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Abstract: Paphiopedilum venustum is a wild plant under National Class I protection, with
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ornamental value and conservation importance. To determine the critical period for capsule
maturation and the optimal harvest time, this study investigated the growth and development
dynamics of the capsules and seeds of P. venustum. Capsules and seeds at 0-360 days after
pollination (DAP) were used as materials, and analyses were conducted through phenotypic
observation of capsules, morphological observation of seeds, and assessments of embryo rate and
seed viability. The results were as follows: (1) The capsule surface of P. venustum is waxy. As the
developmental stage progresses, the capsule color changes from deep purple to greenish, and the
mature capsule epidermis becomes hard. Two rapid growth phases were observed at 30-60 DAP
and 240-270 DAP. (2) During 0-210 DAP, P. venustum seeds were undifferentiated. During 210~
300 DAP, seeds white in color, and adhered to the placental tissue. During 300-360 DAP, seeds
turned from light yellow to yellowish-brown, gradually dried, and detached from the placenta.
Seed length, width, and volume at 360 DAP were significantly higher than those at other
developmental stages. No typical embryo structure was found during 0-240 DAP; embryo
development began at 240 DAP. The highest embryo rate, (90.55 &= 1.62)%, was observed at 360
DAP. Seed viability, determined by the TTC method, was most significant at 330 DAP, reaching
(68.33 = 3.06)%. After 330 DAP, with increasing time post-pollination, the seed coat became
denser, and the staining rate decreased. (3) Considering the overall development of capsules and
seeds, two rapid growth phases exist during capsule development (30-60 DAP and 240-270 DAP),
during which capsule length and width increase significantly. The rapid development phase for
seeds and embryos (240-270 DAP) coincides with the second rapid capsule growth phase. In
conclusion, under artificial cultivation conditions, the optimal harvest time for P. venustum is 330
DAP. The dynamic analysis of capsule and seed development provides a theoretical foundation
and technical support for germplasm conservation and artificial propagation of P. venustum.
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Fig. 1 Capsule morphology from 90 DAP to 360 DAP
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Table 1 Analysis of capsule length and width developmental dynamics
IS PR T PR
e Capsule length Capsule width i
KE wRKER  HAKE  #HREK  TREAH RS FRWE HEE LRRE Capsule
DAP KA /M i Coefficient e KAH R/MA B Coefficient  length

Maximum  Minimum Capsule ofvariation Maximum Minimum Capsule of to




capsule capsule length (%) capsule capsule width variation width

length length (mm) width width (mm) (%) ratio
(mm) (mm) (mm) (mm)
3399+ 5.09 5.61+
30 40.98 29.17 11.70 6.47 3.24 19.29
3.98a 0.98¢ 0.50a
34,96 + 521+ 517+
60 41.84 30.12 9.51 7.03 3.27 19.93
3.33a 1.04bc 0.16b
36.36 + 546 + 5.24 &
90 41.93 30.56 11.00 7.36 3.49 18.46
4.00a 1.01abc 0.16b
36.44 + 5.59 & 5.02+
120 42.09 31.84 9.12 7.39 3.55 17.28
3.32a 0.97abc 0.06bc
36.48 + 5.61+ 495+
150 42.11 32.12 8.12 7.41 4.47 14.80
2.96a 0.83abc 0.09bcd
36.91 + 571+ 4.84 +
180 42.17 32.81 8.51 7.48 3.81 20.31
3.14a 1.16abc 0.06cde
3712+ 595+ 4.83 +
210 42.21 32.93 9.96 7.51 3.98 16.13
3.70a 0.96abc 0.04cde
37.14 5.96 = 4.79 +
240 42.23 32.83 10.10 7.54 4.03 17.22
3.75a 1.03abc 0.04cde
37.28 + 6.02 £ 4.76 +
270 42.24 32.88 9.24 7.58 4.14 15.71
3.44a 0.95abc 0.02cde
37.30 + 6.05 % 4.70 +
300 42.51 32.94 9.67 7.32 4.16 14.49
3.6la 0.88abc 0.09de
3731+ 6.23 + 4.60 +
330 42.53 32.97 9.50 7.78 4.39 14.54
3.54a 0.91ab 0.04¢
37.60 + 6.28 + 4.58 +
360 42.56 33.03 9.24 7.96 4.78 16.02
347a 1.01a 0.09¢

H: NEFREFRORSKENA EEE (P<0.05) . TR
Note: Lowercase letters indicate significant differences among developmental stages ( P <<0.05) . The same

below.

