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Research Progress in Salt Gland Secretion and Development in Plants

MA Qiu-yu YUAN Fang
( College of Life Science, Shandong Normal University, Jinan 250358 )

Abstract:  Salt gland is one of the important epidermal structures of recreto-halophytes in resistance to salt stress, which secrete excessive
salt ions out of the body to prevent the plant from being damaged by salt stress. As an important structure to achieve high salt resistance in
halophytes, salt glands deserve extensive attention and discussion in the fields of stress physiology, development and evolutionary biology.
A large number of studies have been reported in the ultrastructure, physiological function, mechanism of salt secretion and developmental
pattern of salt glands. In this paper, we reviewed the research progress of salt gland structure, secretion mechanism and salt gland development,
summarized the feasible pathways of salt gland secretion and the regulation mode and key genes of salt gland development, proposed relevant
views for future research on salt gland secretion and development, and discussed the role of this unique morphological structure of salt gland on
plant salt tolerance. We also proposed the theoretical basis and suggestions for improving plant salt tolerance and breeding salt-tolerant plant
varieties. The related studies will be beneficial for in-depth analysis of plant salt tolerance adaptation evolution, cultivation of salt resistant crops,
and efficient utilization of saline land.
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Table 1 Species with salt glands
Family Genus Species Reference
Acanthaceae Acanthus A. ebracteatus, A. ilicifolius [11]
Acanthaceae Avicennia A. germinans, A. marina, A. officinalis, A. schaueriana, A. bicolor [12]
Aizoaceae Sesuvium S. sesuvioides, S. portulacastrum [13]
Aizoaceae Mesembryanthemum M. nodiflorum, M. crystallinum [14]
Amaranthaceae  Atriplex A. farinosa, A. centralasiatica, A. confertifolia, A. hortensis, A. hymenelytra, A. laciniata, A. micrantha, A. [15]
oestophora, A. patens, A. portulacoides, A. rosea, A. prostrata, A. prostrata, A. tatarica, A. verrucifera, A.
littoralis, A. nummularia, A. cristata, A. canescens, A. halimus, A. semibaccata, A. vesicaria, A. spongiosa, A.
amnicola, A. lindleyi, A. turcomanica
Amaranthaceae  Chenopodium C. album [16]
Amaranthaceae  Bienertia B. sinuspersici [17]
Amaranthaceae  Oxybasis 0. glauca [18]
Amaranthaceae  Chenopodiastrum C. murale [19]
Apiaceae Glehnia G. littoralGis [20]
Asteraceae Pseudobaccharis P. spartioides [21]
Convolvulaceae  Cressa C. cretica [22]
Convolvulaceae  Calystegia C. soldanella [23]
Fabaceae Glycyrrhiza G. uralensis [24]
Frankeniaceae Frankenia F. juniperoides, F. pauciflora, F. corymbosa, F. salina, F. hirsuta, F. laevis, F. pulverulenta, F. thymifolia [ 21 ]
Malvaceae Malva M. arborea [25]
Oleaceae Phillyrea P. latifolia [26]
Plumbaginaceae  Limonium L. otolepis, L. suffruticosum, L. reniforme, L. santapolense, L. girardianum, L. platyphyllum, L. [27]
bellidifolium, L. binervosum, L. nudum, L. aureum, L. axillare, L. iranicum, L. lobatum, L. oleifolium, L.
virgatum, L. pectinatum, L. perezii, L. sinense, L. sinuatum, L. stocksti, L. franchetii, L. bicolor, L. caspium,
L. pruinosum, L. gmelinii, L. vulgare, L. brasiliense, L. californicum, L. narbonense, L. delicatulum, L.
ovalifolium, L. ovalifolium
Plumbaginaceae  Goniolimon G. tataricum [28]
Plumbaginaceae  Plumbago P. auriculata [29]
Plumbaginaceae  Aegialitis A. annulata, A. rotundifolia [30]
Plumbaginaceae  Armeria A. maritima [31]
Plumbaginaceae  Limoniastrum L. monopetalum, L. guyonianum [32]
Plumbaginaceae  Ceratostigma C. plumbaginoides [33]
Poaceae Distichlis D. humilis, D. spicata [34]
Poaceae Oryza 0. coarctata [35]
Poaceae Odyssea 0. paucinervis [36]
Poaceae Spinifex S. hirsutus [37]
Poaceae Sporobolus S. foliosus, S. montevidensis, S. xtownsendii, S. helvolus, S. virginicus, S. airoides, S. spicatus, S. [38]
michauxianus, S. ioclados, S. alterniflorus, S. anglicus, S. pungens, S. maritimus
Poaceae Leptochloa L. crinita [39]
Poaceae Zoysia Z. macrantha, Z. matrella, Z. macrostachya, Z. japonica, Z. matrella [37]
Poaceae Chloris C. gayana [37]
Poaceae Cynodon C. dactylon [37]
Poaceae Dactyloctenium D. aegyptium [40]
Poaceae Diplachne D. fusca [37]
Poaceae Eleusine E. indica [37]
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££3R 1 Table 1 continued

Family Genus Species Reference
Poaceae Panicum P. virgatum [37]
Poaceae Pappophorum P. philippianum [41]
Poaceae Setaria S. viridis [42]
Poaceae Aeluropus A. lagopoides, A. littoralis [43]
22Poaceae Imperata I. eylindrica [37]
Poaceae Cenchrus C. clandestinum [37]
Poaceae Bouteloua B. dactyloides [44]
Primulaceae Lysimachia L. maritima [45]
Primulaceae Aegiceras A. floridum, A. corniculatum [11]
Scrophulariaceae  Myoporum M. bontioides [46]
Tamaricaceae Reaumuria R. alternifolia, R. hirtella, R. trigyna [47]
Tamaricaceae Tamarix T. amplexicaulis, T. arborea, T. karelini, T. gansuensisi, T. smyrnensis, T. passerinoides, T. laxa, [48]

T. hispida, T. elongata, T. austromongolica, T. arceuthoides, T. nilotica, T. africana, T. usneoides,

T. chinensis, T. ramosissima, T. aphylla, T. hohenackeri, T. gallica
Verbenaceae Phyla P. nodiflora [48]
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Na'is transported to mesophyll cells through conducting tissues and then enters salt
gland cells through plasmodesmata. Na" is ultimately transported to secretory cells in
the salt gland through the symplastic( red ), apoplastic( blue ), or transmembrane( in
purple ) pathway, and is excreted outside through vesicle transport. EC: epidermal
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OC: outer cup cell
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Fig. 1 Feasible pathways of Na' transportation into salt
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Table 2 Salt glands secretion related genes
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