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The structural and developmental characteristics of
floral nectaries of Litchi chinensisand their
biological significance
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Abstract Floral nectaries attract insect pollinators through secreted nectar. The structure and
the size of floral nectaries are determining factors of the quantity and concentration of the
nectar produced, which may consequently influence the patterns of insect visitation. In this
study, we examined the structural and developmental characteristics of the floral nectaries of
Litchi chinensis of “Nuomici” and “Feizixiao”. In two variety of L. chinensis, the floral
nectaries of both functional male and female flowers are located between the cup-shaped
calyx and the ovary. These floral nectaries are typical structural nectaries, formed as
protrusions on the surface of flower receptacles, and at the mature stage, they are composed
of epidermis, nectariferous tissue, and vascular tissue containing only phloem elements. The
epidermis of the floral nectaries is covered with numerous epidermal hairs, with sporadic
stomata distributed on the top surface of the nectaries. Before the nectaries start to secret
nectar, the nectariferous tissues are filled with numerous starch grains, which display regular
changes before, during, and after nectar secretion. The nectariferous tissue contains two cell
types of different morphological characteristics. These cell types presumably have different
functions, either for nectar synthesis, or for protecting nectaries from damage by phenolic
compounds. The primordia of these nectaries initiate during floral organ differentiation, and
its development coincides with the formation of microspores and macrospores in the male and
female flowers, respectively. Based on these structural and developmental characteristics, we
discussed the ontogeny and phylogeny of the floral nectaries in L. chinensis and possible
evolutional adaptation of nectaries for effective attraction of insect pollinators.
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Figs. 1-8. The structure and development of floral nectary in functional female flower of Litchi chinensis. 1-6.
Morphology and structure of nectary at stage of flowering peak. 2-5. Longitudinal section of nectary. 6. Cross-sections of
nectary. 1. Morphology and surface character of nectary under SEM (removing part of calyx and some sterile stamen ). 2.
Showing differentiation and character of nectariferous tissue. 3. Showing structure of nectary. 4. Showing vascular tissue in
nectary. 5. Showing stomata at the top of nectary. 6. Showing the distribution of vascular tissue in nectary. 7, 8.
Longitudinal section of early alabastrum, showing formation of nectarine’s primordium.
A, anther; Ca, calyx; E, epidermis; Fi, filament; N, nectary; Np, nectarine’s primordium; Nt, nectariferous tissue; Re,
receptacle; S, starch grain; Se, sieve element; SNt, specialized nectariferous tissue cell; St, stomata; VB, vascular bundle.
Scale bar: 50 um in Figs. 2, 5, 7, 8; 100 pm in Figs. 3, 4, 6.
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Figs. 9-15. The development of floral nectary in functional female flower of Litchi chinensis, longitudinal section of
alabastrum or nectary. 9. Early alabastrum, showing development of nectarine’s primordium. 10. At the early stage of
stigma outside calyx wrap. 11. At the stage of style elongation. 12-14. Nectary at the stage of style separation. 12. Showing
character of nectariferous tissue. 13. Showing starch grains in nectariferous tissue. 14. Showing vascular tissue coming
from receptacle and entering nectary. 15. At the stage of style atrophia. 16, 17. At the stage of flowering peak, showing
morphology and structure of floral nectary in functional male flower of L. chinensis. 16. Nectary under SEM (removing part
of calyx ). 17. Longitudinal section, showing nectary structure.
Abbreviations are the same as in Figs. 1-8.
Scale bar: 50 um in Figs. 9, 10, 13, 15; 100 pm in Figs. 11, 12, 14, 17.
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Figs. 18-26. The structure and development of floral nectary in functional male flower of Litchi chinensis. 18, 19.
Structure of nectary at the stage of flowering peak. 18. Portions of longitudinal section of nectary. 19. Portions of
cross-sections of nectary. 20-26. Development of nectary. Longitudinal section of alabastrum or nectary. 20. Early
alabastrum, showing nectarine’s primordium. 21, 22. At the early stage of anther outside calyx wrap. 23. At the later stage
of anther outside calyx wrap. 24, 25. At the stage of filament elongation. 24. Showing character of nectariferous tissue. 25.

Showing vascular tissue and starch grains in nectariferous tissue. 26. At the stage of flower in abscission.

Abbreviations are the same as in Figs. 1-8.
Scale bar: 50 um in Figs.18, 19, 21, 23-26; 100 um in Figs. 20, 22.
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Table1l The comparison of nectar volume and nectar sugar concentration level secreted by floral nectaries of functional
female flower (F) and functional male flower (M;) in “Nuomici” and “Feizixiao” (mean + sd)

() (M)
Nectar sugar level in floral nectary of Nectar sugar level in floral nectary of
functional female flower (F) functional male flower (M,)
( TSSY) ( TSS)
(/) (/)
Nectar volume Nectar sugar level Nectar volume Nectar sugar level
(uL/flower) (% TSS) (uL/flower) (% TSS)
7:30— 13:00- 7:30— 7:30— 13:00- 7:30—
Breed Date 12:00 18:00 12:00 12:00 18:00 12:00
April 16 3.9+1.5 - 53.3+10.1 3.8+1.2 - 34.7+12.3 (n=26)
Nuomici (n=19) (n=21) (n=26)
April 24 9.3+7.4 - — 9.0+4.6 - -
(n=19) (n=20)
March 20 0.8+0.5 0.6+0.4 - 0.3+0.3 0.4+0.4 -
Feizixiao (n=23) (n=21) (n=17) (n=19)
March 21 2.5+1.8 - - 1.2+0.5 - -
(n=22) (n=20)
March 27 4.8+2.7 - - 1.5¢1.1 - -
(n=24) (n=23)
1) TSS, total soluble solids.
2" " ) (M)

Table2 Temporal variation of nectar sugar level (determined as TSS with a refractometer) secreted by the floral nectaries
of functional female flower (F) and functional male flower (M;) of “Nuomici” (mean + sd)

F) (M2)
Floral nectary of functional female flower (F) Floral nectary of functional male flower (M,)
April 15 April 24 April 23
7:30 - 9:00 - 7.2+1.8 (n=22) 7.2+2.2 (n=21)
9:00 — 10:30 26.0+17.5 (n=20) - -
11:00 — 12:30 - - 41.5£15.5 (n=20)
13:20 — 15:00 - 36.1+12.1 (n=6) -
17:50 — 18:30 68.9+2.2 (n=10) - -
3
31
b b
, (Fahn, 1979)
s (Fahn, 1979) s
b
b b
s s (Durkee et al., 1981; Nepi et al.,
1996; Sawidis, 1998; Razem & Davis, 1999) R
, (Pacini et al., 2003)
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Fig. 27. At different time mean number of honeybee visiting on functional female flower (F) and functional male flower
(M) in per tree of “Nuomici” (n=5).
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