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Biological and ecological characteristics of Tamarix L. and
its effect on the ecological environment
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Abstract Through studying biological and ecological characteristics of Tamarix L., we found
wide adaptability to different ecological environment and high endurance of adversity. When
planted in the edge of desert and periphery of oasis, Tamarix will act as excellent sand-fixing
shrubs, improve ecological environment and play a positive role. However, introducing Tamarix
unreasonably will deteriorate the ecological environment and reduce biodiversity and play a nega-
tive role. Grasping the biological and ecological characteristics of Tamarix will do much to benefit
further developing and utilizing of the resources.
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Tamarix (Saltcedar) is one of four genera of Tamaricaceae and is represented by 90 species

worldwide. The genus consists of halophytic shrubs and dwarf trees native to Western Europe, the

Mediterranean, North Africa, and northeast China and India[1]. There are 18 species and 1 variety

of Tamarix in China, mainly found in northwestern China, Inner Mongolia and northern China.

Among these, 6 are endemic to China[2]. Due to its unique biological and ecological characteristics,

Tamarix has been the dominant tree of arid or semi-arid zones of China.

1 Biological characteristics

Tamarix species are phreatophytes (deep-rooted to reach water table) that depend on

groundwater for their water supply. However, under some conditions Tamarix can grow where no

groundwater is accessible. Thus, it is classified as a facultative rather than obligate phreatophyte.

Tamarix forms various types of structures to adapt to salt and dry circumstances through the fol-

lowing characteristics.

1.1 Morphologic and anatomic structure

(1) Leaf morphology: Tamarix has minute alternate fleshy leave, scale like, sometimes am-

plexicaul; with external but embedded, multicellular salt glands.

(2) Leaf anatomy: Thick leaf blades and cuticula; sometimes possessing epidermal hairs;

sunken stomas, developed palisade; the ratio of the external leaf surface to its volume is small, and

assimilating branches take part of the photosynthetic function of some modified leaves. Most of

the leaves have mucilage cells or crystal cells[3, 4].

(3) Stem anatomy: The epidermis of young green twigs has thickened cell walls and is over-
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laid with thick cuticle. Underneath the epidermis is the hypodermis. Inner to the hypodermis, the

well-developed palisade layer has cells containing abundant chloroplasts. Water-storing tissues

with large cells are central to the palisade tissue. In transverse section, the ratio of the cortex width

and stem diameter is greater than that of mesophytes. Vessels per mm2 are very numerous; vessels

elements are very stout. Wide and narrow vessels exist together. In axes, developed mechanical

tissue is generally present. Crystal cells or mucilage cells probably of xeromorphic characteristics

are generally present[5, 6].

1.2 Growth characteristics

(1) Root growth: The root system of Tamarix is extensive. Initially, the primary root grows

steadily downward with little branching until it reaches the water table, which can be at the depth

of 3 m or deeper. Once the water table is reached, secondary root branching becomes profuse.

Adventitious roots easily develop from submerged or buried Tamarix stems. An extensive root

system is largely responsible for its competitiveness and survival under stress.

(2) Reproduction and germination: Tamarix grows to 3—4 m high and produces small, white

or pinkish flowers often by the end of the first year of growth. Seeds have a tuft of hair on the end

to aid in wind dispersal or to be carried and deposited along sandbars and riverbanks by water. A

single large Tamarix plant can produce a half million seeds per year from early May (Tamarix laxa)

to October (T. hispida). Seeds which develop from mature plants are quite small and light (0.1

mg)[7], and will germinate on saturated soils or while afloat. Once wetted, fresh seeds usually

germinate within 24 h[8]. Since Tamarix spp. mature rapidly and provide a continual supply of

available seeds, these have considerable advantage over native riparian species.

(3) Seedling establishment: Establishment of Tamarix seedlings occurs in seasonally highly

saturated soils[9, 10]. This requirement is most often met along river or reservoir banks or periodic

flood places where slowly receding water levels create optimum seedbeds.

Mature Tamarix is remarkably tolerant to a variety of stress conditions, including heat, cold,

drought, flood, and high concentrations of dissolved solids. By dropping its leaves and halting

growth, Tamarix can withstand lengthy periods of drought[8].

2 Ecological characteristics

Tamarix grows from –120 m (Aiding lake) to 2500 m (South of Xinjiang) in elevation and

prefers very saline soils. They can resprout vegetatively after fire, severe flood, or treatment with

herbicides and are able to accommodate wide variations in soil and mineral gradients[10].

