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(1.2 BREXF BHREERFE, H G 330045;2. 2 BMZXF ZRFHE, &G 330032)

B E AR AA TR E SR IES SN S AR, B b A o 5 R R A, LIRSS 7,14,21,28,35,42,
49,56,63,70 d I HT AR R FGE AR 2B SO (9 566 |, 25 G 13k 25 S 1 G—250 3R B0 L (6 701
SE T 1 B 7K R D CRT e M T R B 1 R ) 2 ik S5 SRR - 0 A I P I 9 1 25 K A3 55
(72.47%) , BA= 15 71 (83.33% ) AW W5 (61.40 mg-g™") JEHKH (35.65 mg-g™) (19 & I , T il VPR 2R 1 0L & il 2>
(0.70 mg-g™) , AFE PR FRiME . HAEFD IR SR RAE , vl H L & i e 43 R 2 AR (AE )5 7~14 d) RS
AT (FE 5 21~28 d) BB 91 (18 )5 35 d) R A B I (FE)G 42~56 &) FLE] (T8 )5 63~70 d) 3L 5 BT, 474
B 70 do TEREAN S B WIIR], b B 99068 H ) R 9335 11 €8 728 Rl €8, e 20 g R s R LI O VE A L T s M R
LB BB A B R AR 3 BT, Sk R 3 N R o BT 42 AR A aR TR B B AL, IR IR
RRIRZERE , AE)5 56~70 d B Bl IR & T L, & 2R 390 0 8.67% . 14.33% 1 23.33% . 45& A w110 R B iSRRI .
SN T A RRNEAE Ak S N 2 0 A AR | B 5 3 B I RO A AE S 63 ~ 70 d, RIVECFERN B i il a7 S e, K o
72.47%~74.13% WRN, JBT A+ 2 58 T B AR 2 H B8 & 77 o
BRI A s RN BT R R 5 ATV TR E R s AT PR R
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Morphology and Inclusion Changes in the Development Process of
Lycoris radiata Seed

CAI Junhuo', SA Rina', YOU Xin', WEI Xuying’, WEN Ting', FANG Zian', WANG Xi'

(1.College of Landscape Architecture and Art, Jiangxi Agricultural University, Nanchang 330045, China;
2.College of Art, Jiangxi University of Finance and Economics, Nanchang 330032, China)

Abstract: To explore the morphological and inclusion changes during the development process of Lycoris radiata and
determine the appropriate harvesting period, fresh L.radiata seeds on the 7, 14, 21, 28, 35, 42, 49, 56, 63 and 70 days after
flowering (DAF) were used as research materials. Based on morphological observation, the moisture content and contents
(soluble sugar, soluble protein, and starch) of the seeds were determined using drying method, coomassie brilliant blue G-
250 method, and anthrone colorimetric method. The results showed that: the moisture content was still high when the seeds
were mature and fell off (72.47%), seed viability (83.33%), soluble sugar (61.40 mg-¢™') and starch (35.65 mg-g™') was
high, while the content of soluble protein (0.70 mg - g™) was very low, which was consistent with the characteristics of
recalcitrant seeds. Based on the characteristics of seed morphological changes, its development process can be divided into
five stages: vacuolization period (7-14 DAF), liquidization period (21-28 DAF), gelatinization period (35 DAF), embryonic
development period (42—-56 DAF), and maturity period (63-70 DAF), with a duration of approximately 70 days. During the
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entire developmental period, the color of the seed coat changes from initially translucent white to brown, and finally to
black; The content of starch, soluble sugar, and protein in the endosperm significantly increases with the extension of
development time, while the content of moisture content decreases significantly. Among them, the 42 DAF is an important
node for the development of L.radiata seeds, and the embryo structure begins to appear. The embryo matured at 56-70
DAF, the germination rate were 8.67 %, 14.33% and 23.33%, respectively. Combined with the changes of internal and
external morphological characteristics and inclusions of L.radiata seeds during the development process, it was determined
that the appropriate harvest period was 63-70 DAF, that is, it should be harvested when the seed coat turned from brown to
black and the moisture content was 72.47%—74.13%, when the seeds had completed dry matter accumulation and have
germination power.

