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Abstract 
 Calligonum. Roborowskii A.Los of Poly-
gonaceae is a drought-tolerant shrub distributed 
in the desert areas of southern Xinjiang, China. 
In the present study, the intra and inter popula-
tion variation in C. roborowskii were examined 
biometrically on the basis of morphological 
characters of fruits and its relationship to eco-
geographic features by comparing five popula-
tions from the Tarim Basin in terms of nine fruit 
characters. Intra-population variation was inves-
tigated using variation coefficient and one-way 
ANOVA test. A high degree of within-population 
variation was observed for most characters, with 
between-rib distance and bristle length found to 
be most variable. Hierarchical agglomerative 
cluster analysis revealed the presence of two 
morphotypes within the five populations. Inter-
population variation was analyzed using Tukey’s 
t-test, also a highly significant differences were 
also detected among populations for most char-
acters. Principal components analysis indicated 
that achene shape and fruit width were responsi-
ble for most observed inter-population variation, 
and cluster analysis divided the five populations 
into two distinct groups. Fruit length, fruit width, 
and bristle length were strongly positively corre-
lated with altitude. The other eco-geographic 
factors, Longitude and Latitude did not signifi-
cantly correlate with studied characters of C. ro-
borowskii fruits.  
Keywords: Calligonum. Roborowskii; fruit mor-
phology. eco-geographic factors, population 
variation, Xinjiang 
 
Introduction  
 T h e  g e n u s  C a l l i g o n u m  L .
（Polygonaceae）comprises 35-80 species and 
mainly distributed in the arid desert area of 

North Africa, southern Europe and Asia. 
(Mabberly 1990, Brandbyge 1993). In China there 
are 23 species of Calligonum mainly in Nei Mon-
gol, Gansu, Qinghai and Xinjiang Provinces (Bao 
and Alisa 2003), of which 22 are in Xinjiang (Mao 
1992). Calligonum species play an important 
role to the stability of desert natural and artifi-
cial vegetation (Mao and Pan 1986, Ren and Tao 
2004). Calligonum genus with smooth stems and 
branches, bearing abortive flowers and small 
succulent fruits, is eaten when food is scarce 
during famines in arid regions. Flower made into 
bread or cooked with claried butter or coconut 
oil to make a local delicacy (Bewal and Sharma 
2008). Roots and thick branching stems are used 
as fuel (Singh and Wadhwani 1996). The aque-
ous paste of plant act as an antidote against poi-
sonous effect of certain harmful plants (Singh 
and Wadhwani 1996). 
 The fruit extrinsic morphology is previ-
ously treated as a key taxonomic character in 
Calligonum L. Mature fruits provide an easy and 
reliable means of identification for sectional 
identification. The currently accepted taxonomy 
of Calligonum divides the genus into four sec-
tions according to the morphology of fruits: 
(Musaev and Soskov 1977). Calligonum robor-
owskii belongs to the section Medusa Sock. et 
Alexandr. and it is found mainly in the Tarim ba-
sin of China with characters of drought-
resistance, salt resistance and sand-loving. It is a 
good species for wind-break and sand-fix. 
 Taxonomy of C. roborowskii is very con-
troversial. It is firstly named by А.С. Лозина-
Лозинсkая in 1927. Mao Zumei maintained C. 
roborowskii as a separate species when he edit-
ed the Flora of China (Bao and Alisa 2003); In 
1989, Grabovskaya-Borodina regards C. robor-
owskii  as well as C. zaidamense to be synony-
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mous with Calligonum litvinovii Drobow (Bao 
and Alisa 2003). Wei Shi et al. (2012) examined 
fruit morphological characters in C. monogol-
icum and many other species in sect. Medusa, 
including C. roborowskii, and concluded that all 
six examined species, including C. roborowskii, 
should be merged with C. mongolicum. Taxo-
nomic confusion in the species has resulted from 
mainly morphological variabilirty of fruits and 

achenes. Therefore, the morphological variability 
of C. roborowskii within and among populations 
must be investigated before making rational tax-
onomic decision.  
 It is important to understand environ-
ment modifications and adaptation characters of 
plants when studying plant variability and taxon-
omy and when choosing or weighting characters 
(Bradshaw 1965, Grant 1991), and thus it is un-
reasonable to ignore modifications and adapta-
tions of characters when making rational taxo-
nomic decisions (Davis and Heywood 1963, Da-
vis 1983). Species distribution usually has great-
er genetic variability. The fruit or seed is one of 
the most important taxonomic characters 
(Miehelle et al. 1995), and it is worthwhile to 
study its taxonomic value and environmental 
modification. Thus it is become necessary to 
identify possible relationship between fruit mor-
phological difference and eco-geographic fea-
tures of C. roborowskii when study taxonomic 
confusion of the species.  
 In spite of the description of taxa based 
on morphological characters, the morphological 

