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Abstract; The seeds are invariably exposed to high-temperature conditions since global warming frequently causes

abnormally high temperature. In order to investigate the physiological basis of high-temperature tolerance in seeds, we
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used intermediate Citrus maxima ‘ Mansailong’ seeds as the research material, heated the seeds at different
developmental stages, and simultaneously detected changes in seed morphology, contents of soluble protein and heat-
stable protein, and cellular ultrastructure. The results were as follows: (1) The seed moisture content dramatically
dropped between 23 and 49 weeks after flowering ( WAF) , whereas the percentage of DW/FW and fresh weight
increased significantly. All of these indicators began to change quickly from 31 WAF and stabilized around 41 WAF. (2)
At 29 WAF, the seeds acquired full seedling formation ability and a preliminary tolerance to high temperature; from
there , the high-temperature tolerance gradually grew and improved quickly between 37 and 49 WAF. The improvement in
high-temperature tolerance was accompanied by a steady increase in contents of soluble protein and heat-stable protein of
seeds, from 23 to 49 WAF. The results of the correlation analysis showed a substantial positive correlation between the
accumulation of heat-stable protein and soluble protein and the ability of seeds to tolerate high temperature. (3)
Ultrastructural observation showed that the number of mitochondria progressively dropped as the seed developed, the
volume of the embryonic axis cells gradually decreased, and the number of lipid bodies in the cells gradually rose and
their arrangement became more and more regular. In addition, the vacuoles enlarge at the same time, and at a later
stage, they were packed with black floccules. In conclusion, the C. maxima ‘ Mansailong’ seeds reach physiological
maturity at 41 WAF without any noticeable maturation drying; the ability to tolerate high temperature is acquired during
seed development and is further enhanced until a later stage; changes in cellural ultrastructure and an increase in
contents of soluble protein and heat-stable protein of seeds are essential in helping the seeds develop their high-
temperature tolerance.
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Fig. 2 Changes in high-temperature tolerance during Citrus maxima ‘ Mansailong’

23IMFEABERFAREEANABEERS
ENEN

oI TR & & Br Be g A1 & K & 22 AR K
PRt i DL O R AR T 5 R B R v A

seed development

AR TEE AN E EH A S R, 4 R
iR RO s I TR Ea R e = I Y ke = ey
TR R B )E 25~ 31 AR Al i R
SNBEPSER AR 3 Gyl U N T REe R 5 g SR 9N



966 |1 I G/

44 ¥

0 —a k#4735 % By survival rate
800[ > fKH A By seedling rate
7001
600"
500
400_‘
300 B

2001

2 FE I ] Median lethal time (h)

100~

021 2I4 27 3|O 3|3 3IG 3I9 4‘2 4|5 4IS 51
FF A6 )5 Fi $ Weeks after flowering
3 AEAXEMEMTEI CHELETH
F IR E AT
Fig. 3 Changes in the median lethal time of seeds at
different developmental stages under the high-

temperature treatment at 40 °C

54

I —a— P2 E 2 H Heat-stable protein e
48 -~ ] ¥k H Soluble protein I é%
42 e E =

& H 4 & Protein content (mg-g’)
%
T

S

21 24 27 30 33 36 39 42 45 48 51
JFAE )G 8L Weeks after flowering

FIABAER 3 AEE, UOPEEARERER

All data are expressed as x+s. of 3 replicates.

B4 MFREIERTREERM
AREERSENTNL
Fig. 4 Changes in contents of soluble protein and

heat-stable protein during seed development

7.21 mg - g HEANF] 38.35 mg - g, V-2 JE G
519 mg - g, ZEH B E(P<0.05), 25 BHEE
S A EALHE N 0.67 mg - g, AR & Y BT
FrES, AREEN SR SR ER ST
PR FARL, B 25~ 31 A2 A 2 E A
P AR, AR E A i BT 1
T 18.77 mg - ¢ (P<0.05) ,#£)5 35~45 F#AfaE
EHGELREWD LG 47 HINT 4.62
mg - ¢ (P<0.05), B GRFe AR, Wik, )5

