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Abstract  In the semi-arid area of the Loess Plateau, 
Caragana korshinski, a leguminous shrub, is the dominant 
plant species widely used in vegetation rehabilitation pro-
grams. We collected soil samples in 8- and 18-year-old   
C. korshinski plantations to assess the effects of the shrub 
on the physical and chemical properties of the soil as well 
as enzyme activities. Soil samples were taken from two 
depths (0–20 and 20–40 cm) under the shrub canopy between 
shrubs. Results showed that shrub rehabilitation and develop-
ment enhanced accumulation of organic C and total N. Carbon 
and nitrogen concentrations increased significantly with plan-
tation age and had increased by 15.3–20.5-fold and 
11.1–13.6-fold at 0–20 cm depth at the 18-year-old plantation 
compared with farmland soil. It was found that C. korshinski 
contributed significant enrichment of C and N contents un-
der their canopies compared with farmland. The content of 
water stable aggregates in 18-year-old shrub land soil is 
higher than the 8-year-old shrub land, and the big aggre-
gates (>5 mm) increased for the most part, by 67.4% and 
59.0% in different layers, respectively. The contents of ag-
gregates of over 0.25 mm in two shrub land soils in the up-
per layer (0–20 cm) increased by 4.6% and 14.1% com-
pared with farmland. It indicates that C. korshinski affore-
station can increase the content of aggregates. C. korshinski 
plantation can accelerate the increase of soil urea activity 
and invertase activity, respectively, especially in the upper 

layer. 
 
Keywords  Caragana korshinski, soil properties, planta-
tion chronosequence, rehabilitation  

1  Introduction 

Loess plateau ecosystems have been affected by various 
forms of human activities for millennia. During the last 
century, fragmentation and degradation of the ecological 
environment have accelerated due to the increasing popula-
tion pressure (Fu et al., 2000). In order to withstand the fur-
ther deterioration of the natural ecosystems, the Chinese 
government has launched a series of nation-wide conserva-
tion projects focusing on the construction and recovery of 
these damaged ecosystems. As for the Loess Plateau, one of 
the most emergent tasks may be the recovery of the vegeta-
tion due to its crucial and sustainable agricultural develop-
ment. The impacts of human activity on the Loess plateau 
were basically characterized by continuous and widespread 
stress like over-grazing and large-scale monocultures 
(wheat and maize).  

To rehabilitate eroded lands and improve regional 
eco-environments, some successful measures are suggested, 
such as fish scale and inter-planting of shrub and grass, 
planting indigenous trees, shrubs and grasses adaptive to the 
eroded land. Large areas of artificial shrub forest on de-
graded land were established as soil and water conservation 
binders, which should give rise to significant changes in the 
local ecosystem. Information on these changes is required 
for a better understanding of the restoration mechanisms, 
the interactions between soil and plant communities, and for 
appropriate management and conservation of the environ-
ment in the Loess Plateau. The objective of the present 
study was to identify changes in soil properties following 
the establishment of artificial Caragana korshinski planta-
tions on eroded land. 
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2  Materials and methods 

2.1  The study area 

This study area lies within 35°59′–36°02′N and 106°26′– 
106°30′E. Of the region, 90% is hilly, 4% is villages, rivers 
and lakes, and only 6% is considered suitable for intensive 
agriculture. The study area has a sub-arid climate charac-
terized by heavy seasonal rainfall with periodic local flood-
ing and drought. The average annual rainfall at the experi-
mental site is 400 mm (1941–2000; C.V. 18%) with distinct 
wet and dry seasons. The rainy season starts in July and 
continues up to October, with a sharp increase in the rainfall 
from July to October and the July rainfall accounting for 
24% of the annual rainfall. The reported annual evapotran-
spiration is approximately 1,000 mm leaving a potential 
rainfall excess of 1,000 mm per year. Most of the lands are 
located within a 1,600 m elevation and are closely dissected 
and sharp-edged with steep and very steep slopes. The mean 
annual temperature is 7°C and the slopes are deep (>20%), 
and the soil is slightly alkaline (pH 7.8–8.2). Soil profiles 
were described along transects at three locations of the hill 
slopes (upper, middle and lower); and soil samples were 
collected for physical, chemical, and mineralogical charac-
terization. Morphologically, little differentiation within the 
horizons, texture and color in the regolith material was ob-
served.  

2.2  Caragana korshinski plantations and management 

C. korshinski, a leguminous shrub, is widely distributed in 
the Loess Plateau and is a favored plant for restoring vege-
tation on eroded land (Cao et al., 2000). C. korshinski was 
widely planted on steep slope land around the experimental 
area. Planting was arranged in belts (row spacing 3 m, 
neighboring plant seedling spacing 1.5 m) and the orienta-
tion of the belts was parallel to the contour to prevailing soil 
erosion. Before planting, the dominant plant species on the 
eroded land were Stipa bungeana, Heteropappus attaicus, 
Artemisia giraldii, Thymus mongolicus, and so on. The 
vegetative cover was generally less than 10%; and water 
erosion often occurred during the summer and autumn rainy 
season. The soils had low organic matter content (0.8 g/kg 

organic C content) (An et al., 2006). C. korshinski grew into 
1 m high shrubby belts 3–5 years after planting. With grad-
ual stabilization of the eroded land, some short grasses, 
legumes and forbs invaded, and a stabilized shrubby-grass 
vegetation system was established. To date, an age series of 
8-, 18-year-old C. korshinski plantations is distributed sur-
rounding the village. After 10 years of C. korshinski growth, 
older shoots were pruned to facilitate regeneration. The 8- 
and 18-year-old plantations have undergone light livestock 
grazing in recent years. 

