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Abstract: Correlations of soil properties and fruit size of Calligonum mongolicum Turcz. and related species were 
analyzed. The results showed that the particle size characteristics of soils for growing Calligonum mongolicum and 
related species were similar, and the soils belonged to sandyones. The organic matter contents of soils were low 
(averaging 1.772 to 3.054 g/kg), and the total salt content of soils was low too (averaging 0.471 g/kg). The pH val-
ues indicated that the soils were alkaline, varying from pH 7.65 to 10.25. The results of Principal Component 
Analysis (PCA) and hierarchical cluster showed that 9 habitats could be divided into 6 types according to salt con-
tents and pH values. Fruit sizes of different populations and the soil properties had significant linear correlations 
(P<0.000). It was concluded that the differences in fruit sizes among the populations of Calligonum mongolicum and 
related species were related to soil variability, especially the nutrient contents of soils, and fruit size can not be 
considered as a taxonomic index of Calligonum mongolicum and related species. 
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Plants are sensitive to environmental change and cor-

related with many factors (Preston, 1962). The situa-

tion of environment modification was studied in some 

classical taxonomic works in the early 1900s (Tures-

son, 1922; Clausen and Keck, 1940). However, the 

significance of environmental modification has not 

been granted sufficient importance (Davis, 1983). On 

one hand, environmental modification allows biologi-

cal variation and is a method for adaptation to environ-

ments (Stebbins, 1950; Grant, 1991). On the other 

hand, although environmental modification has no 

genetic basis, the variability and pattern of plant spe-

cies is controlled by environmental modification, thus 

determining which portion of variability is arisen by 

either the environment or genes is not easy (Bradshaw, 

1965; Morisset and Boutin, 1984; Xu, 1986). Thus, it 

is important to understand environment modifications 

and adaptation characters of plants when studying 

plant variability and taxonomy and when choosing or 

weighting characters (Bradshaw, 1965; Grant, 1991), 

and thus it is unreasonable to ignore modifications and 

adaptations of characters when making rational taxo-

nomic decisions (Davis and Heywood, 1963; Davis, 

1983). Species distribution usually has greater genetic 

variability. The fruit or seed is one of the most impor-

tant taxonomic characters (Miehelle et al., 1995), and it 

is worthwhile to study its taxonomic value and envi-

ronmental modification. 

Calligonum mongolicum Turcz. (Polygonaceae) has 
complex taxonomic relationships with some species, 
inter-related distributional areas as well as disputed 
taxonomic relations with other species (Mao and Pan, 
1986). Previous studies suggested that there are vari-
able and overlapping states among fruit morphologies 
for C. mongolicum as well as other species in the ge-
nus, C. pumilum, C. gobicum, C. chinense, C.  
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alashanicum, C. roborowskii and C. zaidamense (Shi, 
2009). The fruit characters can not be used in taxon of 
the genus (Shi, 2009). As well, the related species and 
C. mongolicum have slightly different karyotypes (Shi, 
2009). Based on the similarity of karyotypes and am-
biguity of fruit characters, we have suggested merging 
C. pumilum into C. mongolicum (Shi et al., 2009). 
However, the fruit characters, especially those of 
taxonomic significance, such as fruit size, have been 
the classical taxonomic evidence used in Flora of 
China (Bao and Alisa, 2003) and have been in use for 
some time. There are few studies on the soil physical 
and chemical properties of the habitats for Calligonum 
(Tan et al., 2008a, b). This paper examined the rela-
tionship between soil physical and chemical properties 
of the habitats and the taxonomic indices of fruit sizes 
in arid deserts. Although fruit size, as a taxonomic 
index, is used by many taxonomists, it remains to be 
an uncertainty whether it is really appropriate for Cal-
ligonum mongolicum and related species, and whether 
they are in fact the same species. Thus this paper sets 
out to provide reasons for the differences in fruit sizes 
in different populations of Calligonum and to overturn 
the use of fruit size as a taxonomic index. 

