
* Corresponding author: zkgtp@163.com 

Changes on available phosphorus and total nitrogen contents 
from soil around roots of two desert plants 

Guo-Hua Chang1, Wang-jiang Wang1, Zhuo-Xin Yin1, Bin Yue1, Jin-xiang Wang1,*, and Tian-peng Gao1,2,* 
1School of Geography and Environmental Engineering, Lanzhou City University, The Engineering Research Center of Mining Pollution 
Treatment and Ecological Restoration of Gansu Province, Gansu 730070, China 

2College of Biological and Environmental Engineering, Xi'an University, Xi'an 710065, China 

Abstract. In order to understand variation characteristics of the soil available phosphorus and total nitrogen 
(TN) content around the roots of typical desert plants Peganum harmala Linn. (PHL) and Asterothamnus 
centrali-asiaticus (AC), which are widely distributed in Jinchang mining area of Gansu Province, the soil 
samples around the roots of the two plants were collected, and the contents of available phosphorus and TN 
were analyzed. The results showed that the change trend of soil available phosphorus content was not the 
same in the range of 0-60 cm around the roots of PHL and AC. In most areas the change of available 
phosphorus content in the soil from around the root of PHL was U-shaped, and the content of phosphorus 
around the roots of AC increased firstly and then decreased, while the change trends of TN content around 
AC was decreased gradually. 

1 Introduction 
Phosphorus and nitrogen play an important role in the 
growth and metabolism of plants. To determine available 
phosphorus and nitrogen in soil is helpful for people to 
understand the supply of phosphorus and nitrogen in soil 
and to improve plant growth [1]. The absorption and 
utilization rate of nutrients, the demand for nutrients, and 
N and P nutrient levels provided by soil in the growing 
environment of plants are important factors which cause 
the differences in growth rate, reproductive output and 
competitiveness among plants [2, 3]. With the rapid 
growth of plant, it needs to require a large amount of 
rRNA for synthesizing protein, and rRNA contains a large 
amount of P, which would cause low C / P ratio and N / P 
ratio in the plants or tissues with high growth rate [3]. The 
contents of C, N and P and the ratio of elements in plant 
body could not only reflect the status of nutrient 
absorption and utilization, but also indicate the relative 
growth rate and nutrition strategy of plants [2-5]. The 
study on plant enrichment of heavy metals in nickel 
copper deposit area of Gansu Province showed that 
Peganum harmala Linn. (PHL) and Asterothamnus 
centrali-asiaticus (AC) were widely distributed here and 
could enrich copper and nickel [6]. The two plants are 
typical local desert plants. In Gansu province, Jinchang 
city has rich mineral resources and rich nickel ore reserves. 
The exploitation and utilization of the mine not only 
brings economic benefits to the local, but also brings 
many environmental problems [7]. It is needed to control 
soil pollution and restore vegetation in mining area for 

cherishing and rationally utilizing land resources, but also 
for environmental protection. 

Peganum harmala is a perennial herb, which has the 
typical characteristics of xerophyte, such as developed 
root system, deeply split leaves and thin lobes, and strong 
drought resistance. In addition, the plant grows 
luxuriantly and plays an important role in wind resistance, 
sand fixation and soil erosion prevention, and improving 
desert environment in Northwest China [8-10]. In recent 
years, the research on the Peganum harmala mainly 
focused on the stress resistance, active components and 
pharmacological activities [11, 12].  

Asterothamnus centrali-asiaticus is a semi shrubby 
desert plant, which appears in the desert and desert steppe 
zone, and is mainly found in loose sandy alluvial and 
proluvial soil. This plant has strong characteristics of 
drought resistance, cold resistance, barren resistance, sand 
burial resistance and wind erosion resistance, which plays 
an important role in maintaining the desert grassland 
ecosystem [13].  

In order to better understand the growth characteristics 
of the two plants in the region, the content of available 
phosphorus and TN in the soil around the roots of the two 
plants was measured for providing a reliable basis for the 
recovery of vegetation in the arid nickel-copper mining 
area. 

