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Developmental Processes of Rhizome and Ultrastructure of Secretory
Cavities in Zingiber officinale Roscoe

1,2 1* 1 1 . .o
MU Nan ~, LIU Huan-fang , KUANG Yan-feng , ZOU Pu’, LIAO Jing-ping
(1. Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South China Botanical Garden, Chinese Academy of Sciences,

Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to understand the development process of rhizome of Zingiber officinale Roscoe, the
microstructure and ultrastructure of Z. officinale thizome at different developmental stages were studied under
light and electron microscopes, and the developmental process of secretory cavities in rhizome was also observed.
The results showed that there were cortex, endodermoid layer and central cylinder within epidermis in young
rhizome. The secondary thickening meristem originated from the cells located in the outermost of the central
cylinder. Cell division and enlargement resulted in the development of rhizome. There were a lot of starch grains
in parenchyma cell, which varied in shape, size and number during the development. Secretory cavities were
widely distributed in Zingiber. There were 3 stages during the whole development: the formation of original cell
groups, the ontogenesis of secretory cavities and the formation of mature secretory cavities. The ginger essential
oil mainly synthesized in the mitochondria, plastid and cytoplasm. This research supplied theory foundation for
medicinal exploitation and utilization of Z. officinale.
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Fig. 1 Longitudinal section of apical bud of Zingiber officinale rhizome. A-F: Paraffin section; A,B: Central mother cell zone; C: Secretory cavity at

early stage; D,E,F: Endodermis at early stage. C: Cortex; CC: Stele; cm: Central mother cell zone; EL: Endodermis; fl: Flank meristem; SC: Secretory

cavity; VB: Vascular bundles.
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Fig. 2 Origin and differentiation of secondary thickening meristem of Zingiber officinale thizome. A: Paraffin section, vascular bundles with circular
or scattered arranged; B: Semithin section, circular arranged endodermis cells; C: Semithin section, vascular bundles with vertical and parallel to the
axle; D: Paraffin section, xylem vessel with scalariform perforation plate; E: Ultrathin section, epidermis and suberized cell wall in outside; F: Paraffin
section, procambium groups distributed inside endodermis; G: Freehand section, periderm under epidermis at maturity; H: Freechand section, secretory
cavities and vascular bundles at maturity; I: Paraffin section, procambium groups derived from secondary meristem; J: Paraffin section, vascular
bundles at early stage; K: Amplification of Fig. J; L. Transection of rhizomes at different development stages; a: Seedling stage; b: Vigorous growth
period; c: dormancy period. CW: Cell wall; E: Epithelial cell; EP: Epidermis; PE: Periderm; PH: Phloem; PRP: Primary phloem; PRX: Primary xylem;
PG: Procambial group; PD: Plasmodesma; SG: Starch grain; SC: Secretory cavity; ST: Sieve tube; VB: Vascular bundle; X: Xylem.
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Fig. 3 Ultrastructure of starch grains and organelles. A,B: Ultrathin section, starch grains at seedling stage; C: Ultrathin section, starch grains at
vigorous growth stage; D,E: Ultrathin section, organelle around starch grain at vigorous growth stage; F: Ultrathin section, starch grains at dormancy
stage; G: Part amplification of Fig. F; H: Semithin section, mature secretory cavities around vascular bundle; I: Ultrathin section, central original cell
of secretory cavities; J: Ultrathin section, primary pit field and plasmodesmata in central original cell; K: Ultrathin section, cell wall of central original
cell degradation; L: Paraffin section, single central original cell; M: Paraffin section, two central original cells; N,O: Ultrathin section, mitochondria,
plastid and oil drop in epithelial cells; P: Ultrathin section, cavity and osmiophilic droplet. cg: Compound starch grain; ERV: Endoplasmic reticulum
vesicle; ICW: Inner cellulose wall layer; M: Mitochondrion; N: Nucleus; Ne: Nucleolus; OD: Osmiophilic droplet; P: Plastid; Pm: Plasmalemma; sg:

Simple starch grain; SER: Smooth endoplasmic reticulum; RER: Rough endoplasmic reticulum; V: Vacuole.
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Fig. 4 Development of the secretory cavity of Zingiber officinale thizome. A—P: Ultrathin section; A: Degradation of cytoplasme and osmiophilic
droplet; B: Epithelial cell and starch grain around cavity; C: Vigorous growth period, mitochondrial outer membranerupture, osmiophilic droplet
released into cytoplasm; D: Plastid in epithelial cell; E: Osmiophilic droplet; F: Osmiophilic droplet released by endoplasmic reticulum vesicle fused
with plasma membrane; G: Smooth endoplasmic reticulum produce endoplasmic reticulum vesicle; H: Endoplasmic reticulum vesicles; I: Endoplasmic
reticulum vesicle containing osmiophilic droplet fused with plasma membrane; J: Mature secretory cavity and epithelial cell; K: A lot of organelle
in epithelial cell near secretory cavity; L: Endoplasmic reticulum vesicles around smooth endoplasmic reticulum parallelled to cell wall; M: A lot of
endoplasmic reticulum vesicle in epithelial cell; N: Endoplasmic reticulum vesicle rupture, releasing osmiophilic droplet; O: Endoplasmic reticulum

vesicle fused with plasma membrane; P: Osmiophilic droplet across cell wall.
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