Fig 1. Intra-population variability of five samples of C. roborowskii  analysed using the ward agglomera-
tion on the shortest euclidean distances among individuals. 
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Fig 2. Comparison of morphological traits in five populations of C. roborowskii Bar represent means and 
error bars are the standard deviations; numbers above are coefficients of variation and letters indicated 
Tukey’s test result; same letters in the same graphic indicate no significant difference(p>0.05). Result of 
Tukey T-test for 9 characters of five populations of significantly at level p=0.01 
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variation and relationship between fruit mor-
phological difference and eco-geographic fea-
tures of C. roborowskii has not been studied in-
tensively. The only known intra-population vari-
ation of some fruit characters of C. roborowskii 
were investigated by author based on not very 
numerious individual, sampled only one popula-
tion from Bugur county of Xinjiang. (Gulnur and 
Pan 2008). The Inter -population variation of 
some fruit characters of C. roborowskii also were 
investigated by author based on several popula-
tions (Gulnur et al. 2010). For the first time to the 
best of the author’s knowledge, this study tack-
les intra and inter populations variation of fruit 

morphology and their relation to eco-
geographic features of C. roborowskii by com-
paring five populations in Tarim basin of Xin-
jiang. The basic aim of the present study was to 
quantify fruit morphological variation within and 
between populations of the C. roborowskii from 
in Tarim basin of Xinjiang, China on the basis of 
multivariate statistics, and to determine whether 
there are clear morphological differences be-
tween the populations and their relation to eco-
geographic features. The results of this study 
should be useful for making rational taxonomic 
decisions of C. roborowskii and futher help to 
plan an effective conservation strategy for the 
species.  
 
Materials and Method 
Plant materials  
 In June and July 2005, we sampled wild 
populations of C. roborowskii growing in the 
Tarim Basin, Xinjiang, China from the following 
localities: Korla (P1 and P2), Toksun (P3), Kashkar 
(P4) and Hotan (P5). (Table 1). We sampled 10 
individual plants from each population. The 
roots of Calligonum L. have the clone characters, 
so keep the 40m space between the individuals 
as sampling in order to avoid the repeated sam-
pling for the same individual plant. We randomly 
collected mature fruits as many different branch-
es as possible from every selected individuals. 

Fig 3. Cluster dendrogram for five populations of C. roborowskii obtained using Ward’s agglomerative 
clustering method of Euclidean distances using measured fruit characters.  

Table 1. Location of the five populations sampled in this study. 

Number of sam-
ple Localization Longitude Latitude Altitude 

P1 Korla, Xinjiang 41°51′40.4″ 85°42′45.0″ 922.3 
P2 Korla, Xinjiang 42°16′52.0″ 86°59′25.1″ 1105 
P3 Toksun,Xinjiang 42°14′43.2″ 88°10′33.3″ 931.8 
P4 Kashkar, Xinjiang 39°55′10.6″ 78°14′35.1″ 1141 
P5 Hotan, Xinjiang 36°45′16.3″ 82°02′54.6″ 1648 

Table 2. Morphological characters examined in Calli-
gonum roborowskii. 

character Accuracy (mm) 
length of fruit 0.1 
width of fruit 0.1 

length of bristle 0.1 
distance of the between ribs 0.1 
distance of between bristles 0.1 

length of achenes 0.1 
width of achenes 0.1 

Fruit shape   
Achenes shape   

Gulnur Sabirhazi  et al. 
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Voucher specimens were deposited in XJBI and 
the fruits were analyzed as follows. 
 Ten fruits per plant were randomly cho-
sen and the following characters were measured 
for each fruit: length of fruit (character 1), width 
of fruit (character 2), length of bristle (character 
3), distance between ribs (character 4), distance 
between bristles (character 5), length of achene 
(character 6), width of achene (character 7), fruit 
shape (length of fruit / width of fruit ratio 
(character 8), and achene shape (length of 
achene / width of achene ratio) (character 9) 
(Table 2). 
Statistical analyses 
 To examine fruit character variation with-

in and between populations and analyze the eco
-geographic features influencing this variation, 
arithmetic means and variation coefficients were 
first calculated separately for every individual 
and population. To determined significance dif-
ference within population for each morphologi-
cal characteristics an one-way ANOVA  test were 
used. For each character, significant differences 
between populations were assessed by applying 
Tukey’s t-test to the mean values. To examine 
relationships within and between populations, a 
hierarchical agglomerative cluster analysis was 
carried out following Ward’s method of squared 
Euclidean distances, and dendrograms were con-
structed based on the results. Principal compo-