2 Materials and methods  
Soil samples were collected from Jinchang City, Gansu 
Province [6]. 7 sampling areas were selected (A, 38° 28' 
43.89"N, 102° 14' 00.50" E; B, 38° 28' 52.14"N, 102° 14' 
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25.44" E; C, 38 °27' 17.77"N, 102° 13' 21.69" E; D, 
38 °30' 57.5"N, 102° 09' 4.2" E; E, 38° 39' 16.23"N, 102° 
16' 46.32" E; F, 38° 29' 27.6"N, 102° 09' 10.3" E; G, 38° 
33' 49.3"N, 102° 08' 55.8" E). Soil samples (0 ~ 20 cm) 
were collected at the horizontal direction of 0, 20, 40, and 
60 cm from the root of the two plants. The collected soil 
samples were dried indoors, and stones and debris were 
removed from samples, and then crushed. 2.500 g of the 
sample after 1 mm sieving was weighed. Then 0.5 mol·L-

1 NaHCO3 (pH = 8.5) solution was added into the sample, 
followed by 30 min oscillation at constant temperature (25 
± 0.5 ℃), and then the sample was filtered immediately 
with a 0.22 μm phosphor-free membrane. The available 
phosphorus content in the filtrate was determined by Mo-
Sb Anti-Spectrophotometer [14]. The available 
phosphorus content in the soil samples was expressed as 
mg·kg-1, and the results were expressed as the mean ± 
standard deviation (SD). Soil samples were digested with 
concentrated sulfuric acid, and total nitrogen was 
determined by K9840 Automatic Kjeldahl nitrogen 
analyzer [15].  

3 Results and discussion 

3.1 Changes on available phosphorus in soil 
around plants  

In the above areas, the content of phosphorus varied from 
1.496 mg·kg-1 to 38.619 ± 2.293 mg·kg-1 (Fig 1 and 2). 
The content of available phosphorus in most samples is 
relatively low based on the classification standard of soil 
available phosphorus content in soil of China [16]. 

Changes on available phosphorus in soil around the 
roots of PHL from different areas were showed in Fig. 1. 
Within the 60 cm growth radius of PHL in A area, the 
phosphorus content in the soil from the horizontal 
direction around the plant roots decreased first and then 
increased, and the lowest content of phosphorus was 
1.496 mg·kg-1 at 20 cm. In B area, the highest phosphorus 
content was 20.961 ± 0.677 mg·kg-1 within the growth 
radius of 60 cm around the root of PHL. In area C, the 
phosphorus content around PHL decreased first and then 
increased, and the lowest phosphorus content was 8.742 ± 
0.730 mg·kg-1 at 40 cm. The content of phosphorus 
around PHL in area D decreased gradually with increasing 
distance, and the highest content of phosphorus was 8.411 
± 1.239 mg·kg-1 at 0 cm. The maximum value of 
phosphorus content around PHL was 24.218 ± 1.077 
mg·kg-1 at 60 cm in area E. The content of phosphorus 
around PHL showed a gradually decreasing trend in area 
F. Within the growth radius of 60 cm of PHL in G area, 
the phosphorus content decreased first and then increased, 
and the lowest value was 8.251 ± 0.251 mg·kg-1 at 40 cm. 

It can be seen that in most areas, the content of 
available phosphorus in the soil samples around the roots 
of PHL decreased first and then increased with the 
increase of the distance, and the content of phosphorus 
around the roots of the plant was relatively high. The 
phenomenon may be closely related to the microbial 
activities in the rhizosphere soil of the plant. Cheng et al. 
researched that the characteristics of bacterial 

communities inrhizosphere soil of P. harmala in a desert 
steppe in Baiyin, Gansu Province, and their results 
showed that there were significant differences in the 
composition and structure of rhizosphere microbial 
community from soil of P. harmala and its surrounding 
desert steppe soil. The number and diversity index of 
microorganisms in rhizosphere soil were significantly 
higher than those in non rhizosphere soil. The dominant 
bacteria in rhizosphere soil were consisted of 30.01% 
Actinobacteria, 23.98% Proteobacteria, 11.53% 
Bacteroidetes and 10.19% Acidobacteria, and the 
dominant soil bacterial community in the surrounding 
desert steppe were composed of 55.05% Actinobacteria, 
21.11% Proteobacteria and 6.07% Acidobacteria [9]. The 
result indicated that desert plants could increase the 
number and activity of rhizosphere microorganisms, 
promote the accumulation and transformation of soil 
nutrients, and play an important role in maintaining the 
function of desert ecosystem. 
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Figure 1. Changes on available phosphorus in soil around the 

roots of PHL from different areas. 
 
Changes on available phosphorus in soil around the 

roots of AC were showed in Fig. 2. In the above areas, AC 
was not found within 100 meters of the collection point in 
area A. The average phosphorus content near AC in area 
B was 22.875 mg·kg-1. The phosphorus content near the 
plant in area C was the lowest among all areas, with an 
average of 5.677 mg·kg-1. 