25~ 31 JEJ& Rl n] ¥ M R R RS E B PR AR
S EZ R B, X BER T TR 0 ARk, & B
L B B 1 1 v I T e P 498 i 138 B R T
VeI R RN AR R A B SR v R A 1Y
AT R T EEMIEH
24 AEEZEHERMARBREMEHTL
AR B B B R B S TR 20 25 4
e, RERWLIAE)S 23 B R T R ], H AR
S A% 3, A MBS AZ A3 B, 400 B v g JB 4R /D T
D TESHHE BT AN R o3 A SRR B £ Y B R
SR /N TR, U BRI A0 A &)y o LA R
(K5:A-C), BB (G 37 ), 40N
RAETT WL AR Ak, T B A A B AR K B 4 i
P HES) 5 B PR R 90 30 3 AR K Rt A D R
ZUIRYD  ZORLARBUR: £ | I RS 20 it A A 2R A7 HE Y
RGBT R R B (B 5:D-F) . KB
(FEJ5 47 J&) W7 RSl 20 M 4 /0, 84 31 i 2
RARD B R SR, LT ek E A
VI 5 A By B P LA R o A AR R T R 1
B STAA 76 JoT JBE P AR 0 HE B (] 5. G-1) , axX ik
VLB FE 2B M A E SR T —
B AR DG AT 0 o FR R A el R G e A B A
A5 Ak X ol e TR 1 ) AR A LA EE A DTk
2.5 ‘SREMH MFEEHEXIERNBEXESH
FERNF & B b B AR AE T R A Rt
A H R Y R A B e BRI ) 5 R & A R
MEEEA PR E AU R TR E R
IEASE, SR Faf S KR RN, FKE
5 b SRR A ] R ] R R
BEAMGE, M TeEEL SR EEARE
PEER 1 =2 [B) 35 S 3 IE A O, IR R R S A
RERAZEBEREEIEME(ELD),

3 w54 #

Tofr ¥ B9 B 45 A B A AUIE 25 U A O
T, A BESGA F BRI T & B &K E
WA B BAT R BE T S LTS B T R B
AR RN B8, S5 SRR AR AN R AR 72 A (55 K
F-,2009) . 4# Hamilton %5 (2007) 2 18, H 1% &
Citrus garrawayi W55 7K 1 A LN 1) (82
1) % FFEEI(4021) %S Fl 5 Rk ) ok 2, A
Scge 2 el A ry S KR AR 5 3,



A-C. f£J5 23 J; D-F. #£)5 37 J; G-L f£J5 47 &, CW. 4IJRE,; N. 40k ; NM. 2B, M. ZEkifk; LB. J8ik; G. &K
HA; VLW,
A-C. 23 WAF; D-F. 37 WAF; G-H. 47 WAF. CW. Cell wall; N. Nucleus; NM. Nuclear membrane; M. Mitochondria; LB. Lipid body;
G. Golgi body; V. Vacuole.

B 5 AREAXEPAMNFRHMAMNBHMEND

Fig. 5 Ultrastructure of embryonic axis cells in seeds at different developmental stages
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Table 1  Correlation analysis of various indicators during Citrus maxima ‘ Mansailong’ seed development
LD FERTES S i K= T PEEEH AR
Index Survival rate Seedling rate Fresh weight ~ Moisture content DW/FW Heat-stable protein  Soluble protein

PERTE S 1.000
Survival rate
JE R 1.000** 1.000
Seedling rate
fif 5 -0.374 -0.697* 1.000
Fresh weight
ToKE =0.724 *x* -0.695* -0.265 1.000
Moisture content
T L 0.724 % 0.695* 0.265 -1.000%* 1.000
DW/FW
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Heat-stable
protein
A EEA 0.738 % 0.813 %% 0.318 —0.978** 0.978** 0.995 ** 1.000

Soluble protein

I *FREF B F(P<0.05) ; »FRERWEFH(P<0.01),

Note; * indicates significant differences (P<0.05) ; ** indicates extremely significant differences ( P<0.01).

b B R S 4k 2258 (Sun & Leoplod, 1993
B AN 2002 5 SCHE 2008 ) 5 0 44 P4 5 ) 7 2E
PRSI B K, Z 05 AT RE 23 A BRI B (32 0Mk 05 A
% 5G,1994) . 2FIehl M LB LR D R
i P R A5 A 5 TE B VA RO AL, AR S 25 ~
41 JEFP T 0 R LT, AR AR S 41 SR RD
G e o L R S A i 1 e il =B T e
FrEe 3 hin , 5 v (] 28U 55 25 Al Rp - 19 K T 1E 2 B
KA (B AR, 2014) . TER B BRT, S 5%k
At o v O T ) G R 5 e AT M AR A
FeE S w R E LR R 2 BN RS 23 ~ 49
JA AT AR R E R Y R ST
R, MRS — P RTE R F B X
P (AR R 5 R iy e R P 2 T A
K VLA R PR B AR E R P i A R
A7 e R R b 4 L B A 2 2 A, DT 4
TP R 3X 5 TSGR M R R
PEE A HA R D) BE W I8 &5 AR (B
4 20105 £152,2019; ZR358%5,2022)

