32fg 58defg 49fg

11 41de 35defg 55fg 53efg

12 35efg 32fg 61defg S54efg

13 29¢g 35defg S4¢g 47¢

14 30g 33efg S56efg 48fg

15 29¢g 29g 55fg 50efg

16 39def 36cdefg 60defg Slefg

CK AREAEMAEIR; A\B,C, i HAEIRL 7 5 1~16 HIEZCFR (58 2) iy 16 4L, RREIVNGFREFIRTE P<0.05 KT T 2503, T
CK: Without any treatment; A;B,C,: The best treatment combination; 1-16: The orthogonal table ( table 2 ) 16 sets of treatments; The different

lowercase letters after the values indicate that they are significant at the P<0.05 level, the same as below
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AT T (P 2), Hok 28 R 5 R AT A Ak BE A Fh 5
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N e
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- e o
o s o ®

HEsade g
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L LR N

A MR RN B: AB,C, ARBY R ZFFD T
A are the germinated seeds of control group;

B are the germinated seeds after AB,C, treated

B2 BREFRFLEMEMFRFETXER
Fig. 2 Picture of seed germination day 7
before and after cryopreservation
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Fig.3 Comparison of the germination rate of seeds germination before and after cryopreservation

A, C: X HRIMIKE; B, D: AB,C, AbHEAH Bk
A and C are the plants of control group; B and D are A,B,C, treated plants
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Fig. 4 Chinese chive plants before and after cryopreservation
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