Table 3. Statistical description of the nine analyzed fruit characters from five C. roborowskii populations. 
Statistics sample character 

1 
  
2 

  
3 

  
4 

  
5 

  
6 

  
7 

  
8 

  
9 

Mean P1 
P2 
P3 
P4 
P5 

All sam-
ples 

13.97 
15.02 
14.29 
12.10 
11.82 
13.44 

11.93 
12.67 
13.24 
10.82 
9.89 
11.71 

5.62 
5.133 
5.21 
4.50 
3.44 
 4.78 

1.17 
1.87 
1.74 
1.48 
1.58 
1.57 

1.03 
1.57 
1.45 
1.27 
1.14 
1.29 

8.10 
9.29 
8.05 
9.09 
7.81 
8.48 

3.74 
4.79 
4.73 
4.69 
4.48 
4.49 

1.18 
1.19 
1.09 
1.12 
1.20 
1.15 

2.17 
1.96 
1.73 
1.94 
1.76 
1.91 

Minimum P1 
P2 
P3 
P4 
P5 

12.87 
12.45 
13.51 
10.31 
9.72 

10.58 
10.75 
11.25 
9.14 
 8.30 

5.20 
4.41 
4.41 
3.83 
2.82 

0.90 
1.58 
1.26 
1.27 
1.35 

0.82 
1.36 
1.19 
1.15 
0.99 

7.29 
7.91 
7.48 
7.57 
6.87 

3.51 
4.15 
4.08 
4.35 
3.86 

1.10 
1.12 
0.99 
1.07 
1.16 

1.95 
1.62 
1.48 
1.75 
1.53 

Maximum P1 
P2 
P3 
P4 
P5 

16.10 
18.38 
15.35 
14.39 
13.40 

13.76 
15.28 
15.49 
12.82 
11.52 

6.63 
6.68 
5.94 
5.40 
4.00 

1.30 
2.20 
2.09 
1.63 
1.80 

1.17 
1.81 
1.71 
1.36 
1.30 

9.10 
10.20 
8.48 
10.06 
8.50 

4.13 
5.68 
5.37 
5.11 
5.15 

1.30 
1.29 
1.21 
1.25 
1.27 

2.49 
2.37 
1.89 
2.13 
1.98 

Variation 
coefficient 

P1 
P2 
P3 
P4 
P5 

All sam-
ples 

8.23 
10.79 
3.78 
9.93 
9.71 
8.49 

8.55 
11.13 
8.21 
10.86 
10.30 
9.81 

8.54 
12.85 
7.50 
11.32 
11.34 
10.31 

9.83 
13.37 
17.07 
7.91 
11.20 
11.88 

8.74 
9.55 
11.84 
4.84 
9.35 
8.86 

6.17 
6.67 
4.43 
9.66 
5.21 
6.43 

4.81 
9.19 
9.65 
5.31 
11.71 
8.13 

4.24 
4.12 
5.33 
4.29 
2.92 
4.18 

7.83 
12.76 
8.57 
6.87 
9.77 
9.16 

Table 4. ANOVA results for nine fruit characters among different plants in five populations of C. roborowskii. 

Popu-
lation   1 2 3 4 5 6 7 8 9 

P1 
F-test 3.086 3.153 3.687 8.019 8.639 5.700 2.572 2.280 6.152 
Sig. 0.03 0.02 0.01 0.00 0.00 0.00 0.11 0.24 0.00 

P2 
F-test 4.085 4.621 5.170 11.582 16.234 5.139 6.474 5.282 14.539 
Sig. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

P3 
F-test 1.718 6.918 3.637 17.513 4.425 3.248 7.808 1.189 8.811 
Sig. 0.96 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00 

P4 
F-test 20.152 14.740 8.111 3.172 1.898 16.552 3.872 3.827 5.457 
Sig. 0.00 0.00 0.00 0.04 0.71 0.00 001 0.01 0.00 

P5 
F-test 16.624 20.233 6.180 9.085 3.119 6.597 25.470 4.080 6.213 

Sig. 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 
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nents analysis was conducted to explore the 
main causes of inter-population differences in 
fruit morphology. A non-parametric correlation 
analysis was performed by calculating 
Spearman’s correlation coefficients between 
morphological characters and eco-geographic 
features (longitude, latitude, and altitude). All 
analyses were conducted using Excel 2007 and 
SPSS 19.0. 
                                                                                                                                                                                                                 