Key words: Lycoris radiata; recalcitrant seed; seed development; soluble sugar; starch; soluble protein

1 #5[Lycoris radiata(L'Her.) Herb] i 1 55 Bl (Amaryllidaceae ) £1 3 J& (Lycoris Herb.) $# {432 5 BRAR
FEFF, B ARV S PY g #548™ , DU ZE b o nd 0 R WA 25, B R 7K i A ™ s
AR AE AR AL T PSR, WP  BEARAE” B B F (B, 200 R Y e Ak Ak S DI AEAE )
MRE, T oK H AR (HA A SR AT 45 52 2800 Wiy & it i PR S5 T R0, A7 A e i %
B g B 2 AL TR v 0 AR SRR E T

Foft B2 00, K S AR 4 B T A7 S50 1 1) s R B2, DT A e 3 " ) SR i )™ P e
L FLBR TP (Schisandra chinensis) F1EAT" (Phyllostachys edulis) 7€ & B W 7] HOE R $8 bR = 300
BERIM AR LGS RS AR RS TPOER 2 SRS (Brassica oleracea) Fi 1 & & 25 60 d i}
A BB, 1 e 9 (5 P A DA e 0 ) R b 7 19 27 R BE T 3 9890 , 1 3k B AL A SR SO e . H
N [RIAE D) b~ 8 SRS TB] IR AEAE 22 5%, ANSETE (Notopterygium incisum) Fh—FHEAE T 42 d fHFEASE R, T
HIBA R E LB, 515 5 (Mangifera indica) - ) AR 31 000 B8 25 42 < 58 3 5 465 110~120 d A
IR B 58 A AR, B EoK BB B IR RE T RREE T RE, Ah B K F ok 7 W) R B
HEF B sh AR AL, nT s M E S A A RE R TR, Bl KA (Cinnamomum migao)ﬁ%ﬂ"]?’iﬁ
HE BB S M, 28 (Pinus koraiensis ) FIR AT (Ginkgo biloba ) F 1 JE ) FIRT S PE R H B A9 &
W B 8 I I] ) A TR B T ik =5 Z TR A B IV FH DA AR IR A0 T & B 4R AL T i)
Lo R AT, R T A SRS TR, X T4 s A SRR BRI A P B O L I
ARk XA R IR AR Rl 5 BRI S 32 A R T T AR A PO R R U 2
PCHLTR S5 7 T8, TAT A w1 & B i B TP S e N & W 28 A LRIT S i oK WLARaE . PR AR5
R A A R E AR TR N AMIE SR EOK R VB SR B S AR IR AT AR TR
BRI , 3 R O A SRS L LA O 7 s 8 BB AR o B AR A B2 P AR
1 #RE5FE
1.1

P A 55 (Lycoris radiata) ISR T YL VG AN R 2250 FL B #HETT (28°45 ' E; 115°49'N) , T 2023
£ 8 13 HFEHLZESE 100 Bk A s #E AT ARICHER . 56 T PR A Fi 60 A0 3r T AR e 90 , DA oK
TEWINAEIS 0 d R A AEIS 7 d TP IR RAE  BERR 7 d U 1R, ELEFp T B % o —FF 507 H e &
KR RIE S MEL , 51— 50 B T -80 CHRBARIRVKAS th O A7 , T A BRAR AR E o
12 7k
12,1 REAR B BHRFFTAREESNE  HIEST,14,21,28,35,42,49,56,63,70 diYf1
FRAP T LORL, 22BN RS U DIIT , T 45w AR R U5 (Stemi-2000-C) '~ AT IRIC 5%
122 ARAXA MG EHATIHHEMNE HIHIEIET, 14,21,28,35,42,49,56,63,70 dAY 41
FRAP T2 1OKL, FHIERR R R 50 i f 7 O B RS 36 500.01 mm, R AbPRBE B3 E AT I 5 4
RBCFE . TEZE N B OCIRME T WA A 5 Fh BB, e s .