1  Materials and methods  

1.1  Materials  

From July 31 to August 31, 2006, C. mongolicum 
populations and related species were investigated in 
Inner Mongolia, Ningxia, Gansu and Xinjiang (Table 
1). Longitude, latitude and altitude were recorded. 
Moreover, to obtain specimens, we used the quadrat 
method (10 m×10 m) (Song, 2001) and collected soil 
from three locations (from two corners and the middle 
along the diagonal of the quadrat). The 0–100 cm 

depths of soil from dune areas were measured in order 
to compare and analyze the characteristics of soil con-
tents at different positions. Specimens were identified 
using characters from their external morphologies. 
Specimens are preserved in the Herbarium of the Xin-
jiang Institute of Ecology and Geography, CAS. The 
information for the eight species is shown in Table 1. 

1.2  Methods 

Soil particle size was measured by the densimeter 
method; organic matter content using the K2Cr2O7 
method (GB9834–88);  total  N using CuSO4 – 
Sepowder diffusion method (GB7848–87); total P us-
ing the NaOH Melting––Ascorbic acid-molybdenum 
blue spectrophotometric method; total K using the 
NaOH Mel t ing–Flaming  luminos i ty  method  
(GB7854–87); available N using the Alkali hydroliza-
tion–diffusion method; available P using the 0.5 mol/L 
NaHCO3 Leaching––Ascorbic acid-molybdenum  
blue spectrophotometric method; and available K us-
ing the 1 mol/L NH40Ac Leaching–flaming luminosity. 
Soil pH was measured using PHS–2C digital acidom-
eter (520005, Shanghai Experiment Reagent Com-
pany); soil EC (electronic conductivity) was measured 
using DDS–307 conductometer; total soil salt content 
was measured using the weight method (Cheng et al., 
2007). 

Ten individual plants were selected from each 

population of C. mongolicum and related species. The 

roots of Calligonum are able to produce ramets, so a 

40-m space was retained between individuals during 

sampling in order to avoid sampling the same indi-

vidual twice (Zhang and Wang, 2005). Ten fruits were 

selected from each plant and the length (LF) and width 

of the fruit (WF) were measured to calculate fruit size 

(FS= LF×WF). 
 

Table 1  Location for growing C. mongolicum and related species 

Species No. Location Lat. Lon. Alt. (m) Spec. No. Voucher 

M1 Erlianhaote, Inner Mongolia 112°03′E 43°45′N 898.3 06005–06014 Borong Pan 

M2 Qingtongxia, Ningxia 105°55′E 38°01′N 1,134 06020–06029 Borong Pan C. mongolicum 

M3 Erjinaqi, Inner Mongolia 100°26′E 41°27′N 1,003 06056–06067 Borong Pan 

C. pumilum P1 Hami, Xinjiang 091°32′E 43°23′N 1,038 05010–05019 Borong Pan 

C. chinense C1 Zhangye, Gansu 100°18′E 39°28′N 1,458 06113–06122 Borong Pan 

C. gobicum G1 Erjinaqi, Inner Mongolia 100°27′E 41°43′N 969.8 06047–06056 Borong Pan 

C. alashanicum A1 Minqin, Gansu 102°52′E 38°34′N 1,369 06173–06193 Borong Pan 

C. zaidamense Z1 Zhangye, Gansu 100°18′E 39°03′N 1,458 06103–06112 Borong Pan 

C. roborowskii R1 Luntai, Xinjiang 083°55′E 41°49′N 1,019 05025–05034 Borong Pan 
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Morphological traits were analyzed using each 
population as the operational taxonomy unit (OTU). 
All numerical analyses were based on standardized 
data. Principal component analysis (PCA) was used 
based on the correlation matrix of numerical charac-
ters and UPGMA (Unweighted Pair-Group Method 
with Arithmetic means) cluster using the square 
Euclidean distance coefficient performed by the 