Results  
Intra-population variation 
 Average values for length of fruit 
(character 1) and width of fruit (character 2) 
characters were about 13 mm and 11 mm, re-
spectively, and these varied within  populations. 
The largest fruits were found in the P2 popula-
tion. Length of bristle (character 3) was even 
more variable, with the largest average value 
found in the P1 population. Distances between 
ribs (character 4) and distances between bristles 
(character 5) were less variable. Length of achene 
(character 6) and width of achene (character 7) 
averaged about 8 mm and 4 mm, respectively; 
These characters varied slightly populations. The 

largest were found in the P2 population. Fruit 
shape (character 8) was similar within popula-
tions, while achene shape (character 9) was 
slightly different within populations (Table 3). 
 Variation coefficients for all characters 
within populations are shown in Table 3. A high 
degree of within-population variability was ob-
served for most characters in most populations. 
Distance between ribs and length of bristle 
(characters 3 and 4) were generally the most var-
iable characters within populations. 
 As shown in Table 4, analysis of variance 
(ANOVA) revealed that within-population differ-
ences were significant (p <0.05) for all charac-
ters, except for width of achenes and fruit shape 
(characters 7 and 8) in P1, length of fruit 

(character 1) in P3, and distance between bristles 
(character 5) in P4 and P5. 
 When Ward’s agglomerative clustering 
method was applied to the morphological data, 
all five populations were differentiated into two 
groups of individuals at a high level (20–25) 
(Fig.1). This result suggests that these five popu-
lations were composed of two different mor-
photypes. These morphotypes differed primarily 
in bristle length, distance between ribs, fruit 
length, fruit width, and achene shape. 
Inter-population variation 
 Tukey’s t-test for morphometric differ-
ences revealed that there were highly significant 
differences between populations for most char-
acters. All compared populations differed signifi-
cantly from each other with respect to at least 
six traits, and most differed significantly for more 
than six characters. The most divergent popula-
tions were P1 and P4, which significantly differed 
with respect to all nine characters.(Fig 2)  
 We used principal components analysis 
to explore the relative contribution of the nine 
fruit characters to the observed inter-population 
variation (Tables 6, 7). The first three principal 

Table 5. Eigenvalues, variance, and cumulative vari-
ance from principal components analysis of five 
populations of C. roborowskii. 

Eigenvalue 
Contribution rat 

e（%） 

Accumulative 
contribution 

rate 
3.651 40.517 40.517 
2.540 28.221 68.792 
1.438 15.982 84.774 
0.634 7.040 91.814 
0.414 4.605 96.419 
0.205 2.277 98.697 
0.109 1.207 99.904 
0.007 0.075 99.979 
0.002 0.021 100.000 

Table 6. Component matrix obtained from principal components analysis of five C. roborowskii  
populations. 

Characters 
              component 

1 2 3 
width of seed 0.862 0.358 -0.310 
length of seed 0.772 0.530 -0.010 
the distance of between bristles 0.750 -0.307 0.315 
the distance of the between ribs 0.645 -0.529 0.320 
Ratio of achenes length/width(7/8) -0.190 0.868 0.362 
length of bristle 0.619 0.672 -0.303 
width of achenes 0.646 -0.655 0.098 
Ratio of seed length/width(1/2) -0.437 0.252 0.725 
the length of achenes 0.553 0.247 0.61 

Gulnur Sabirhazi  et al. 



 

 185 

Table 7. Correlation coefficients calculated for seven measured fruit characters and three 

Code 1 2 3 4 5 6 7 
1               
2 0.912**             
3 0.801** 0.833**           
4 0.244 0.282* -0.310         
5 0.381** 0.416** 0.175 0.741**       
6 0.440** 0.336* 0.310* 0.288* 0.428**     
7 0.144 0.289* -0.070 0.682** 0.587** 0.390**   

latitude 0.243 0.254 0.125 0.218 0.313* 0.128 0.248 

longitude 
0.187 0.178 -0.019 0.251 0.261 -0.018 0.237 

altitude -0.451** -0.526** -0.773** 0.177 -0.100 -0.144 0.116 
*Significant at p ≤0.05 **Significant at p ≤0.01   