123 RERA MM B3HRFFTERERNT PHEUIERT, 14,21,28,35,42,49,56,63,70 di {1755
Pl 25 1067, 7EZ (25 °C) T & T+ R PR (W) A5 15150.001 ¢ Bl & T (103+2) °ClE
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TR B E PR L R R T E (W) . R E A E A W 2 RO E .
75 7K & (moisture content, MC) B EMN (1),
P35 K2 (%)=[(W,—W,)/W,]x100 (1)

1.24 REVAA 6 B35 T ARIBAFNE ATV (soluble sugar, SS) & 1 5% FH R L ¢4 15 U
2 AT PE SR E (soluble protein, SP) 7 % 2% By 3122 W5 G-25016 I %2>, 3 K (starch, ST) 7% >R
A& R R AR PR A BR A w4 7)) #- A7 I0E , BARIRAETE W3] 45 .
125 &apfrTAZAMNE RHAZEMNME(TTC) &k B AWM (L5 70 &) A wfh 7 BEL
Pk 1 45— B 300 R, K ERAMER A 2 S UGN VI B TR SR ML 3 A 25 “CTOBRRN T35
FEFFIMAO0.5% TTCHE AN K O BRI 08 h, Bl J5 WS I Ge T A sl R 2 (i O, g A A 5 3 YKk
5. A5 11 (seed viability) i35 07 B = (2) .

A= 15 F1(%0)=(G £ IR B0 S Rl .50 <100 (2)
1.2.6  BapAtF oA &K% SRR M UEACE ST R 785 25, 2 5lIE)s7,14,21,28,35,
42,49,56,63,70 di A1 5 AP 145 30K%, 1% KMnO, % 4 E75 minm B ZEME AR 3R, B TR,
BANT AR AT R 25000, A B3 E R . N TR 25 °C IR N 55% , 6 JE 1k
12 WG 12 ho YRR FEREFP K B IR &, Ge it i [l 4¢ 2230 do A B & R 0k 1 7 10 [R] A W T TS
Yo R BERR T, I S g8 GO A K . BT & 2F 2R (germination rate, GR) TR AW (3) , Fh 7 4
ﬁ%(germination energy, GE) TR Ik (4) , Horr, & 2F @ e & 2FFh 1500 & 2ZF S 14 R &
AL

3

KZF (%)= (K ZFFh TR BT TR )X 100 (3)
P ZF B G0 =5 2 R WU A 2 o 250/ (R - 50% 100 (4)

1.3 HIEAESE
FIFH Excel 2019 JEA 750G H , SR FH SPSS 22.0 8R4 %R E e E17 G it Mt , X 25 SR b 45 05 2543
Mrfn 22 8 e 5 #r , JH Origin 2021 3k AF3-A 722 14

2 ERESH
21 AEREHBERMHT HRESBEEL
MR AT AR R T 65 R ) R O A5 A b, T LA JCEL PR 5308 5 . (1) 2 3 A i 39 (7

J5 T~14 d) W) EFD AL R A KL IR Sh R 2 AL, AR i RS o CID WA ) (1B )=
21~28 d) : M5 NN AES T, NI, TR s PR o (D ALY (FE )5 35 d) < b1 N &R
WAL Sy BT T IR B IR FLAE A o (IV) IR & & I (FE )5 42~56 d) Bl 5 IR IF 46 H U, 7
S A A 1 (VO A (B 5 63~70 d) « Bl 72— 20 & 75 G, IRAlh IR A7 i B 28 4 B 58
4, B e B IRES 1

1~10 53310465 7,14,21,28,35,42,49,56,63,70 d (A3 F o a JRFL ;b R ;e F0 5 d. AR s e R4
1-10represent the L. radiata seeds at 7,14,21, 28, 35,42,49, 56, 63,70 days after flowering, respectively. a. Endosperm; b. Embryo; c. Cotyledon; d. Radicle; e.Hypocotyl

Bl ARXERBEFHTFHBEEENL

Figure 1 Interior morphological changes of L. radiata seeds at different developmental periods
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22 FAEZBERHPAFMTIMNIESSFET L

A BRSNS A B R T AN R B B A SRR T AR A R AR
fbange 1. f6J5 7~56 d A s TR ARG 2 B3 LIRS ZNBON A s M FA KR
HEJE I 5 46 )5 56~70 d B A s FP IR O TRE , o8 24810 465 70 d BHFP PR Kk 2]
B KAB L 2394 6.86 mm F17.91 mm.,

®1 TRZEHBAFMFINIEESE

Table 1 External morphological changes of L. radiata seeds at different developmental periods

ELL )5 K& The days after flowering/d
Index 7 14 21 28 35 42 49 56 63 70
i K /mm i : . )
X 3.06+0.02" 4.25+0.01¢ 5.23+0.04" 5.69+0.01° 5.87+0.03! 6.57+0.02¢ 6.76+0.01" 6.85+0.01* 6.85+0.01* 6.86+0.01%
Horizontal length
K /mm

. 4.32+0.02" 4.92+0.05¢ 6.37+0.03" 6.67+0.02¢ 6.89+0.01! 7.15+0.01° 7.41+0.02" 7.85+0.01* 7.90+0.01* 7.91x0.01°
Vertical length

i A — AT AN E NG RSO R AR B A 22 57 2 (p<0.05) . T IF].