0 20 40 60
0

5

10

15

20

25

30

35

 C
on

te
nt

 o
f a

va
ila

bl
e 

so
il 

ph
os

ph
or

us
 (m

g/
kg

)

Distance (cm)

 B
 C
 D
 E
 F
 G

 
Figure 2. Changes on available phosphorus in soil around the 

roots of AC from different areas. 
 
The results showed that the change trend of the mean 

value of phosphorus content from all areas around PHL 
decreased firstly and then increased with increasing 
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distance, with the lowest phosphorus content of 8.051 ± 
0.838 mg·kg-1 at 40 cm; and that of the mean value of 
phosphorus content from all areas around AC increased 
first and then decreased with increasing distance, with the 
highest value of phosphorus content 15.760 ± 0.844 
mg·kg-1 at 20 cm (Fig 3). The content of available P at 60 
cm around PHL was close to that of AC, and their values 
of available P were 9.511 ± 0.434 and 8.868 ± 0.979 
mg·kg-1, respectively (Fig. 3). 

The average values of all the measured points from all 
the areas of these two plants were close to each other, with 
the values of 10.379 ± 0.891 mg·kg-1 for PHL and 12.519 
± 0.827 mg·kg-1 for AC. The results also indicated that the 
variation characteristics of available phosphorus content 
around the roots of different plants were different, which 
might be closely related to the characteristics of plant 
roots and the characteristics of microorganisms related to 
the roots of plants. 
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Figure 3. The average values of phosphorus content in soil 

around the two plants from all the areas. 

3.2 Changes on TN in soil around plants  

In the above areas, the content of TN varied from 0.11% 
to 0.020% (Fig 4 and 5). The content of TN in E area 
which is located in desert area is relatively lowest and 
there is the highest TN content in C area which is close to 
farmland. 

Changes on TN in soil around the roots of PHL from 
different areas were showed in Fig. 4. Within the 60 cm 
growth radius of PHL in A area, the TN content in the soil 
from the horizontal direction around the plant roots 
decreased first and then increased, and the lowest content 
of phosphorus was 0.37% at 40 cm. In area C, the 
phosphorus content around PHL decreased first and then 
increased, and the lowest phosphorus content was 0.082% 
at 20 cm. The maximum value of phosphorus content 
around PHL was 0.092% at 0 cm around PHL in D area 
(at tailing dam). The content of phosphorus around PHL 
showed a gradually decreasing trend with increasing 
distance, in area F and G areas. 

Changes on TN in soil around the roots of AC were 
showed in Fig. 5. The average TN contents in area C (near 
farmland) and D areas were higher than other areas. The 
TN contents near the plant in most areas decreased with 
increasing distance. 

The results showed that the change trend of the mean 
TN content from all areas around PHL decreased firstly 
and then increased with increasing distance, with the 
lowest TN content of 0.043% at 40 cm; while the TN 
content around AC decreased gradually with increasing 
distance, and the highest content of TN was 0.063% at 0 
cm (Fig 6). While, the average TN values of all the 
measured points from all the areas of these two plants 
were no significant difference between the two plants. 

The variation characteristics of nutrients such as 
nitrogen and phosphorus around plant roots are closely 
related to the growth characteristics of plant roots and the 
interaction characteristics between roots and 
microorganisms. The variation characteristics of nitrogen 
and phosphorus around the roots of different plants may 
be different.  

Li et al. found that the rhizosphere soil and the non-
rhizosphere soil of seven typical plants from the Loess 
Plateau had significant differences in both soil microbial 
biomass and basal respiration, and the contents of organic 
carbon and nitrogen in rhizosphere soil were higher than 
those in non rhizosphere soil [17].  
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Figure 4. Changes on TN in soil around the roots of PHL 

from different areas. 
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Figure 5. Changes on TN in soil around the roots of AC from 

different areas. 

3

E3S Web of Conferences 293, 01002 (2021) https://doi.org/10.1051/e3sconf/202129301002
GCEECE 2021



0 20 40 60
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08
 C

on
te

nt
 o

f  
TN

 in
 so

il 
 (%

)

Distance (cm)

 PHL
 AC

 
Figure 6. The average values of TN in soil around the two 

plants from all the areas. 

4 Conclusions 
On the whole, the content of soil available phosphorus in 
the study area is in the lower middle level. Within the 
range of 60 cm around the roots of the two plants, the 
change trend of average available phosphorus content in 
soil samples around AC is not the same as that of PHL. 
Around the two roots of AC and PHL, both of the highest 
values of TN content showed at 0 cm, and the former was 
higher than that of the latter. Generally, the change trends 
of TN content was similar with the available phosphorus 
content in soil around the roots of PHL, while the change 
trends on TN content around AC was not the same with 
the available phosphorus content in soil. 
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