components accounted for 84.774% (>70%) of 
the total variation (Table 5). As can be seen from 
Tables 5 and 6, the first component was respon-
sible for 40.517% of the total variation, mostly 
based on width of fruit (0.862), length of fruit 
(0.772), and distance between bristles (0.750). 
The second component was responsible for 
28.221% of the observed variation, based mainly 
on achenes shape (0.868) and length of bristle 
(0.672), and the third component accounted for 
15.982% of the variation, primarily due to fruit 
shape (0.725) and length of achenes (0.61). It is 
clear that achenes shape and width of fruit were 
the primary factors contributing to the observed 
fruit phenotype-based population differences. 
 Cluster analysis using Ward's Euclidean 
distance method divided the five studied popula-
tions into two groups (Fig. 3). The first group com-
prised P1, P2, and P3 populations, while the se-
cond group consisted of P4 and P5 populations. 
Finally, to test whether observed variation in 
fruit morphological traits was driven by geologi-
cal factors, correlation coefficients were calculat-
ed between morphological traits and eco-
geographic features (longitude, latitude, and 
altitude). Length of fruit, width of fruit, and 
length of bristle showed a highly significant pos-
itive correlation with altitude (Table 7). 
 
Discussion 
 Except for characters 7 and 8 in P1, char-
acter 1 in P3, and character 5 in P4 and P5 popu-
lations, within-population variation was signifi-
cant (p <0.05) for all examined fruit characters in 
C. roborowskii. These observations are con-
sistent with results from analyses of morphologi-
cal variation among populations of C. rubicun-
dum (Tao and Ren 2004) and C. mongolicum/C. 
pumilum (Shi et al. 2009). All of these studies 
found significant within-population variation 

with respect to fruit morphology. This within-
population variation may be due to genetic vari-
ability, microsite selection, or phenotypic plastic-
ity.  
 In this study significant variation in fruit 
morphology was observed among populations 
of C. roborowskii. and with an increase in longi-
tude, where size of fruit, width of fruit and 
length of bristle were decreasing. There are three 
possible explanations for this observed inter-
population variation. First, high levels of pheno-
typic plasticity may play a major role, with habi-
tat differences among and within populations 
possibly promoting phenotypic differences in 
fruit and achene sizes. Consistent with this theo-
ry, total and available N, P, and K, pH, electrical 
conductivity, organic matter, and salinity of soil 
were found to be significantly correlated with 
fruit size in C. mongolicum and related species 
(Wei Shi et al. 2012). The degree to which differ-
ences in available environmental resources (e.g., 
light, temperature, and water) between natural 
populations cause large morphological differ-
ences is not known; however, it has been shown 
that fruit morphology is influenced by soil nutri-
ent status and rainfall amounts (Murray and Gill 
2001), and temperature, rainfall, soil moisture, 
and nutrient status are related to seed size 
(Baflueles and Obeso 2003, Murray et al. 2003, 
2004). According to our observations, C. robor-
owskii. can occur mainly on sand with low con-
tent of soil organic matter the pH are between 
8.09 to 8.88. Tanyong et al. (2008) and Shiwei et 
al.(2012) reported Calligonum species including 
C. roborowskii. occur sandy soil with low organic 
matter and low salt content. From this I can say 
it should be slected as the pioneer plants in re-
generating ecosystems in arid desert regions in 
China. 
 A second possible explanation is micro-
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site selection, assuming low gene flow among 
populations and high selection coefficients. 
Third, these results might be attributed to ge-
netic drift, assuming low gene flow, small effec-
tive population sizes, and neutral morphological 
phenotypes (Van Rossum et al. 1977, Tremblay 
1977).  
 Fruit morphology has been used as a key 
taxonomic character for distinguishing Calli-
gonum species (Mao and Pan 1986, Bojian and 
Grabovskaya-Borodina 2003). (In floras of indi-
vidual countries, details regarding fruit morphol-
ogy are very limited, with only basic information 
given about shape, color, and size of fruits and 
achenes). In this study, we detected significant 
variation in fruit morphology among and within 
populations of C. roborowskii. Based on these 
results, we believe that fruit characteristics can-
not be used as a straightforward and feasible 
taxonomic test for species differentiation in Cal-
ligonum. This variation may be interpreted as an 
adaptive characteristic. Variability in fruit mor-
phology may also be seen as a consequence of 
random processes, such as genetic drift. Moreo-
ver, habitat differences among and within popu-
lations may be promoting phenotypic differ-
ences in fruit morphology. 
 This study demonstrates that the mor-
phological features of fruits and principal of ge-
ographic distribution and the intra - and inter -
population variability can be useful for better 
understanding taxonomic decision of C. robor-
owskii. It is evident that by combining results of 
morphological and molecular surveys, it may be 
possible to better elucidate population dynamics 
and identify suitable taxonomic characters for 
species delimitation in C. roborowskii and its 
congeners. To further assess intra-population 
and inter-population variation in C. roborowskii, 
the use of molecular markers to examine genetic 
variation should be considered in future studies 
of this species. 
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