STATISTICA software package (Tao and Ren, 2004)． 

3  Results  

3.1  Particle size characteristics of soils  

The soils for growing C. mongolicum and related spe-
cies were composed of predominantly coarse sand and 
medium-sized sand, which accounted for 9.86%
–53.00% and 1.99%–50.89%, respectively. Extremely 
coarse sand, extremely fine sand and fine sand ac-
counted for 1.03%–36.08%, 1.99%–50.89% and 
0.44%–22.63%, respectively, and clay with the parti-
cle sizes smaller than 0.005 mm was almost zero, silt 
with the particle sizes of 0.050–0.005 mm only made 
up 0.02%–9.46% and gravel with the particle size 
bigger than 2.00 mm only 0–11.11%, respectively 
(Table 2). Material composition analysis of the soils 
revealed that particle size distribution varied with dif-
ferent plant communities. The following patterns 
could be discerned (Table 2): the sand (0.05–2 mm) in 
the soils accounted for 96.54%–100%. According to 
the USDA soil textural triangle (Qian et al., 2009), we 
concluded that all of them were coarse sand soils that 

had good ventilation and water permeability, but had 
poor ability to hold water and plant nutrients (Lin, 
2002). There were similar proportions of particle sizes 
between the soils growing C. mongolicum and related 
species; the greater proportions were also coarse sand 
and medium-sized sand with the percentage of 
9.86%–53.00% and 4.84%–51.51%, respectively. A 
comparison of soil composition at different soil depths 
revealed that there was no significant difference in the 
particle size distribution among the soils growing C. 
mongolicum and related species. 

3.2  Nutrient contents of soils  

There were significant differences in the nutrient con-
tents in 0–30 cm depth of soils (P<0.05). The organic 
matter contents were 0.529–5.468 g/kg; total N, P and 
K were 0.063–0.513, 0.194–0.772 and 13.980–25.799 
g/kg, respectively; available N, P, K were 0.003–0.027, 
0.001–0.005 and 0.050–0.180 g/kg, respectively (Fig. 
1). Organic matter contents in the soils growing C. 
mongolicum and related species were low and varied 
with the averages of 1.772–3.054 g/kg, reflecting low 
accumulation of organic matter. The organic matter 
contents of the populations at Erlianhaote (M1), 
Qingtongxia (M2), and Erjinaqi (M3) were higher than 
those associated with the other species. Both the or-
ganic matter contents of M2 were highest among these 
populations, reaching up to 5.468 and 9.427 g/kg. The 
values for total N, P, K and available N, P, K of the 
sites at Erlianhaote (M1), Qingtongxia (M2), and Er-
jinaqi (M3) were higher than those at the other sites 
(Fig. 1a).

 
Table 2  Soil particle size characters of the soils for growing C. mongolicum, C. pumilum, C. chinense, C. gobicum, C. 
alashanicum, C. zaidamense and C. roborowskii 

Clay 
(<0.005 mm) 

Silt 
(0.050–0.005 mm) 

Extreme fine sand
(0.125–0.050 mm)

Fine sand 
(0.25–0.125 mm)

Medium sand
(0.25–0.5 mm)

Coarse sand 
(0.5–1 mm) 

Extreme coarse 
sand (1–2 mm) 

Gravel 
(>2 mm)Site 

(%) 

M1 0.00±0.00 0.90±0.27 6.90±3.30 2.80±1.53 25.32±3.05 40.73±5.54 20.96±3.27 2.40±1.65

M2 0.00±0.00 4.21±2.42 14.55±6.47 14.43±1.7 41.28±3.70 18.59±0.59  5.08±4.01 1.49±2.11

M3 0.00±0.00 3.94±1.21 22.51±12.87 11.65±5.67 21.93±13.58 18.50±4.33 17.06±8.63 4.42±4.79

P1 0.00±0.00 8.20±0.95 47.25±3.04 8.33±3.20  8.62±2.87 12.56±3.46 11.80±4.55 3.32±4.28

C1 0.00±0.00 0.59±0.41 3.05±0.75 7.17±9.34  26.34±18.13  40.16±15.74  21.74±11.83 0.95±1.29

G1 0.00±0.00 4.09±2.48 14.90±7.27 17.68±3.68 43.45±6.85 17.33±0.97  2.39±0.99 0.17±0.24

A1 0.00±0.00 2.53±1.23 10.43±3.91 8.88±3.84 32.35±6.67 31.40±4.45 13.91±2.68 0.50±0.51

Z1 0.00±0.00 2.27±1.81 14.05±11.34 5.74±4.38  20.60±10.81 34.84±7.87  19.70±11.61 2.83±4.00

R1 0.00±0.00 3.15±0.69 22.68±6.84 10.26±5.25 18.59±1.09 21.06±6.44 17.57±4.83 6.68±1.84

Note: data are mean±SD, n=10. 
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Comparison of CV of the nutrients in the soils re-
vealed that all of the contents of organic matter, total 
N, P, K and available N, P, K had similar variabilities, 
ranging from 23.69% to 56.97%. 