2.1.3 R EFEASEK
ASTE) SR8 o R B MR 22 AR, 9 R E AR 5 RBON 9.85%~21.13%, 360 DAP
If 35 R B R 2 e T A (R 2) , N(0.6310.07) g, 3 I T S THU A, AL I

figf
&2 HREERE
Table 2 Characteristics of capsule fresh weight

A = PS5 FN] i R EE A /M HiRELE A5 2B RO SRS
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DAP Maximum capsule Minimum capsule Capsule fresh Coefficient of Capsule color and

fresh weight (g) fresh weight (g) weight (g) variation (%) condition
BEE, TREEK, &
30 0.57 0.32 0.42 £ 0.09¢ 21.13 Deep purple, shriveled

and elongated, soft



WEE, FREEK, &
60 0.59 0.35 0.48 £0.07de 15.19 Deep purple, shriveled
and elongated, soft

WEO, T, &K

90 0.61 0.37 0.50 = 0.08cd 16.40 Deep purple, elongated,
soft

BEA, BTE, &

120 0.64 0.38 0.51 +0.09cd 18.17 Deep purple, somewhat

shriveled, soft
Rh, BTE, %
150 0.64 0.39 0.51 +0.08cd 15.89 Purplish-red, somewhat
shriveled, soft
A, B, B
180 0.65 0.39 0.52 +0.09bcd 16.43 Purplish-red, relatively
plump, relatively soft
Homar, BULH, B
& Purplish-green,
210 0.65 0.41 0.53 +0.08bcd 15.28
relatively plump,
relatively soft
Homear, BULH, B
& Purplish-green,
240 0.66 0.42 0.54 + 0.08bcd 14.20
relatively plump,
relatively soft
0.56 4 HO ek, M, B
270 0.67 0.47 ' 12.34 fi# Purplish-green,
0.07abcd
plump, relatively firm
o, Mo, B
300 0.67 0.49 0.57 £ 0.06abc 9.85 Cyan-green, plump,
relatively firm
ST G, A
330 0.72 0.49 0.59 = 0.08ab 12.89 Opverall cyan-green,
plump and firm
AR IR, T
fif Cyan-green with
360 0.73 0.53 0.63 +0.07a 10.74
brownish tip, plump and

firm.
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Fig. 2 Growth and developmental changes of capsules after pollination
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a. 90 DAP; b. 120 DAP; c. 150 DAP; d. 180 DAP; e. 210 DAP; f.240 DAP; g. 270 DAP; h.300 DAP; i.
330 DAP; j.360 DAP.
& 3 90 DAP % 360 DAP Fi 7 g2
Fig. 3 Seed formation process from 90 DAP to 360 DAP
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a. 270 DAP -7 K/); b. 360 DAP 1 K/h.
a. The seed size at 270 DAP; b. The seed size at 360 DAP.
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Fig. 4 Seed size at 270 DAP and 360 DAP
HIZ% 3 AT, 360 DAP A FE AR 1 95 B2 5 . 25 v T AR AL &, KA
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Table 3 Analysis of seed length and width dimensions
V7, 2t/ /. o
%@f T T 9 ij;;i) T
Seed length (um) Seed width (um) Seed volume (x10* mm 3)

DAP width ratio

210 198.69 + 10.39f 30.50 £ 0.79f 6.52 +£0.25a 4.85+0.48d
240 330.67 £ 15.61e 53.80 £ 3.64¢ 6.16 = 0.38a 25.02 £4.15d
270 627.86 = 19.55d 105.07 = 5.50d 5.99+0.13a 181.83 +25.27d
300 924.60 +49.02¢ 211.46 £5.71¢ 4.46 +0.14b 1102.67+113.78¢
330 1175.32+90.87b 254.51 = 19.00b 4.64 +0.52b 1999 +£312.07b
360 1324.31 +63.29a 296.02 + 7.63a 4.48 +0.14b 3037 £282.80a
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ARBMERE RN H R AR EEREE (K4, 240 DAP ZRiHFFidF
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Table 4 Temporal analysis of embryo-bearing rates in Paphiopedilum venustum seeds from 210

DAP to 360 DAP
T R B Tt A 5 L JRAAR
eI FIE 75 i GLiES
. Embryo length ) Embryo length ~ Embryo volume (x10
KE Embryo width (um) ) i Embryo rate (%)
(um) to width ratio mm®)

DAP
240 80.36 + 0.94d 48.47 £0.74e 1.65 +£0.04d 1.64 £0.03d 37.74 +£4.52d
270 93.18+£2.99¢ 59.6 +0.58d 1.57 £ 0.04e 2.71+£0.20d 4438 £3.93¢
300 303.47 £ 5.78b 99.35+1.72¢ 3.02 £ 0.04a 15.32+1.07¢ 67.5+4.05b



330 317.25+2.29a 113.48 +2.30b 2.80+0.05b 24.09 +0.78b 87.52+1.67a
360 320.85+2.10a 124.77 £ 3.09a 2.57+0.06¢ 27.15+0.76a 90.55+ 1.62a

210 DAP B F-5 I 45504015 MT, 240 DAP FhEIT 455340, 240~270 DAP B Rl FFH L
W R B W, BT ARERAM IR AR R Z K (& 5) .

200 —a— fiiF{A£H Seed volume 130
—s— {4 F Embryo volume

3000

2000 | 415

Embryo volume (x10™ mm?)

1000

Fh T2 Seed volume (x107* mm?)