IEH R T & 00 A0, 40 A AR
I AR /NS Y HEB s s | TR B, 400 Y P9 T
MWRIMZ, WEN ZRAR MRS 2 kK EE
S M HE 1) 55 ORI N A K TR I /D BT

A MH B R T KR B B AR R B, P9
IR R %5 40 D 25670 (Wen et al., 2009) . i 7E
TAPE R T E R A0 M HE B s, B R AN,
A AR, T o5 5 4 B 0 S 43 25 1], 26
7 A IR U 5 A B 2 £ 5 B P M 4 R HE )
BRI BUNME R, W B R R LA /NI
SRS R o S U iR N = B =]
JE 20 19 440 B A S S A L, B — 1 T Tl R JURL IR
P IO A 38 o A RS 43 s ] e ) A7 ER &) B 4
i 0 35,20 200 4 ( Wen, 2011) , AS BIF 5% 38 i %o
A BTVl 0 R T 2 R 1 L R R
HE] B A RO AR B & B S R A
o1, BP & & R0 © 2 e Al i U Al 4 A 1R
K LA /NG A R TR R RR T A, ok ik £, 103
IE % R 051 5 2 7 o 300 S ol 00 e 2 R 10 /N g i 1
B 22 FLEE 20 M FE P ) 5 TR] R 9 9 A R L R T
WL T SR BUR Y, A A D& STk & B X B s
TR AAY R K E TR AR (Klein &
Pollock, 1968) , (a1 T J5 HARY & B 5 1E % 1
Fofr - Fi 2 1 - 34 A B AS [R) AR B AS T 7,
WEM TR, S M RE RS,
JVAS 5 200 6 5/ 200 6 PN 1 g 4R 8 1 o R 4
LR 3 1) 5 Y76 v 1 B 5 0 S R R 3, {HL 3



5 0 LR ST RS LR T PR 969

PR AR B A T B X FMEAKBH, 5
TPERN - & B A R A AR AL, O
A [E( Wen et al., 2009) . %5 F W (2020) %f
rh ) B R AR R 22 I ELAE L R B RS S B
EALARRL, UL, N & B WA BT, o ) 2 5
S = RN Tl e w11 4/ i | T A G O e el 11 ¢
KA,

S FEIRAN bR R R R A R R
BRI, I 5 R0 R M A AR e
2 i A R e S A AR AR OG . R R
M ¢ S BRI A Bl JFC g ek s 25 ) B 40 i & i
HACHHHE RS, 40 iy HoA D s s A & 8 v i)
() 5L A 58 e ) v R T, 4 I AR T R
R B T B 5 A0 P 0 HE 2 9 v S R
TRV TERTE I, R 0 & R 2
DB, 248 v 4 Bl Jo A RS S 38, o 4l T 2 R
g3 [] ) [) ) 0 4 B8 68 ) o JL-F 56 4 o
I, < 28 Iphh ARk B B A R
SRR I B e e R Y O AR TR R A A
149 Ji JB A% A, 7 AN T 184 00, ¥ 36 v Y R 68 ) BTt FE
S | IO = A TR e Y B 7 R S K7 F == W S E g 1 )
YER . B8, AT RAIA S © 2 B8 e il ” - 1 5 ek i
PEIRAT 5 20 MR 2528 Ak A A2 Ak R Ak ) S5 1)
TR B AT G311 A LAl

HRYE IR | T 0] DL 43 Sk I P 45 1
Frefa) B 3 Fh SR PAE P e DLAE 7R O A
FHIFEY) 5 1. 7E Dickie 1 Pritchard (2002) 48 i1
()7 146 Fhafh b, 4 K 2280 (29 90% ) & 1E & P
FIFPF 249 7% , H TR A B4 2%, KB
S5 (2019) PR T 9% [F] 5 50 ) el B Bl T4 Fh - 2
P01 S 5 R SR 1Y 24 781 AR P A5, L
Hhom YRR 620 Fh, 5 2.5% , T A BY R 149
i 0.6%, HIRIBEL RN 78 A ARy A
17 EL v ] 28 o = 330 A ARE 8 A 2 R X 5 e A i
PRI LG X 336 28 - A F 5 38 AN 408 78 40, 6 LR T
ff IR AN MR A A2 A 7 rh [a] AUR A 2 1
[ S N E i el TR e L AR AR R 2
TSRy = SRR b5 11| i e | 207 W i D T = 5
WX R A 28 Rl 2 b i A FIf R R £ . )
HbHT Y I — 28 T AE 3 4 7 A 5 K T
PE ARG R S T I, X E S T SR
I JCIE FRR , FRATT OG- 1 IR, T 2
R T S5 FASESER, AT 16540

