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Abstract: Water content is a key factor influencing the seed cryopreservation, but its effecting mechanism is not fully
understood. In order to explore the effect and way of water content on the viability of seed cryopreservation on viability,
Malus x robusta seeds with different water contents were obtained by silica gel. The seed viability, sugar content and
related enzyme indexes before and after cryopreservation were measured and correlation analysis were done. The results
were as follows: (1) After 15 days of cryopreservation, the viability of seeds with different water contents was different,
and the viability of seeds showed a trend of increasing and then decreasing as the water content of seeds decreased, and
the seeds with 9.02% water content had the highest germination rate, at 53.33%. But after 120 days of cryopreservation,
the viability of seeds increased as the water content decreased, and the seeds with 6.40% water content got the highest
germination rate, at 27.78%. This indicates that the water content of Malus X robusta seeds has a significant effect on the
viability after cryopreservation. It is affected by the storage time in liquid nitrogen, and the optimum water content
decreases as the storage time extended in liquid nitrogen. (2) Correlation analysis showed that there was a significant
negative correlation between water content and viability (r=-0.82). There was significant negative correlation with
fructose and sucrose content, acid invertase, fructokinase, while seed germination rate was significantly positive
correlation with these indexes, suggesting that water content affects the contents of sucrose and fructose through effecting
the activity of acid converting enzymes, which in turn affects sucrose metabolism to respond to low temperature and
dehydration stress, ultimately leading to differences in viability. The seed viability was also affected by fructose
metabolism through fructose kinase. Besides, alginate was one of the important regulatory substances of Malus X robusta
seed in response to water and low temperature stresses. In summary, water content has a significant effect on the viability
of Malus X robusta seeds cryopreservation through the combined effects of sucrose and fructose metabolism. This study
provides a theoretical reference to further explore the cryopreservation mechanism of seed.

Key words: Malus x robusta, seed cryopreservation, water content, sugar metabolism, enzyme of metabolism

I\ W 5 ( Malus X robusta) SR J& T 3 % B}
(Rosaceae ) 3¢ 5 J& ( Malus) ([ Fk 4 #1552 %%,
1999) , 2t 5 22 (1 o Joz 9% I, JHL 3 By R AT v 3
e, BRI A0 75 0 WL BT e, W — R I R Y R
RAEA (I b 4 A PRBE 2 e B B R BT 5K BT,
1986) , &= %48 1 1% Fh 52 LAk A w, DL, AT
TEIRPRAF B A R X AR DR AT 2 A K
AARAF I AW T ER , BA IR D5 8 55 2%
REW LN A, 2Bz, BET AL AR
TR (=35~ 5 °C) W23 iy 41238 , i 2 %
TE 0~5 °C VK AR ¥ 980 PR A7 380CR 84 (] el ouk 45
2022) , B BEHEIE /\ bk U 5 AT (R AR PR A7,
S B B U A K A DR A B Y
e,

PRI A AT IR R —
( Chmielarz, 2009; Wen et al., 2009) , KEWI5R £
W, AR A S, BAA TS B R 5K & A
AEPAS L = B &% R ( Generoso et al., 2019; 5KH%
TAE, 2020) HHAE FHAL G ¥ A 58 20 2, — )
AR K AR 5 A0 B AR IR A A5 < P PR R A 3 A
O, BIVIS BV TR 23 5 | S At i T I K | & A T 4

1%,’I%ii?@%%%l@éﬂ]ﬂ@ﬁﬁibkﬁl*ﬁfﬁ(Mazur et
al., 1972) , A RMFFEAL R, ROS 4 F Ak
o7 T BE A K R AR L S SR B AR IR R AE TS 1
FEARR B L Z — (CBA, 20165 259, 2018)

WFFE W, 76 2 1300 B8 451, 7 7 Uk
H A5 38 R 38 A S 0 3 IR Rk T R R
SRR, 6008 3 R RV T BR ROS, I i ik
O3 B 435 40 i BE H IR 25 ( Saddhe et al., 2021) , H:
o bR S R S T T B M U B S A, B A2
BT R 2 Y 52 ), o %o e 3 80 2 R (O R 3R,
2018) ., AS[] Fr 7K it il 7 A R AR A7 i I I R
I8 7K LR Jpih 30 T 2 7K ek 7 4 3 3 5 e AR
HHE T 5 R KR DR AE S R T & R
L,