The analysis showed that the organic matter 
contents at the depth of 0–7, 7–42 and 42–63 cm from 
the soils were higher than at the depth of 63–100 cm. 
At the depth of 0–7 cm, the organic matter content of 
M2 was highest, and at the depth of 63–100 cm in 
Hami (P1) was highest among the populations (Fig. 
1a). The total N analysis showed that the total N con-
tent was higher at the depth of 0–7 cm than at other 
depths, the total N content was highest at the depth of 
0–7 cm in Qingtongxia (M2) and that at depth of 
63–100 cm in Hami (P1) was highest among the 7 
populations (Fig. 1b); The total P contents of soil in 
Hami (P1) are higher at the depth of 7–42, 42–63 and 
63–100 cm (Fig. 1c). The total K contents of M1 among 
populations were highest at every soil layer, comparing 
with other soil nutrients (Fig. 1d).  

The results of pH analysis showed that the soils of 
these 7 populations were alkaline with pH values 

varying from 7.65 to 10.25 (Fig. 2a). At every depth 
of soils on dune slopes, the value of M1 was higher 
than the others; the values of pH in Qingtongxia (M2) 
were similar (8.40–8.59) with the values of that in 
Erjinaqi (M3) at the depth of 0–7, 7–42 and 42–63 
cm (8.15–8.62); pH at the depth of 63–100 cm at M3 
was very slightly lower (7.92). However, the differ-
ence was not great; other populations had a similar 
situation, that is, the pH values (7.65–8.77) were 
similar at different soil depths, revealing that soil elu-
viations were very limited (Fig. 2a). Soil EC in the 
region varied with a range of 0.05–0.93 ms/cm (Fig. 
2b). At the depth of 0–7 cm, the soil EC values in Er-
jinaqi (G1) (0.93 ms/cm) and that in Hami (P1) (0.75 
ms/cm) were slightly higher than the others; the soil 
EC in all 7 populations were similar (0.09–0.15 
ms/cm) at the depths of 7–42 cm and 63–100 cm; at 
the depth of 42–63 cm, that in Erlianhaote (M1) (0.79 
ms/cm) was slightly higher than the others, but the 
others were similar to each other (0.09–0.26 ms/cm). 
The change pattern in soil EC was different from 
that of pH value (Fig. 2b). 

 

 
 

Fig. 1  Organic matter contents and total N, P, K variations along with depths of soils for growing C. mongolicum, C. pumilum, C. gobi-
cum, C. zaidamense and C. alashanicum 
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Fig. 2  The pH value and electric conductivity variations (EC) along with depths of soils growing C. mongolicum, C. pumilum, C. gobicum, 
C. zaidamense and C. alashanicum 

 

3.3  Classification analysis based on soil properties  

Through the above survey results, it could be seen that 
the soil particle size distribution, plant nutrient con-
tents, pH and EC in soil sites under Calligonum mon-
golicum and related species were similar. Conse-
quently, we carried out a classification analysis of 
populations based on soil nutrients. 

The analysis revealed that the first two PCA axes 
were consistently 81.76%, which explained the varia-
tion with salt contents for each population. The PCA 
ordination according to the first two PCA axes (Fig. 3) 
was relatively consistent with the hierarchical cluster 
(Fig. 4), which also accounted for the species differ-
ences and geographical distribution of the 7 popula-
tions. The 9 habitats could be divided into 6 types ac-
cording to the salt content and pH value diversiform. 
The populations in Erlianhaote (M1), Qingtongxia 
(M2) and Erjinaqi (M3) could be classified as one type; 
those in Zhangye (Z1 and C1) also belonged to one 
type, which was close to the C. mongolicum popula-
tions (M1, M2 and M3); that of Hami (P1) was also 
near that of populations in C. mongolicum (M1, M2 and 
M3). It seemed that the sites in Luntai (R1) and Erjinaqi 
(G1) were comparatively independent of the others and 
that in Minqin (A1) was close to the C. mongolicum 
populations, which accorded with their relatively close 
geographical distribution (Figs. 3 and 4). 