Ak TR AETE B SE, AU RR I R AT S
HI ) T AE © 28 % AR R {& 7 ( Zhang et al.,
2014;Yan et al., 2014 ; #7{ifFE 55 ,2021) K P
RE (BEMSFN SO, 2015 ; Xue & Wen, 2018) MK
M YE A H (Wen, 2018) AN[a] il Fftfft 5 ) 1 AR T
% ( Wen et al., 2010 ) A1 M5 it £ ( An et al.,
2023 ) 577 AT TWFSE, A SO Al b 1 1Y = i
iR & AT ORI, R T Mk B o R iR
M P A2 A, IF R ST T 40 i I 1 b Al 28 Ak f nT
VPR AR AN IAES E A 1 A R 5 R 1 v R R ) IR
F X7 WL FRATTNS ol v il i A A B Al
AT —Z AR, 5 —J7 AU 1 AT
Xof o ] AL 1Y) T

SE .

AN XJ, YANG L, WEN B, et al., 2023. Seed high-temperature
sensitivity and germination ecology in intermediate seeds of
three species from Xishuangbanna, tropical Chinal J]. Plant
Ecol, 224(7) . 647-658.

BEWLEY JD, BRADFORD KJ, HILHORST HWM, et al.,
2013. Seeds: physiology of development, germination and
dormancy[ M]. New York: Springer: 86—87.

BRADFORD MM, 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding[ J]. Anal Biochem, 72(1/
2) . 248-254.

BURKE JJ, O'MAHONY PJ, 2001. Protective role in acquired
thermotolerance of developmentally regulated heat shock
proteins in cotton seeds[ J]. J Cotton Sci, 5(3); 174-183.

CHEN ML, CHEN Y, ZHANG YT, et al., 2018. Determination
of soluble protein in potato by attenvated total reflection
mid-infrared spectroscopy[ J]. J Chin Cereals Oils Assoc,
33(12): 118-126. [ MR 3, Bk, 5% % &, 5%,
2018. IR ARG LA GIEN € D44 bl i
Fra[J]. W EARINEAR, 33(12) ; 118-126.]

CHENG HY, ZHENG GH, TAO JL, 1991. Physiological,
biochemical and ultrastructural studies on ultradried seeds of
some Brassica species[ ] ]. Plant Physiol J, 17(3): 273-
284. [ Rk, KBute, MR, 1991, T AbBxt L F
R ALY T A TR AR A L TR 2 A 0 AkON
[J]. RPN, 17(3) : 273-284. ]

DICKIE JB, PRITCHARD HW, 2002.
evolutionary aspect of desiccation tolerance in seeds [ M]//
BLACK M, PRITCHARD HW. Desiccation and survival in
plants; drying without dying. UK. CABI Publishing:

Systemic  and



970 |1 I G/

44 ¥

239-349.

FARRANT JM, BERJAK P, PAMMENTER NW, 1992.
Proteins in development and germination of a desiccation
sensitive ( recalcitrant ) seed species [ J]. Plant Growth
Regul, 11(3) . 257-265.

FU H, 2019. Studies on the physiological characteristics effects
of  Cunninghamia lanceolata  seedlings under high
temperature stress[ D]. Changsha: Central South University
of Forestry and Technology : 45. [f15£, 2019. &R MO X
LS EFRRE RSN [ D] Vb, g ARl B4
Kef: 45.]

GAO GZ, 2015. Studies on identification and molecular
mechanism of seed heat tolerance in rapeseed[ D ]. Wuhan:
Chinese Academy of Agricultural Sciences: 10—-24. [ Bk
2, 2015. {2 b7 1 AR 0 8 8 N 4y F BIL BT 5T
[D]. B HERFERE: 10-24.]

HAMILTON KN, ASHMORE SE, DREW RA, el al.,
2007. Seed morphology and ultrastructure in  Citrus
garrawayi (Rutaceae) in relation to germinability[ J]. Aust
J Bot, 55(6) : 618-627.

ISTA, 2006. International rules for seed testing[ S]. Zurich:
International Seed Testing Association.

