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Microscopic Observations and Endogenous Hormone Analysis of Flo-
ral Vegetative Viviparity of Nymphaea Prolifera
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Abstract: Nymphaea prolifera has a peculiar and unusual asexual reproductive mechanism called floral “vegetative vi-
viparity” which allows it to produce new seedlings directly from its flowers. Understanding the formation process of
floral vegetative viviparity and the effect of endogenous hormones on its formation will provide a basis for further elu-
cidating the mechanism of vegetative viviparity in N. prolifera and the biology of asexual plant reproduction. Morpho-
logical observation, paraffin sectioning and scanning electron microscopy were used to analyse the morphological
characteristics of vegetative viviparity flowers of N. prolifera as the test group and normal flowers as the control group.
Elisa assay was used to compare the deviation in endogenous hormones between “nutrient propagules” from vegetative
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viviparity flowers and pistils from normal flowers. Nutrient propagules were formed on the receptacle in the original
pistil area and are already formed at the stage of flower bud differentiation. In contrast to the flowers of normally de-
veloping water lilies, vegetative viviparity flowers only retained receptacle, sepals, and other organs; they lack petals,
stamens, and pistils. Then, the nutrition propagules could continually develop leaf and flower buds. The leaf buds were
mostly triangular and curled, while the flower buds were mostly hooked or conical and had many ciliated tissues on the
surface. A vegetative viviparity growing flower's nutritional propagules could give rise to several asexually reproducing
buds, which could then proceed to reproduce in a second and third generation once they reached a particular stage of
development. Endogenous hormone assays showed that indoleacetic acid (IAA) and gibberellin (GA) levels were not
significantly different between normal and vegetative viviparity water lily flower nutrient propagules, whereas jasmonic
acid (JA), cytokinin (CTK) and abscisic acid (ABA) levels were systematically higher in vegetative viviparity water lily
flower trophozoites. Vegetative viviparity flowers of N. prolifera had obvious differences in tissue structure compared to
normal flowers. During flower bud differentiation, the gynoecium of N. prolifera flowers was replaced by the nutritive
propagules to form vegetative viviparity flowers. Compared with those of the gynoecium of normal flowers, three en-
dogenous hormones such as jasmonic acid (JA), cytokinin (CTK) and abscisic acid (ABA) levels were consistently
higher in the nutritive propagules of vegetative viviparity flowers, which may contribute to the formation of the floral
vegetative viviparity phenomenon.

Keywords: Nymphaea prolifera; floral vegetative viviparity; morphological anatomy; microscopic examination; en-
dogenous hormone analyses
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Tab. 1 Instructions for sample collection
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Different stages of
flower development

RIS
Flower morphology
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IAA. JA F1 ABA WIEHE . HafbEyEz
RPN, R AR BL IR, Ay
AL RN AR YR , F5 HRP Ric A I
Puikss &, WP R-Mr iR ZE 5, &
HHEBEEREIEY TMB B, B AR A
FE S R IR B AEA DG, FHEEARAY (&R
5. Multiskan 352; F=Hb. 2522 ) ZEAHR AP K
TIE WO (OD A ), ik briE 2T B
HHEYI R & &
1.3 #iEAIE

fifi i SPSS 13.0 K% 544 74T Duncan 75 25
53H7, 18 F] GraphPad Prism 8 #{4F%4: il &I 481t
&, f#iF Microsoft Office Excel #4147 (E
My 21155

2 BREHSH
21 MNEEEZEEERLRSBRIEELRIIURE
SER

i85 L B AU A A B T AR ) Y I R AR R
(Fy) FifsfieA=4E2: (Py) nlgn (% 2. & 1),
PNA: WS TE AR Y SRR AL FEAR I AL H o T2
(Sp), MEESLHL (Pt) HATAHIL (Pt) Z Lk,
M S22 14 O 5 2 A AL OC AT, AR BT T
%= BT AR (St) B R, HIE
BREIER, HETHE LT MEER LR (Pe)
B THES R SMILAIZ, WERIG AL mT A,
e e R FIEAER e &k g, R A fE
JOAEME . WESEMUEERE , A DL A BURR AL 5 77 58
SR (VE) BUR, MANEFRERIRC &8 A T

x2 MNEBERTFHEEERSHAE
E RS FHELL R

Tab. 2 Comparison of morphological characters of normal
and vegetative viviparous flowers at bud stage of N. prolifera

FEAR TR TS

Sample name Morphological characteristic
EHAES (Fr)  AEFCRZE L TR, HAMES . ER
VAR SRR
AEFEAL M 2R 2 T2 R, IR 08 97 B
T, JOMERE . R MRS, B IR Ak b
B R

B EAEZR (Py)

A: EFAEE (F); B: BURAEIER (P2); Rp: (4G
Pt: MEEE; Sp: #EH; St: MEZE; Pe: fEME; Vi BHFREEHK,
Bd: #IFREHMA LR
A: Normally developing flower buds (F,); B: Vegetative viviparous
flower buds (P,); Rp: Receptacle; Sp: Sepal; St: Stamen; Pe: Petals;
Vt: Vegetative propagules; Bd: Buds on vegetative propagules.
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Fig. 1 Longitudinal section of normal and vegetative
viviparous flowers buds of N. prolifera
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YIRS IE 7 A F AESe (Foy F3) AIAL,
AR IESS F R R R0, HETHLE (Sg)
Hihgeat (K 2A. 2B ). TiALT P B Bery Ui A=
PESRIET DAL, B 45 e pE I SO R IV Hot
—B R, e R R T AUERIR A e, OF
Fre b 5 THEZE (Fb) MIMFZE (Lb), 462
AR, MEEE i RARITIR (] 2C ).

