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Abstract 
Wood anatomy of Calligonum mongolicum Turcz. 
was described from an ecological perspective. This 
species showed similar wood structure to that 
species published in the same genus [1]. This 
species has distinct growth ring boundaries, ring-
porosity, distinct helical thickenings, simple 
perforation plate, nonseptate fibre, axial 
parenchyma, uni- or 2-5-seriate heterogeneous rays, 
and alternate intervessel pitting.  It was observed 
that there is a slightly increase of fibre length as the 
diameter from the pith increases. However, the 
vessel element length remained more or less 
constant from pith to bark. Furthermore, the 
relationships between anatomical features and 
adaptability to desert environments were discussed. 
 
Keywords: Desert shrubs, Ecological wood 
anatomy, Polygonaceae. 

1. Introduction  
The larger genus in Polygonaceae is Calligonum, 
which includes about 100 species of shrubs that 
grow in central Asia. It is well suited to arid climates 
with drought resistance, and grows more on clay, 
sandy and gravel grounds. These plants are often 
cultivated as ornamentals and a stabilizer of mobile 
sand dunes.  

There is published information on the wood 
anatomy of all the examined genera in 
Polygonaceae [1], but the selected species have not 
yet been described. Additionally, previous studies 
on wood anatomy of other species have mainly 
focused on general description [2]. The results of 
this paper are to provide preliminary information of 
the wood anatomy of selected species and discuss 
the relationship between anatomical characteristics 
of secondary xylem and adaptability to arid climate. 
Furthermore, the horizontal variations in vessel 
element length and fibre length are studied. The 
information obtained through this study will be 
useful for selecting and introducing suitable species 
to control desert expansion. 

2. Materials and Methods 
Five healthy trees were felled and two discs (2-3cm 
thick) from each tree were taken at the height of 20-
30cm above the ground.  Some of the discs were 
immediately fixed in formalin-acetic-alcohol (5:5:90 
v/v).  

Wood samples were softened in 5% glycerin 
solution, subsequently sectioned with a sliding 
microtome moving on transverse, radial and 
tangential surfaces of the disks.  Thin sections were 
stained with safranine, dehydrated in a graded 
alcohol series and mounted in Canada balsam for 
light microscope examination.  Small blocks 
exposing transverse, radial and tangential surfaces 
were respectively prepared according to Exley et 
al’s methods [3] for scanning electron microscope 
(X-650, Hitachi Ltd Tokyo, Japan) observations.  
Maceration was prepared through soaking in 
Jeffrey's solution and mounted in glycerin-jelly.  
Quantitative data were based on 25 measurements 
of vessel element length and 50 of fibre length.  
Terminology and methodology followed the IAWA 
list of microscopic features for hardwood 
identification [4]. 

3. Results  
3.1 General wood anatomical descriptions 

Growth ring boundaries are undulating and distinct, 
marked by thick-walled latewood fibres or marginal 
parenchyma band (Figure 1-1); wood is ring to semi-
ring porous; vessels are solitary, infrequently in 
multiples and clusters; outline of vessels is round, 
oval or irregular, with 59(19-85)μm in tangential 
diameter for earlywood vessels; vessel element 
length is 152(86-220)μm. 

Ray is 388(180-1140)μm in height and ray 
frequency is 7(5-9)/mm; rays are uni- or 2-5-seriate 
(Figure 1-2) and distend at growth ring boundary; 
body ray cells are procumbent, with square marginal 
cells (Figure 1-3); pits are shown on the tangential 
wall and radial wall of ray cell, round, oval to 
elongate.  

Perforation plate is exclusively simple (Figure 1-
3). Intervessel pitting is alternate, some vestured; pit 
apertures are round to oval, elongated, slit-like or 
partly coalescent (Figure 1-4); intervessel pit 
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diameter is 2.2(1.7-2.8)μm; vessel-parenchyma 
pitting is similar to the intervessel pitting in size and 
shape (Figure 1-5).  

Distinct helical thickenings are throughout narrow 
vessels and parts of wide vessels (Figure 1-6). 
568(334-812)μm long nonseptate fibres present 
with simple to bordered, slit-like pits.  

Axial parenchyma abundantly present, 
paratrcheal to scanty paratracheal or marginal 
bands; fusiform parenchyma cells present and 
consists of 2-4 cells per parenchyma strand. This 
feature is different from Polygonum spp. without 
axial parenchyma [2]. 

 

 

   
 
Figure1. Anatomical structure of Calligonum mongolicum.  1. TS. Growth ring boundary is distinct, marked by parenchyma 
bands;  2. TLS. Rays are 1-5-seriate; 3. RLS. Rays consist of procumbent cells, with square marginal cells; perforation 
plate is simple; 4. RLS. Intervessel pitting is alternate, vestured; 5. TLS. Vessel-parenchyma pitting is similar to intervessel 
pitting, alternate; 6. TLS. Helical thickening presents in narrow vessel element. Abbreviation: TS: transverse section; TLS: 
tangential longitudinal section; RLS: radial longitudinal section. LM: light microscope; SEM: scanning electronic microscope. 
 

3.2 Horizontal variation in vessel element length 
and fibre length 

Vessel element length and fibre length within one 
sample are showed in Figure 2. It is shown that 
there is a slightly increase of fibre length as the 
diameter from the pith increases. However, the 

vessel element length remains more or less 
constant from pith to bark.  This pattern is very 
common in trees and is similar to the previous study 
on horizontal variations [5-8]. 
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Figure 2. Variation in vessel element length and fibre 
length in Calligonum mongolicum. 