KLEIN S, POLLOCK MB, 1968. Cell fine structure of
developing lima bean seeds related to seed desiccation
[J]. Amer J Bot, 55(6) ; 658—672.

LI'Y, LIANG JR, ZHANG YS, 2010. Advances research on
seed heat-stable proteins [ J]. N Hortic, (5);: 221 —
204, [ B4, o, sRLANL, 2010. Fh5#Ea e 8 AW
WEFSHERLT]. ALrPd 2, (5): 221-224.]

LIU MH, CHEN P, LI PP, et al., 2019. Recalcitrant seeds list
based on Kew seed bank dataset[ J]. J Green Sci Technol,
(10): 29-32. [XUBAML, WRE, ZEMMIE, 45, 2019, BT
I el 1 P A U PR 44 5 (D] s EFRHE, (10)
29-32.]

LIU W], LI QJ, ZHANG GM, et al., 2000. Microclimatic
characteristics of canopy gaps in Shorea chinensis forest in
Xishuangbanna[ J ]. Acta Phytoecol Sin, 24 (3): 356 —
361. [XUSCAS, ZEIR%E, KoL, 2%, 2000. P4XURANE
RAMARETINREFIEDTTE [ T]. FEI A5 2R, 24(3)
356-361. ]

MAO PS, HAN JG, WANG P, et al., 2001. Changes on
physiology and biochemistry during seed development of
smooth bromegrass[ J]. Grassl China, 23(1): 26-31. [ &
Bk, whakEE, TR, % 2001 TG EFF L E ISR
R AR AR ] P E R, 23(1) ; 26-31.]

PENG YF, FU JR, 1994. Seed germinability and desiccation
tolerance of lychee and longan during seed development
[J]. Seed, 13(3): 1-5. [BbJ5, MK H, 1994. 4 H
JeRFp 7 B i R A 2R R S K 2 A [T ], FhT,

13(3): 1-5.]

PRIESTLEY DA, 1986. Seed aging: implications for seed
storage and persistence in the soil [ M ]. New York;
Comstock Associates: 125-195.

PRIETO-DAPENA P, CASTANO R, ALMOGUERA C, et al.,
2006. Improved resistance to controlled deterioration in
transgenic seeds[ J]. Plant Physiol, 142(3); 1102-1112.

QI YP, 2009. Dynamic study of physiological and biochemical
during  the
sphenanthera Rehder. et Wils[ D]. Xi’an: Shaanxi Normal
University: 4. [ 37K, 2009. &R TLk 11 % B AL B
AALSIASIITE[ D). P2 BRPGIIE R 4.]

QIN'Y, LIU C, LIU DJ, et al., 2022. Exogenous salicylic acid;
effects of on seed germination of snap bean under high
temperature stress[ J]. Chin Agric Sci Bull, 38(18): 79—
85. [Z&38, Xh, XIKZE, 45, 2022. SME/KAG IR i
8 R 3R Rl W A e [T, R R,
38(18): 79-85.]

RAHMAN SMA, ELLIS RH, 2019. Seed quality in rice is most
sensitive to drought and high temperature in early seed
development[ J]. Seed Sci Res, 29(4) ; 238-249.

SHEN DX, WANG YY, CHEN LG, et al., 1998. Citrus
genetic and breeding [ M ]. Beijing: Science Press: 1-—
4. [iLt8ss, Tooks, BRAPE, 2, 1998. fitfaiste &%
FIM]L Aent: BlEE R 1-4.]

SUN WQ, LEOPLOD AC, 1993. Acquisition of desiccation
tolerance in soybeans[ J]. Physiol Plant, 87(3) ; 403-409.

THIERRY C, FLORIN B, PETIARD V, 1999. Changes in

protein metabolism during the acquisition of tolerance to

seed  developmental —stages  Schisandra

cryopreservation of carrot somatic embryos[ J ]. Plant Physiol
Biochem, 37(2) : 145-154.

TOROK Z, GOLOUBINOFF P, HORVATH I, et al.,
2001. Synechocystis HSP17 is an amphitropic protein that
stabilizes heat-stressed membranes and binds denatured
proteins for subsequent chaperone-mediated  refolding
[J]. Proc Natl Acad Sci USA, 98(6) : 3098—-3103.

WANG RL, ZHANG LL, CAO ZS, et al., 2014. Ulira-
structural changes in wheat embryo cell and aging
mechanism under micro-environment storage conditions
[J]. J Chin Cereals Oils Assoc, 29(10); 77-82. [ &
2 RENE, EARID, 5 2014, AEECOREE R /N A IR
N A AR S ML DT 5T [T ], b R 2 4,
29(10); 77-82.]