AR\ U R 7 SR A4 R 3 2 BF 5 R 1K
TR AORAE 38 B /K i 3R 98 R [R) 5 7K B R G
TEARAT SR 25 53 09 A B0 L Al ) RLH5 T DA )
(1) Tk A5 2 5 )\ b T 3 b 7 8 A IR (R A7
Jer BAE IS 75 (2) 5 7K R e R AR R R AT AR TS T Y
YEFABLE] . ARBFIT 3 — 248 & A T AR AR AT
Je B A 16 SRR



2292 |1 I G/

43 %

1 MHEF®

1.1 ik Hre

AN 3R R S | Y 7 E RS Y AN 7
FH AR Y, W IR F KRN 27.12% , DK 60 d J5
T AR,
1.2 Ak
1.2.1 A+ RBEAKREeg AR Zn 2 HEER T
yc 2 NI N ST 7R = 37 NI i e/ N L R £ BB
(27.12% ) . W2 (20.32%) . W3 (15.10%) . W4
(9.02% ) F1 W5(6.40% ) , % 7K H Fifi - J4% i [] i 22
AR DLE 1,

b K G AR g 2 0 . 30 A AP
T RREIC S AR AR R L BRI R
B;— &AL A 105 CHAF LT R R A S
W5E Fb 1 FFR LAY BT, I8 C, # IR ATHE
FoKE R &K E = (B-C)/Ax100% , &4k
B 30 RiAh T, 1 E 3 ANEA BUYME,

351712

N W
[ ]
T T

Bk E
Water content (%)
—
W o
T

—_
(=]
T

S W

0 3 7 12 24
T4 Drying time (h)
B1 \REEMFEKERTERBNEZK
Fig. 1 Change of seed water content

of Malus X robusta with drying time
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Table 1  Changes of MalusX robusta seed viability after cryopreservation
Sk R R KEFHREL
REES Germination rate (%) Germination potential ( %) Germination index
Water
tent
CE”){)" LN #4715 dJ5 LN 47 120 d J5 A7 15 d 5 LNARAF 120 dJ5 15 dJE LNARAF 120 dJ5
Keep LN for 15 d Keep LN for 120 d Keep LN for 15 d Keep LN for 120 d Keep LN for 15d  Keep LN for 120 d
27.12(W1) 0.00+0.00Ca 0.00+0.00Ba 0.00+£0.00Ba 0.00+0.00Ba 0.00+0.00Ca 0.00+£0.00Ba
20.32(W2) 6.67+6.67Ca 5.56+1.92Ba 5.56+5.09Ba 4.44+1.92Ba 3.46+3.17Ca 3.24+1.17Ba
15.10(W3) 32.22+5.09Ba 23.33+6.67Aa 11.94+8.35Ba 17.78+1.92Aa 11.53+4.47Ba 12.22+4.23Aa
9.02(W4) 53.33+8.82Aa 25.56+6.94Ab 33.33+8.82Aa 20.00+5.77Aa 20.52+5.33Aa 12.00+3.01Aa
6.40( W5) 33.33+3.33Ba 27.78+10.18Aa 27.78+5.09Aa 23.33+11.55Aa 15.55+0.99ABa 13.27+5.04Aa

T ANIF KRS b8 38755 A [F) A R 2H AN [F) & /K D 1 22 37 35 (P<0.05) 5 AN IA) /NS B 3R 75 AR [R) & /K B A7 AR AR AF 15 d Al

120 d J5 22 5 .3 (P<0.05) ,

Note : Different capital letters indicate significant differences in seeds with different water contents in the same treatment group (P<0.05) ;

different lowercase letters indicate that seeds with the same water content are significantly different after 15 days and 120 days of

cryopreservation (P<0.05).
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Fig. 2 Changes of soluble sugar and glucose contents in different water contents
of Malus X robusta seeds after 15 days of cryopreservation
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