2.1 Soil

Tamarix is not an obligate halophyte but can survive in areas where groundwater concentra-

tion of dissolved solids approaches 15 mg/L[11], but typically occur in areas with groundwater av-

eraging about 6 mg/L salt[9].
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2.2 Allelopathy

Tamarix exudes excess salt crystals from openings in its scale-like leaves[12]. It has been re-

ported to contain 41 mg/L dissolved solids in the guttation sap[13]. Not only can these glands con-

centrate salt, but they also secrete various other ions, including boron[14]. These salts are eventu-

ally deposited on the soil surface under the plant, sometimes forming a hard crust[8]. Such deposits

of salt-encrusted needles can inhibit the germination of other species[15]. A combination of this

allelopathic effect and the extensive lateral root system contribute to the ability of Tamarix to out-

compete other vegetation for space and water. In some communities, Tamarix is the dominant

overstory species, whereas salt tolerant grasses, such as saltgrass (Distichlis spicata), dominate the

understory[9].

2.3 Water acquisition

The longer the community has been invaded by Tamarix the greater the capacity will be to

lower the water table in the soil[16]. With this overall drying out of the habitat, more xeric plant

species will occupy the understory. A dense stand of Tamarix will grow where the water table is

between 1.5 and 6 m from the surface. Water use of Tamarix is generally considered high, but

evapotranspiration rates can vary with water table depth and soil salinity. Under dry or extremely

hot conditions, Tamarix does not always transpire at potential rates[17]. Water conservation under

these situations is of ecological significance as it enables Tamarix species, which grow in hot de-

sert environments to open their stomata just at daybreak during the coolest and most humid hours

of the day. This allows the plants to acquire adequate CO2 without losing much water. The stomata

close during the hotter afternoon hours, further reducing water loss[18]. Summer evapotranspiration

rates can also vary considerably with stand density and other stress conditions[17]. As a facultative

phreatophyte, Tamarix species are capable of extracting soil moisture from less saturated soils in

areas with deeper water tables. This appears to be an adaptation that obligate native phreatophytes

such as Populus and Salix do not possess[19].

3 Effect on the ecological environment

The analysis of biological and ecological characteristics shows the wide adaptability to dif-

ferent ecological environment and high endurance of adversity of Tamarix L. in China. On one

hand, Tamarix can germinate and grow on sandy or saline soil, endure drought and high tempera-

ture environments, and become the dominant species of arid or semi-arid zones of China; on the

other hand, by strong competition and allelopathic effect, Tamarix can inhibit obligate native

phreatophytes, form single communities and decrease species and habit diversity seriously. So

when we analyze the effect on the ecological environment, we should take it into two parts:

(1) Positive role: Tamarix is a good sand-fixing plant with characteristics of drought, salt,

leanness tolerant, and can survive when the plant is buried by shifting dunes. When planted in the

edge of a desert and periphery of oasis, Tamarix will act as excellent dune binders, will prevent

sand and wind erosion, and will ensure normal productivity of dweller of backward position. We
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take two examples: ( i ) Turpan Eremophytes Botanic Garden, Chinese Academy of Sciences was

founded in 1976 on a desolated area in front of a big desert. Before establishment, sand dunes

were moving at a rate of 3.4 m/a and not a single person lived there. After establishment, we col-

lected sand-fixing shrubs including Tamarix, Calligonum and Caragana widely. Furthermore we

build a 10-km long forest-belt, mainly Tamarix, just on the edge of the sand. Ten years later, the

shifting sand was effectively controlled, the ecological environment had improved greatly and

more people migrated here. Now, there are over 150 families living there and this has become the

richest village of the town. (ii) Cele, a poor county, situated on the southern side of the second

largest desert�Taklimakan Desert, is famous for frequent sandstorms. From 1980, we planted

Tamarix as a sand binder around Cele County in large scale, and after 15 years, 50000 acres of

Tamarix forest has been established covering 60%�70% of the land, and new blocks 700000 m3

sand per year[20].

(2) Negative role: Being a strong competitor, Tamarix occupies suitable places rapidly, kills

native phreatophytes, forms single community and decreases biodiversity. In addition, by secret-

ing salt and iron from deep soil to on the surface, it makes the surface layer a hard crust and more

pickled. Moreover, the longer the community has been invaded by Tamarix the lower the water

table will be in the soil. In a long period, the soil changes from moisture to drought and only some

xerophytes or halophytes can survive. We just take the United States as an example: T. chinensis, T.

parviflora and T. ramosissima (Saltcedar) are invasive weeds throughout the southwestern United

States[8]. They have successfully invaded nearly every drainage system in arid and semi-arid areas,

occupying over 607050 hectares[10], including approximately 6475 hectares in California[21]. Today,

Saltcedar occupies suitable habitat west of the Great Plains, north into Montana and south into

northwestern Mexico[22]. Now Americans calls Saltcedar a scourge or disaster and find various

methods to control it. But till now, no efficient method has been developed.

In a word, Tamarix has two-side effects on the ecological environment. Grasp the biological

and ecological characteristics of Tamarix before further development and utilisation of this re-

source.
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