WANG S, 2020. Study on the reproductive biology of the
critically endangered plant Magnolia zenii ‘ Cheng’
[D]. Nangjing: Nanjing Forestry University; 54—64.[ £
1}, 2020. H% & W) AR T 22 BRI AR ) A P T
[D]. Bnt: Bl 54-64. ]

WEHMEYER N, HERNANDEZ LD, FINKELSTEIN RR, et



5 0 LR ST RS LR T PR 971

al., 1996. Synthesis of small heat-shock proteins is part of
the developmental program of late seed maturation[ J]. Plant
Physiol,, 112(2) . 747-757.

WEN B, 2008. On the compound quantitative characteristic trait
of seed recalcitrance| J ]. Acta Bot Yunnan, 30(1): 76—
88. [ SCH, 2008. XIS Fl ML ) 5 & K MRS fiF
[J]. =R, 30(1) : 76-88. ]

WEN B, 2011. Cytological and physiological changes related to
cryotolerance in recalcitrant Livistona chinensis embryos
during seed development [ J]. Protoplasma, 248(3):
483-491.

WEN B, 2018. Changes of cryotolerance during seed
development in pomelo and grapefruit [ J].
85. 186.

WEN B, CAI CT, WANG RL, et al., 2010. Critical moisture

content windows differ for the cryopreservation of pomelo

Cryobiology,

(Citrus grandis) seeds and embryonic axes[ J]. Cryoletters,
31(1): 29-39.

WEN B, WANG RL, SONG SQ, 2009. Cytological and
physiological changes related to cryotolerance in orthodox
maize embryos during seed development[ J]. Protoplasma,
236(1/2/3/4) . 29-37.

XUE P, WEN B, 2015. Effects of drying rates on the
desiccation tolerance of Citrus maxima ‘ Feizhouyou’ seeds
[J]. Plant Divers Resour, 37(3): 293-300. [ #¢/MS, 3¢
W, 2015. Mt 7K 8 & X = i Al Ab 7 156K T P 9 5 i
[J]. ¥ 2R S B R, 37(3) : 293-300.]

XUE P, WEN B, 2018. Desiccation Tolerance of intermediate
pomelo ( Citrus maxima ‘ Mansailong’ ) seeds following rapid

and slow drying[ J]. Seed Sci Technol, 46(3) ; 511-519.

YAN Q, WEN B, ZHANG N, et al., 2014. Cryopreservation
strategies for pomelo seeds from Xishuangbanna, South
China[ J]. Seed Sci Technol, 42(2) . 202-213.

YANG K, 2001. Characteristic and cultivation techniques of
Citrus maxima ‘ Mansailong’ [ J]. Fujian Fruits, 19(2);
24-25. [ 4, 2001. = T J Al AR R R R B R
(1], FREERR, 19(2) : 24-25.]

YANG PR, WEN B, ZHAO ZF, 2021. Effects of dehydration
rates and freezing rates on cryopreservation of grapefruit
seeds[ J]. Subtrop Plant Sci, 50(1): 9-14. [ #fif#, X
Mo, XIT , 2021, Mk 7K T 4 0 e il o 4 0] 4 4 il o1
FEAG T PR A7 R i [T ], 0 3R R A B 2%, 50(1)
9-14.]

YANG QH, YE WH, SONG SQ, et al., 2002. Seed
desiccation-tolerance and its relationship to seed types and
developmental stages[ J]. Acta Bot Boreal-Occident Sin, 22
(6): 238-245. [N, WHTTHE, RFSR, 45, 2002. Fif
T T P K 5 T 28 R R B B A AR O TR
[J]. PEIbHEPI=FR, 22(6) : 238-245.]

ZHANG N, 2014. The cryotolerance development and its
physiological bases in grapefruit ( Citrus paradisi Macfad.)
seeds[ D ]. Beijing: University of Chinese Academy of
Sciences: 17-30. [ 3KAi, 2014. 7 75 Al Fh 1 8 A% I 1t 7
MR E MHAEREER D], dbat. thE R B K
17-30.]

ZHANG N, WEN B, JI MY, et al., 2014. Low-temperature
storage and cryopreservation of grapefruit ( Citrus paradisi

Macfad.) seeds[J]. Cryoletters, 35(5) ; 418-426.

(RfEHmEE FZEB)



