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Study on physiological and biochemical changes of Celtis sinensis seeds
during stratification

Yao Fang, Gao Handong, Huang Ying, Tian Wen, Ye Dan, Riyangguli-Saimaiti

(a. College of Forestry and Grassland, College of Soil and Water Conservation; b. Southern Tree Seed Inspection Center,
National Forestry and Grassland Administration; ¢. Co-Innovation Center for the Sustainable Forestry in Southern China,
Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] This study aimed to explore the effects of stratification treatment on breaking the dormancy of Celtis sinensis
seeds. The changes in nutrients, endogenous hormones and key enzyme activities during the stratification process were analyzed to
clarify its hibernation release mechanism and find the best method for breaking seed dormancy. [ Method] Three treatment methods
were adopted for Celtis sinensis seeds: variable temperature stratification, low-temperature stratification, and gibberellin combined
with low temperature stratification. The physiological indicators such as soluble sugar, soluble protein, starch, crude fat, glucose-6-
phosphate dehydrogenase (G-6-PDH), lipase, indole acetic acid (IAA), gibberellin (GA;), zeatin riboside (ZR), and abscisic acid (ABA)
of the seeds under different stratification stages were detected to analyze the changing trends of these physiological indicators during
the stratification process. [Result] Stratification treatments can significantly increase the germination rate of Celtis sinensis seeds.
The effect of gibberellin combined with low temperature stratification treatment is the best, with a germination rate of 54.7% after
100 days of stratification. As the stratification process progresses, the trends of physiological indicators in each treatment are similar:
soluble sugar increased first and then decreased, and soluble protein, starch and crude fat were decomposed continuously. The activity of
lipase and G-6-PDH enzyme was enhanced continuously. IAA increased first and then decreased, ABA decreased continuously, and the
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contents of GA; and ZR increased continuously. The ratios of IAA/ABA, GA;/ABA and ZR/ABA increased continuously. Gibberellin
combined with low temperature stratification treatment showed significantly higher enzyme activity and GA, content in the middle

and later stages of stratification compared to the other two treatments, while the ABA content was significantly lower than those of the

other two treatments. [ Conclusion] Stratification treatment effectively broke the dormancy of Celtis sinensis seeds, and the method of

gibberellin combined with low temperature stratification is the best. During the stratification process, the nutrients, enzyme activities and

endogenous hormone contents within the seeds are mutually transformed, jointly promoting the transition of Celtis sinensis seeds from

dormancy to germination.

Keywords: Celtis sinensis seeds; seed dormancy; stratification; gibberellin; physiological and biochemical indicators

W Celtis sinensis NG RHAN B TR, R
P E, FEASAAELT. M. L. 28
S Mo R DR LA SR IR BUR S 2R RE T
HHEHaK, KR, EhRBERS, TTZMH
FIEMRMGA TR, ERITHIE B X
BB AATER . X RE B B 0 e AR B
A, AR RS R AR B b X YR TR R R
BT =" AL, MG R TN “ A
BEE + A5+ AM” ZoiA Y. FIHLIRR
PR R P TR I, WP Y PG 4 I DA AR R B
T ERSHELARGED, Bk=MHMXH
FERMAE N “ TS + 3K ZA WA IR
MR IE R AT B st i T s ) R
TR S AR EAEAMM F1 Ry “ IR JoR A5,
BT B3 ER A S, dhalh, A e A )
ST A, HARMA R, LS EEEMN,
AENER A K H M. BAr, ST AR5
FEERFRKGN T, ARG Y LK
ST, D% T Gn A T A A A b A IR B AR HIR I
FE AR AR B A AL AR AR B S AR ST AL D

AR TR % T4 7 N, A7 B
Z KRR E 7, (HFM R TR 2 1R,
BIERId 3 ~ 4 D H W mE #& M, K2R
AR U Bl RS A ORI R AN R TR 2R
CHIHERR, A2z IF R T AR T . AR SR i
RESHMK SR, HAEFA 41, Panetta!”
AN SRS B SRR oL, ] AN B
B & M Yoshikawa 2 U1 MU Sy S je 3t it AP A
MFRIRZFEREMA KR, EHEZ IR HE
H, RN Fh T2 E R ST I AN E 7K A AR T
HIPT 5] R W ZE A PEAR AR DRI, A 9 i R
Tt JZFAKE B AN P B R e, FF o0 BT A R
PRERGE A2 HR 8 FRW 0 B s OB I 1 R P R
o R, DA R SRR R ) A
FEALA, AT R B AR AR IR PR B A 7 V2%
R FR T A A A AR R B SR S AR P

U4 T

1 #MR5EEE

1.1 RIEs Rt

B Rl F 2022 4F 11 AR YL A UL
iz B 2 (29°24'50.8"N, 115°46'35.0"E)
P KA )5 B TG KR 48 h, Bl i@ i $E 6E
ZBRREE. BRA, BREEMNT, REHTE
T4 CUkFHRAF. B 7942 5.631 mm, FiiE
4.440 mm, TR &E 6.563 7 g, Ei%71180%, &
K& 7.262%.