A
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24} A K AL DAP

&l 5 ¥ KK E S
Fig. 5 Seed and embryo developmental dynamics
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T RCRET i, FRIRGE/N, D R REAE Se, 270 DAP B/ BT RERE TTC JL it
RNt (B 6: a) , TEIAE, JEEN (4233£3.060 % (£ 5) . 300~330 DAP K
HoaFh T EEATE ), B BIRA B, BRI AAFE (B 6: by o , FfRsj)
N (56 +4.58) %A1 (68.33+3.06) %. 360 DAP I}, Fpfh iz iR, FhHR%E, /NB
SReg bt (6 d) , PRy (45.67+3.06) %.

% 5240 DAP £ 360 DAP FiFEF R
Table 5 Staining results of seeds from 240 DAP to 360 DAP

ok Ja R Jetn TR
DAP Staining rate (%) Seed condition
Bl B2 Ao, RGN, BRI
240 26.33 £ 3.06d
Seed coat transparent to white, embryo small, stained light pink
T BOR T, TR G R
270 42.33 +£3.06¢
Seed coat light yellow, embryo stained light red
Bl O IR A (e, RFR Tl e N ALt
300 56.00 + 4.58b
Seed coat yellow to light brown, most embryos stained red
T B AR L, R 3 o A S R A1
330 68.33 +3.06a
Seed coat light brown, most embryos stained a darker red
TR AE T, KER T R e N A
360 45.67 +3.06¢

Seed coat brown, most embryos stained red
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a.270 DAP f 74 (45 0L; b. 300 DAP i 4Ll 5L; ¢. 330 DAP Fi 4L talif s d. 360 DAP Fi 1 4L (il
Do
a. The staining results of seeds at 270 DAP; b. The staining results of seeds at 300 DAP; c¢. The staining results of
seeds at 330 DAP; d. The staining results of seeds at 360 DAP.
&l 6 270 DAP £ 360 DAP F-F 3L A5
Fig. 6 Staining results of seeds from 270 DAP to 360 DAP

2.3 DAP 538 KA KA

K H Pearson #H ¢ R U075 70 Y8 =528 J5 K2 (DAP) 53R KA1k & #H47 M e 1
aT. i (B 7) KW, DAP 5¥iREFTRE AR IR R BARTME, A,
FEARRL . AR, YL sAE 180 ~ 210 DAP M LA JG EHIMR MR IEH DI, ML RE LA
0.9 BL E, 210~240 DAP H A AT 5 A A AHC R4 0.991. 543 0.991, B BHIX L
TebrE R LR B F W R — SR . B RA IR (KB, TR, fEE) S5Hhr
FHRABAR A M E I IR BB E S, 1 180~210 DAP Z A M G R 55 5 2k,
1M 210~240 DAP Jz LU 35 SR 8 5 P AR AR AT 0 IR S IE ARG, 101 210~240 DAP 3
Rl HE SR ABUECRE0.973, RIHEHHR KR E 51K E 1550 CBOREE . 1tk
Ab, EEDEGARSCE L, W1 270~300 DAP 33 % & 5 H AR 3 Febr (-0.368) . 330~
360 DAP Jefa R 53 FabR (-0.434) , (HEKIEMICR TS, AARKE MBI
M 22 FTE MR I T R SR R E IR R S AR IR P PR R B A

BRI KBS, B EMHRERE P AERNIOERE B, 30~
60 DAP F1 240~270 DAP, {EXPHMGEKR B BRI, WEMEERA, HTRE,
BEEANR, BEE R BRI, R TE RN, RAE I, BRIt R g
NG F5IT Y AT AR IR R B B8 240~270 DAP, X 55 R R PE KR H
HW4, 210 DAP B FFIF4E40 4k, 240 DAP FHRFFEA & &, 300 DAP B Fh 1K 55 Lk 5 %
i/, PhPEEINRNE, A IRRBEE R E BRI E n, Y@ IR 330 DAP B #IA R K
fE, 360 DAP I, PRz, YR T, XRPFBINAZEM FIREEB KT, ML
5 330 DAP (B R, W HREEE (0.5940.08) g, KEAN (37.31+3.54) mm, %JF
N (6.23+091) mm, KFEHN 4.60+0.04. 255 F I E T 330 DAP N Rl 1- 3£ 47



TALER, FTREARHR, M BIBTR FIRCR . ASHE TR IR 0~360 DAP 3 4 S fl 1 1) 2h 4 &K
BEOL, NESMTRIERE BTN TKE, AFMREERRE SR HRESE.

Pearson's r

1.000
0.967 0954 0.9 -0434

0.919 0.985 0.969 0.889

0.989 0.995 0.962 0.907 a5

0.983 0.978 [ULER 0.955

0.973 0.991 0.991
I 0.426

= 0.139

~0.148

0.435

B 7 DAP 53R K7 K E A Z 8 FIHH

Fig. 7 Correlation between DAP and the developmental dynamics of capsules and seeds
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