Note: Different lowercase letters in the same row indicate significant differences between different treatments (p<0.05).The same below.

BUAN, s b Bz B et R & B B TR R Rl i AEfE 25 5 (K 2) o FE R BRI (e 7~28 d) , F iz
Bt i s L L, BB B RN T i AR S kB T (R 5 35~49 d) R 2 B ol B B £
2RAFWAEIT 56~70 d)Fh 7 5 €0 i 48 (055 28 B e

B2 ARE%EZERBAFNTFHIIMIES

Figure 2 External morphology of L. radiata seeds at different developmental periods

23 FAREZERBEFHFESKELZWN

b V1 3 T, 25 B B 92 4 o K
AR R TR FEER 7~35 d, Ak 5K s .
BN R IER 3542 R T KR T 2 o R,
W85 I 4249 d it S ACREBRAT 17t (B S = ° \/d
S T W EALIR 70 dF0 T Sk R 72.47% 2 &1 s N
AR I R *2 \
24 TEABHBAERMTERYRAREN Y

AR T L AT 2 R A
4a) , T AT VA PEREFIE KD & 8 (1 4b AT 4c) o P
R IR 5 B 40 0 M TP 2 4 BT e 0T
VER A AL R SR L 2 R B TR B The days after flowering
AT RN S R AE LSS T d IR A 33.62 mg g B3 REAEHEEEHTSKE

556G 14,21,28 dHILIF O B35 25 57 H& AR Figure 3 Moisture content of L. radiata seeds at
HEFFAE 33.62~36.41 mg- gt BALSG 70 d T IAE MRS different developmental periods
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A2

BN W TAAE
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EIREIRE, 6140 mg-g' s TEM T BEEAMMTRE

AR TR TR B AR R AR

HREEBR . K BHINTER & i B W2 BT B AEIS 35 d ek 7 A0 5 22 5 (R 8.26 mg- g™,

RifiJ5 w2 LA R AR 42.21 mg-g ' (fEF 63 d).
R FEAN K, FEAE ST T d s ] PR 2 1

AR

WA BT P B
FEEAK(0.15 mg-g™) , )5 70 d B AT i 8 0 sk B (E

(0.70 mg-g™) , -5 HAAS s [E] b LA A7 A6 {035 2 55, B 3UIA LG T v 1k 2 19 o & BB 0 78.35% .

Lor sor | 90F .
= a
® 0.8 a I NS
X { ~ ® /b wEost
=: w2 4 £z
&5 be ¥ EE[ 4/ 3 3 :
i é [N EE-‘ ; - <« %L60 a
L 50.4F = 4 g 20} E o he b7
1 < —
e d d/ Py f # g g
Ealiy de - 1 = i gh R 245t e
g2 e O = ST ~J/ e e/
= Im ﬁ/if—‘f/"/

7 14 21 28 35 42 49 56 63 70 0777714 21 28 35 42 49 36 63 70 3071421 28 35 42 49 56 63 70

[AZPR AU

The days after flowering

HAEPR |

The days after flowering

1R R Hud

The days after flowering

B4 ARAXERBEHHTFEFRURSESTN

Figure 4 Nutrient content changes of L. radiata seeds at different developmental periods

2.5 AREAERBAEFHFFERRFRHEL
HI3R 2 AT, A s PP 7 R B 0] T B R 4 LI, 7efb)n 14~42d T3
TFIEIN L B IR AR K f A RS 4B 42 d S Z S Ry i T RO BB 22, O A AEAE

70 d BB AR E BRI b 1A= 05 13551 83.33%

R AREEMPEFMFTEREFETH

Table 2 Changes in dry weight and germination rate of L. radiata seeds at different developmental stages
AEJ5 KEL The days after flowering/d