W J5 37 B R o M, BT B3 s
Horf—4 I 200 mg/L 7555 R IE IR B 48 h,
RT 2 U EEKIZIE 48 h, RIBLE R HE
KB

12 G E

12.1 ERubE

RER R ZER, RRERMAEER - (KR
EAR 3 R . BT R SR N
3:1 Gmim) , IBWFIKEN 60% ~ 70%. L=
FUCKRER T« 3 — 0y DL /K I 90 [ R % A
FT0E2) CHRMF A h, G AN (4+£2)C
AERBRY 160, B HEZEME BSHEEN
100 d. 1REZFR CREFETD) & K 59— il KIRIE
R FE T (4+2) CAEFER 100 d. %
- RIEER GREEID - ¥RERFZ RS FM
FirET (4+2) CAESEM 100 d. ERERE
WA 20 RHURE 1 IR, 1B /KB 1 9T 5 BE AL % L
300 P FHEAT R F R, FIRFIFRCELE -80 C
UKFE R RAERFI 6
122 R 2750 g

W E AU FE AN 1) B N T 300 AL AR
FiF, 5% BIEERFLER T R 10 min, ZRTR/KIE
3~ 4R, ViR RON A R R AR K
Hah, AN 100 kifh 1, S E 3N EE, T
25 CAOGRIER IR FRM 598, KA 30d,
DAREAR Z8 8 b B2 BV 28 K T 7 948 — 5 R 3



46 3%

A2 S A s AN e O 221

Pt B H S F B ARG, 08K P40,
TER NS R ETHR R &
123 2R AR vp A A LR AR I I

43 N BUAS [ 2 B (6] Ab B 5 i Rp -, 25 Fe it
B, Fi R T A B A bR D SR R AE DS RN
HorpaT e VER PR B b R A A
77, AIEYEER A R DT R e i R 2
2 SV 59, M ETBE -6- BERERE (G-6-PDHD
T MR A IR & (S 20240321, TR
PNES B AR R A IR AR #HATIE, R
K BB e 2 vk kAT s 1Y
124 BiRsH

{8 ] Excel 2019 %% £ % 23 $ 4, f# A SPSS
24.0 BAFX B AT 77 Z 93BT (ANOVA) Fl £ &
L3 (Duncan) , f# /] Origin 2022 3 {41 &

2 HZREDH

2.1 AEERRLEEX AT L ZF R

AN [R] JZ R AL B AN B - R 2 2R R e ]
1 Fine BEAEERUREIR N, AR 1R 2 2
2 EFEa, Hh&idsERZRAEEmF 7
R ZE T AN KB R (P < 0.05)
FEJZFR 100 d I, &AL PRI R 2 R0 BN 29.7%-
27.0% F1 54.7%, KCEENIM R FHRSAE T . A2
NZEREE (P<005 . A4 54312
ERAEE, X —IGATREIE T AR XK
(4~10 C) HARFEMELLEN XA, it
DAFREI, 785 25 A2 AR A 34 B8 8 12 JE A 4% ol 1 A
BRARER, #ENBAIRE, FF 4~ 10 CRIRE %=
e 0 AR - 2 6T 2 R

22 FMIMTFERREREFBYIR S EMNEL

221 AIIEPERE AR

b E AR AT, &AL R RS &
R R L N=E WS Pl I SNl b ) 1
RS (E2) o JZ R RN Rl A
PEME S BN 2.374 mg/g. TE)JZRAVIIA, ] A bE
TR TR, A T 1R R 20 R B HAK
f (2.011 mg/g) , ALF I E 55 40 Kik 3 f K 1H
(1.800 mg/g) , ALBERIIAEZFRE 60 Kik 2 AKX
6 (1.835 mg/g) , AIAERFNTFL4ERFIFIRARI S5 A
HIEZ FHEREREIRY . EEHHPH,
VER R TS I S TR T R, SO AT I A
o BT B ZRE 80 Rk B KM,
YN 5235, 4.675 Fi1 5.068 mg/g. 7E/ZRG 1,

FACER T IEPERE S R R R, R R
PRERIZ D AR, il 2 0 R HITBA 1) A B 45 75 3K
FiF R EFER RIS ERE R Tt A ReE, BUEH
TEPRE . ER20~80d, FREM 40d 4,
HAZWMBACE T 54810, [IH) AT MRS =
BIGAEREZER (P<0.05) . 4 1 FMAFII
FEARF Z R ] S Bt R 2R
(P <0.05) o HULATLAHERT, JZAANTA], AbFEE
J 35) 22 S e AR o A ok AR IR B o] 5 PR W PRV
787 2 VR F AR UES -

70 -

60 |
aA aA aA

50¢
401
301
20}
10}

% 2 % Germination percentage /%

0

b
0 20 40 60 80 100
JE RS Stratification time /d

43 1 sz 1l I 4B

ANF RS TR FRORAE LR — SR AR () AN [ b R ) 22 5 3% (P << 0.05) 5 AN
[F) /NG G B RORAE R — AL FRAN A JE AN TR 22 5 2 (P << 0.05) o Rl
Different capital letters indicate significant differences in different treatments
at the same stratification times (P << 0.05); different lowercase letters indicate
significant differences in different stratification times of the same treatment
(P < 0.05), the same below.

B 1 FAEEREIEPIMITFILTFER
Fig.1 The germination rate of Celtis sinensis seeds
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Fig.2 The dynamic changes of nutrient contents during stratification in Celtis sinensis seeds
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Fig. 4 Endogenous hormone changes of Celtis sinensis seeds during stratification
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Fig.5 Endogenous hormone ratio changes of Celtis sinensis seeds during stratification
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