4. Discussions 
4.1 Ecological wood anatomy perspectives and 
significant functions 

This species showed similar wood structure to 
that species published in the same genus[1], but 
there were few quantitative differences observed 
between them (Table1). Wood or secondary xylem 
provides a complex tissue for water transport, 

mechnical strength, and for metabolic processes 
such as storage and mobilization of reserve 
carbohydrates and lipids [9-12]. The species 
occuring in habitats subject to high water stress, 
their anatomical features of both xylem and leaf 
show adaptations correlated to environmental 
extremes. Leaf surface reduction with thick cuticles, 
photosynthesizing by green stems and cutinization 
of the outer walls in leaf epidermis enable plants to 
withstand dry climatic periods [13,14]. Ecological 
and evolutionary trends in vessel diameter, 
perforation plate type, vessel frequency, vessel 
member length, total vessel length, and fibre type 
have all been discussed in terms of their input to the 
safety and efficiency of water transport [9,15]. The 
tendencies are for vessel members to become 
shorter and narrower as the aridity increases to 
prevent collapse of vessels under high negative 
pressures [16] and vessels towards grouping in arid 
environments [9,17-21]. Vessels mainly solitary or 
few vessel grouping, narrow and numerous could 
lead to greater conductive safety because it renders 
the inactivation of any vessel less harmful by 
enabling the water transport to be transferred to an 
adjacent vessel [22].  

 
Table 1 Quantitative Anatomical Features of Seven Species in Pollygonaceae 

 

 
Solitary 
vessels 

(%) 

Tangential 
vessel 

diameter 
(μm) 

Vessel 
element 
length 
(μm) 

Fiber 
length 
(μm) 

Intervessel 
pit 

diameter 
(μm) 

Ray height 
(μm) 

Number of 
rays per 

mm 

C. rubioundum 5.04 43.78 101.57 451 6.175 236.2 8.89 

C. arborescens 26.12 91.49 94.51 521 6.37 411.4 7.78 

C. potanini 11.57 75.56 98.06 496 6.175 221.98 7.65 

C. chinense 6.47 80.07 97.44 456 5.2 456.57 8.74 

C. klemertzii 2.4 60.38 92.93 453 7.02 215.43 7.52 

C. junceum 17.84 78.72 112.8 444 6.5 213.14 9.29 

C. mongolicum 38 59 152 568 2.2 388 7 

 
Both efficiency or maximal conductivity and 

safety are strongly related to vessel diameter and 
vessel frequency. Increased vessel diameter 
increases efficiency of water conduction 
dramatically, but at the same time it decreases 
safety. However, ring-porosity and presence of 
different vessel size classes in general are of 
importance for the combined efficiency and safety of 
xylem sap transport at different times in or 
throughout the growing seasons [23]. The gradually 
decreased vessel diameter from earlywood to 
latewood allows for optimal transport efficiency by 
wide vessels and provides great conductive safety 
through the narrow latewood vessels [24-26].  

Apart from these quantitative characters, the 
qualitative characters show ecological correlations. 

Some narrow vessels in these species have coarse 
helical thickenings, which increase cell wall strength 
to withstand high pressures or enlarge wall surface 
to promote water bonding to the surface [27-28]. In 
this study, all species show helical thickenings, 
together with vessel groups and tracheids, which 
are associated with greater conductive safety in arid 
environments. 

4.2 Horizontal variations in vessel element 
length and fibre length 

Variations in cell length and volume have been 
discussed for long time due to their marked effect on 
product quality and the utilization of wood [29]. 
Particularly, fibre length is considered as one of the 
more important indicators of wood quality, which 
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related to the mechanical strength and longitudinal 
shrinkage of wood. It is intensively studied within 
individual annual rings, from the base to the top of 
tree, among different rings within one tree, among 
species, and even on different sides of tree in 
relation to the sun and temperature [30]. 

Within-tree pattern of each species in each 
environment is different [29]. Commonly, previous 
studies on wood fibre length in the axial variation 
agreed with the tendency that fibre length increases 
more often to a point well up the bole and then 
decrease [7,31-35]. Other researchers have 
reported a constant length or a decrease in fibre 
length with height. Most patterns of fibre length in 
horizontal direction increasing with age in rings near 
the pith, following by a more gradual increase until a 
maximum reached have been reported for both 
hardwood and softwood [6-8], but there are other 
trends, such as, the cell length is constant, or 
considerable fluctuations or decrease with age. In 
present study, fibre length and vessel element 
length of selected species are shown unremarkable 
fluctuations or nearly constant. This trend is 
different from general conclusions that Furukawa et 
al. [36,37] has obtained from the study on 71 
species hardwoods. 

Vessel element length and fibre length is dictated 
by fusiform cambial initial cell length [10]. 
Additionally, fibre dimensions are determined by the 
dimensions of the cambial fusiform cells from which 
they are derived from and by process that occur 
during cell differentiation [33,38]. In species with 
non-storied cambium, the increase of fibre length is 
explained on the basis of the increase in the length 
of cambial initials with increasing cambial age [39]. 
In this study, most species have regular or irregular 
storied structure, and nearly constant length could 
result similarly from a retarded production from the 
cambial initials and lower degree of intrusive growth. 
The difference in range of fibre length is attribute to 
differences in age of wood and to the different 
species. 
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