EELAY

Index 7 14 21 28 35 4 49 56 63 70
TH/g ) , ; , . . .
Doy ey 0:02£0.00% 0.0320.00+ 0.1220.00° 0.22:0.00° 0.24:0.00" 0.35:0.00° 0.340.00° 0.43+0.00" 0.56:0.00" 0.5620.00°
ry weig
BFRI% ] ] 1 ] ] i ] : { .
0.00+0.00" 0.00+0.00" 0.00+0.00¢ 0.00+0.00¢ 0.00=0.00¢ 0.00+0.00¢ 0.00+0.00° 8.67+2.96° 14.33+2.96" 23.33+2.03"

Germination rate

K EERI%

Germination energy

6.33+2.03" 9.76+2.03*

0.00£0.00¢ 0.00+0.00° 0.00+0.00° 0.00+0.00¢ 0.00+0.00° 0.00+0.00° 0.00+£0.00¢ 4.00+1.00"

A, I % & E 7,14,21,28,35,42,49,56,63,70 d B A1 mi b T HEAT & 2R R0, K IR TAER B
56 d I 4 O BAS W RV 0, R 2F 3 KR 2343 51k 5] 8.76% Fi14.00% 5 T 2 AL f5 63~70 d Ff -1
71—*;4?1 T HAL & T R, K3 14.33 %H123.33% , G & 2538403 513k 5] 6.33% F19.76% , 1%
5 HAA e B IR LSt B b G .

3 e 54%ie
7 B ALHE AP S AR TN S A AR A A T T, B SR B R Rl IR K ) AR b

BRI, AT s P 5 — AR 10 A o N A B o (8% F R (FE ) 0~56 d) B B B0 2 7
1% R B (0, A8 56 d I B B0 TR TS e (o, =BT i (FE )5 70 &) R BB 52

lZl [28]

BB R T YRR K LA T B R B BT ES X 5T (Viola phi-
lippica) P55 WFFE 45 R FEASKHANR, 8 WA o Bz 290 8 BB A5 A A — 5 R P L RE S 0 UL S b 1 2

BiE AR 5T dBT AP 5 KB 1L 91.66%, EAEJG 70 dFhF & K B IR 72.47%, 5 H %
SEROI I 5T 5 TR — B, S K R T FA RS A B PRI R R R R e N R L X — i A R T
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KB B bR T IPAL R 1 Ok B e R W AL B AR ) AR AR, A0 B 42 (Bro-
mus cartharticus ) #-38 ELSCER P 15 K8 26.49%°", A AL L GAZ (Taxus cuspidata) M 22%™ . 1
A, A TR B A1 PP ELA B AR 1 (83.33%) , HRFL N A PERE (61.40 mg-¢7") FITE K (35.65
mg-e ) FEENFEE HATEMEEAT(0.70 mg-g™) & AR A5G B F -1 EARIEY

A TR & #ERE T & ) B2 AL g IR A B T S G b 402 o 14 26 BB B, it — 2
PR TR BT S A HRCR . AR, IEE PRI KPR AL 2 — R E R AR R T
XN 2 KA AEF TR B B b Al PR Sy 4 P ) EZERE IR T, S R AR E
JH B FHES AR T R BRI (FE G 7~28 d) Al PERE & AT RS E , EAEJT 35 d IRl PEAE
i T VER S A B RN I T R DA i ) B i A ) T i K A D T v R, D
P &R A TG ST o SR, TEA A R B G (IS 42~70 &), B (IRFL) N RS TE RS L AT P
RIS R 0 A S R 0, 3 55 R 0 SO 75 R (Litehi chinensis ) FINE 5e 55 AR A
(Ginkgo biloba ) Fh—¥ I AT 245 S A — 25, Ul B IRFL N 0935 52 9 o AR R AR B, AN DU S e T 4B )
AR AT SRR S 0 B, I R TR

AR, A 2RO EKIE , FE M LR A, AT SR 70 do RIES
FEOEAAE AL, , PR R0 53 23 W AR GRS AR BB Rk B ERHH A . BN RE
SR I K G 85 0y 7 o AE BRI T I 25 K B AT R 3K 72.47 % , AT TSV T4 5 TE K | T A
EAREEERE L, SKERERE TN BES . %50 A5eE 63~70 dIFr 5 B it
AP 2 58 BT B AR 20T A S8 B R RS 44, 38 5 R
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