A: B BLIE® A, b TAHRMARE; B: FsMiBOIE®E TR,
C: Py By iG A 4645 ; Sg: ks Fb: fEBRAMYIEF;
Lb: fEMRIGLERIMZE; Fv': 88 AR A 4B
A: F, stage normal flowers closed during the day; B: F5 stage nor-
mal flowers; C: P; stage vegetative viviparous flowers; Sg: Stigma;
Fb: Flower buds of vegetative viviparous flowers; Lb: Leaf buds of
vegetative viviparous flowers; Fv': Second-generation vegetative
viviparous flowers.

2 MAEMEIEERAMEREREIIE
Fig. 2 Longitudinal section of normal and vegetative vi-
viparous flower of N. prolifera
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WIFGRAER (B 3A). &FRiaAE (Ps) 1
BIREAR AR K AT RIER B Fw',
WA AT AR Py, Hod s — ARG
A AE 2 v BV A A =AU IR AR fE 4k By (I
3B), [FBPEFRZ A FEsAEKE 3~5 FIR
IR, EARTE B G A/ NI B RS, e Rl
B A B BRSBTS 8 nT B

A BRI (Py); B BIGLFEHINAESE (Ps);
Fv: H—EIGEIESE; By S AU AAES; Fv: =R
it AESE; Fw': S ARIEW fE2%; L RIGEMBRET A

Sp: Eh,

A: Flowers in the middle of vegetative viviparity (P4 stage);
B: Flowers in late stages of vegetative viviparity (P5 stage);
Fv: First-generation vegetative viviparous flowers; Fv': Second-
generation vegetative viviparous flowers; Fv”: Third-generation
vegetative viviparous flowers; Fw': Second-generation normal
flowers; Lf: Leaves of vegetative
viviparous plants; Sp: Sepal.

B3 MEmEEBRELFTEHERKER
Fig. 3 Mid and late-growth of vegetative viviparous
flowers of N. prolifera
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Tab. 3 Observations on trophic propagules at different
periods of time of N. prolifera

EIR AR A2 AR R A 1 0
Sprouting of buds and roots on the vegeta-
tive propagules
H IR LB OB, TR A

AR, FEHHOEHA

e 3NN v TRt E SN YR
K R4

IR BB R aE B R AR

B 24 R

Sample name

BREAES: (Py)

BIREAES: (Py)

B A= 4E2% (P3)

1 |

YA | - . ;

A: BEFHR (P); B: BFH R (P); C: FRAGLERYE
Z (Py); D: EFREHIEMM (Py); Vi HIRK; Bd: 2
WE: FAZRY; Rt B4R
A: Double-budded sprouting (P;); B: Single-bud-ded sprouting (P,);
C: Buds enveloped in white flocculent material (P,); D: Vegetative

propagules sprout lateral roots (P;); Vt: Vegetative; Bd: Bud; Wf:
White floccule; Rt: Lateral roots in the early stages of emergence.

B4 MEEERRECRERBLFMRAGFEBR
Fig. 4 Sprouting of buds and roots on vegetative
propagules of N. prolifera
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Tab. 4 Paraffin section observation of normal and
vegetative viviparity flowers of N. prolifera

AR TR A D) A R
Sample name Observation results of paraffin section
IEEAS (F) HAHKM., THRE. RRFHEARE
G EAE 2% I BT R N BT S A A MR A T A
(P;) B, SHER Pk A AR FIE, S5k
HAR AR B ARG 2B AR 2 AR I

X s

Kl A, B, CHIEWARMADIE (F,); FD. E. FABIGEMLSADII (P), St: Hk#E; Ol IRER; Pe: LM
Oa: FHaE; HEHik: SFLARMIKEHL,; Bp: FEEE; Fv': B ABIRERSE: Fv': 8 =REIRAAESR;
Bt: BRORZIZ; Sp: =R, Wi NI ZRY) .
Figures A, B and C show longitudinal sections of a normal flower (F;). Figures D, E and F show longitudinal sections of vegetative vivipa-
rous flowers (P3). St: Stigma disc; Ol: Ovules; Pe: Petals; Oa: Ovary; White arrow: Rays of cellular tissue; Bp: Budding primordium; Fv':

Second-generation vegetative viviparous flowers; Fv”: Third-generation vegetative viviparous flowers; Bt: Ball-shaped tissue;
Sp: Sepal; Wf: Flocculent in the bud.

B 5 MNAEMEEELRMEEEELRMIE

Fig. 5 Longitudinal sections of normal and vegetative viviparous flowers of N. prolifera
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Bk, MRIR AR AR R R N Y 75 7 AR A 0L ) fROU
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XE AR (K 4), A (K 5) g
FIERARM LR G (& 6B ); Al LI
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A IEWAEAAE LR, LM N H P TP % BRI B: B4 MEEEIRARE; C: BURAMEE B IR AR T AL

W D R E:

WEEWIE s Fr AR RHOREIE . Mu FLRAL Fbr fE2F; Lb: M2 CL 7%,

A: Surface micromorphology of normal floral stigma discs, The dashed portion shows the upper surface area of one of the ovaries; B: Surface
microscopy of vegetative; C: Flower and leaf bud emergence on the surface of the vegetative propagules; D: Flower buds sprouting hook-like;
E: Leaf bud emergence situation; F: Flower buds sprouting conically. Mt: Mastoid tissue; Fb: Flower bud; Lb: Leaf bud; Cl: Cilia.

E6 MEMEEERAMLENBIRELRERERELT. HFRERER
Fig. 6 Morphology of normal flowers stigma discs and flower buds and leaf buds development on the surface
of vegetative viviparous flowers of N. prolifera
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