3.4  The correlation of soil characters and fruit size 

Fruit size has been used as a key taxonomic character 

to distinguish C. mongolicum and related species (Mao 

and Pan, 1986; Bao and Alisa, 2003), but we found 

there were variable and overlapping states among the 

morphologies of C. mongolicum and related species, 

especially in the key taxonomic character of fruit size. 

Fruit characteristics can not be used as a straightforward 

and feasible taxonomic test for species differentiation. 

Based on these results, we suggested that these 
 

 
 

Fig. 3  PCA ordination map for pH and salt of soil growing C. 
mongolicum, C. pumilum, C. gobicum, C. chinense, C. 
zaidamense and C. alashanicum 
  

 
 

Fig. 4  The hierarchical cluster map for pH and salt of soil 
growing C. mongolicum, C. pumilum, C. gobicum, C. chinense, C. 
Zaidamense, C. alashanicum, C. roborowskii and C. alashanicum 
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six species (C. gobicum, C. chinense, C. pumilum, C. 
alashanicum, C. zaidamense, C. roborowskii) should 
be merged with C. mongolicum (Shi et al., 2010). 

The studies showed that there were differences of 
soil physical and chemical properties between sampling 
sites of Calligonum populations. Accordingly, any cor-
relation between soil physical and chemical properties 
and fruit size (Table 3) can be found using the Pearson 
Coefficient of Correlation Analysis (Table 4). 

The results showed that all the soil parameters of 
proportions of coarse sand and medium-sized sand, 
total N, P, K, available N, P, K, pH and EC had sig-
nificant linear correlations (P<0.05) with fruit size. 
The fraction proportions of coarse sand and me-
dium-sized sand are the greatest in terms of soil parti-
cle size distribution and also had significant linear 
correlation (r=0.561; P=0.000) with fruit size. Total 
salt content and organic matter content were selected 
because they were the first two PCA axes that ex-
plained 81.76% of the variation between sites. It was 
shown that fruit size of different populations and the 
total salt content in the underlying soil had a signifi-
cant linear correlation (r=0.429, P=0.000), and fruit 
size and soil organic matter content had a significant 
linear correlation (r=0.248, P=0.000). 

4  Discussion and conclusion 

Generally, the poorer the sorting of deposits and the 
finer the soil particle size, the weaker soil osmosis will 
be (Zhu and Ding, 1991). Former studies have shown 
that the soil types associated with both five Calli-
gonum species in the Tarim Basin (Gulinuer, 2008) 
and C. ebi–nuricum (Zhang, 2007) were sand soil, 
which is consistent with our studies. It was determined 
that Calligonum favours sandy soil. C. mongolicum 
and related species have a wide distribution, but were 
found most frequently on the type of sandy soil. 

Table 3  The fruit sizes of C. mongolicum, C. pumilum, C. 
chinense, C. gobicum, C. alashanicum, C. zaidamense and C. 
roborowskii 

 M1 M2 M3 

Mean Max. Min. Mean Max. Min. Mean Max. Min.Fruit size
(cm)

 0.342 0.613 0.155 1.05 1.959 0.155 0.777 1.904 0.196

 P1 C1 G1 

Mean Max. Min. Mean Max. Min. Mean Max. Min.Fruit size
(cm)

 0.936 1.285 0.76 1.226 1.881 0.604 0.817 1.207 0.094

 A1 Z1 R1 

Mean Max. Min. Mean Max. Min. Mean Max. Min.Fruit size
(cm)

 1.711 2.802 0.908 1.996 3.136 1.036 1.722 1.522 2.365

 
The pH value affects plant development and com-

munity distributions (Lin, 2002). The soil pH value at 
the depth of 0–7 cm, growing C. ebi–nuricum, was 
found to be 8.90 (Zhang, 2007) and that of soil for 
growing 5 Calligonum species in the Tarim Basin was 
8.48 on average (Gulinuer, 2008). Both of these mean 
values are higher than the pH we recorded under C. 
mongolicum and related species (8.28). The range of 
the soil pH values in the Tarim Basin was from 7.59 to 
9.10, greater than that we found under C. mongolicum 
and related species (7.65–8.62) which has a larger 
geographic distribution though. Thus, the soil pH val-
ues we found at the depth of 0–7 cm for C. mongoli-
cum and related species were relatively narrow. The 
groundwater, containing abundant salts, ascends along 
continuous soil capillaries, which leads to the gradual 
accumulation of salinity in the form of a salt crust on 
the soil surface (Arias et al., 2005). The salinization in 
soils growing 5 Calligonum species is from mild to 
moderate in the Tarim Basin (Gulinuer, 2008). C. 
ebi–nuricum is not distributed according to the salinity 
of the soil in which it is growing (Zhang, 2007). The 
total salt content is highly variable geographically, and  

 
Table 4  The Pearson Correlation between soil  physical and chemical properties and fruit sizes of C. mongolicum, C. pumilum, 
C. gobicum, C. chinense, C. zaidamense and C. alashanicum 

Soil property Organic matter Total N Total P Total K Available N Available P 

Pearson Correlation 0.248 0.362 0.115 0.513 0.103 0.523 

Sig. (2–tailed) 0.000 0.000 0.005 0.000 0.006 0.000 

Soil property Available K pH Electric conductivity Total salt Coarse sand Medium-sized sand 

Pearson Correlation 0.456 0.492 0.102 0.429 0.561 0.562 

Sig. (2–tailed) 0.000 0.000 0.007 0.000 0.000 0.000 
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differs significantly among species of Calligonum L. 
Former studies have shown that there are significant 
differences in plant soil salinities. In contrast, the dif-
ferences among populations of the same species are 
not significant. Connecting with the analysis of fruit 
characters of C. mongolicum and related species (Shi 
et al., 2010), we consider that the similar conditions of 
soil pH and EC for C. mongolicum and related species 
may be caused by genetic factors, that is to say C. 
mongolicum and related species may be the same spe-
cies distributed widely on similar soils. 

Organic matter content occupies a small fraction of 
the total soil matter, however, it can distinctly affect 
the supply of plant nutrients, and influence soil buffer 
action (Ehrenfeid and Neal, 2002). The soil organic 
matter content we measured was relatively low, which 
accords with the results of former studies on other 
species in Calligonum L. (Zhang, 2007; Gulinuer, 
2008; Tan et al., 2008b), but that for soil growing C. 
mongolicum and related species had a wider range of 
0.912–9.427 and 0.529–5.468 g/kg. Previous research 
showed that the larger the distribution range of a spe-
cies, the wider the range of organic matter contents 
(Zhang, 2007; Gulinuer, 2008; Tan et al., 2008b). Our 
studies suggested that the greatest variability is re-
flected in C. mongolicum and related species. 

Total N, P, K, available N, P, K, pH, EC, organic 
matter and total salt of soils showed significant linear 
correlation (P<0.01) with fruit size of C. mongolicum 
and related species, yet fruit size has been taken as the 

most important taxonomic index to differentiate these 
species of Calligonum. With respect to our previous 
researches, concerning taxonomic relationship via 
studying fruits and chromosome similarities (Shi et al., 
2009; Shi et al., 2010), it can now be concluded defi-
nitely that the variability is due not to genetic differ-
ences but to differences caused by geographic distri-
bution and soil micro-condition changes, which fur-
ther strengthens the opinion that all indices concerning 
related species of C. mongolicum should be combined 
for studies on a reasonable basis (Shi, 2009). Because 
phenotypic variability can be affected by both genetic 
factors and environmental conditions, the differences 
in characters of high phenotypic plasticity are almost 
exclusively caused not by their genetic relationships 
but by environment (Davis, 1983; Xu, 1986). In order 
to validate this point of view however, controlled 
experiments are needed urgently. The Calligonum 
species have therefore been planted in the Germ Re-
sources Garden of Calligonum which can provide 
future material for controlled experiments. We hope 
this paper provides some new ideas concerning past 
taxonomic indices and how to treat them appropri-
ately. 
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