Table 1  Morphological traits of C. korshinski by plantation age 
Plantation age /year 

Trait  
8 18 

Mean height /cm 98.8 108.3 

Crown diameter  98.1 cm×86.3 cm 105.9 cm×89.2 cm

Number of shoots (N) 28 34 

Ground diameter /cm 1.02 1.22 

Values are means of 40 measurements 

2.3  Study approach and sampling design 

A common approach in studies of soil rehabilitation in rela-
tion to vegetative cover is to monitor plant and soil changes 
occurring along a vegetative chronosequence developed on 
similar soils under similar climatic conditions (Bhojvaid 
and Timmer, 1998). This chronological approach has been 
widely used in applied ecosystem research (Vernberg, 1988; 
Fang and Peng, 1997) and is considered ‘retrospective’ re-
search because existing conditions are compared with 
known original conditions and treatments (Bhojvaid and 
Timmer, 1998). 

The retrospective approach was adapted in this study be-
cause of the availability of closely located C. korshinski 
plantations established 8-, 18-years ago on eroded soils with 
similar properties. The plantations, therefore, provide a time 
gradient of shrub occupancy on similar sites. Changes in 
soil properties can be measured by comparing sites of dif-
ferent ages. Within each plantation (age of 8 and 18 years), 
three sites were selected as samples (three replicates). In 
addition, three non-vegetated land in the vicinity of the 
planted sites (farmland) were chosen as a control for the 
chronosequence. It was assumed that the soils of each site 
were similar prior to planting shrubs.  

2.4  Soil sampling and analysis 

Soil samples were collected in August 2003. In the two 
plantations (age 8 and 18), samples were taken from three   
C. korshinski belts. At each location, a composite soil sam-
ple from two depths (0–20 and 20–40 cm) was collected 
from five sampling points. Soil samples were taken from 0 
to 20 cm depth using a shovel, and from 20 to 40 cm depth 
using a 5-cm diameter soil auger. Soil was collected under 
the shrub canopies as close to the center of the shrub as 
possible. The original samples for soil aggregates analysis 
were collected by plastic box without being disturbed.   

Soil samples were air-dried and passed through a 2-mm 
sieve. Part of the air-dried and sieved samples was ground 
and passed through a 0.25-mm sieve for C and N analysis. 
Analytical methods for the determination of soil chemical 
properties: Soil pH was measured the day of collection in 
0.01 mol/L CaCl2, with a fresh weight/volume ratio of 1:2, 
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the suspensions were swirled, and the pH electrode was 
placed in suspended supernatant (Multiline F/SET-3, Ger-
many). Organic carbon content (ORGC) was determined by 
wet digestion with a mixture of potassium dichromate and 
concentrated sulfuric acid. Organic C was determined by 
dichromate oxidation of Walkley-Black, and total N was 
measured by the Kjeldahal procedure (ISSCAS, 1978).  

Determination of soil aggregate stability and sand con-
tent: soil aggregate stability was determined by the revised 
Yoder method. Since the influence of the initial water con-
tent on aggregate breakdown had been noted, a wet sieving 
test with a single sieve was used for both air-dried and 
pre-wetted samples. For the determination of the air-dried 
aggregate stability, we dropped 10 g of the samples (1–2 
mm) on a sieve with an opening of 0.25 mm placed in water. 
Then, we sieved them by raising and lowering with a dis-
tance of 5 cm at a strike of 30 times per minute for 5 min.  

Invertase activity: For the determination of invertase ac-
tivity, 15 mL of sucrose solution were used as the substrate. 
Soil portions were incubated at 37°C for 24 h with 5 mL of 
maleate buffer at pH 5.5. The samples were then filtrated 
quickly. Extract 1 mL to 50 mL flask and 3 mL dini-
tryl-salicylic was added, and then was extracted and deter-
mined at 508 nm. Assays without soil and without buffer 
were made at the same time as the control.  

Urease activity was determined by Colorimetric technique. 
A phosphate buffer of 2 mL with pH 7 and 0.5 mL 1.066 mol/L 
urea were added to 0.25 g soil samples and then the samples 
were incubated at 30°C for 90 min and the volume was     
increased up to 10 mL with distilled water. The ammonium 
released was measured using an ammonium selective electrode. 
A control without urea was used with each sample.  

Neutral phosphatase: soil samples were incubated for 1 h 
at 37°C, the p-nitrophenol released by phosphomono-
esterase activity is extracted and colored with sodium hy-
droxide and determined photometrically at 400 nm. 

3  Results 

All results are the means of three replications. Data were 
subjected to analysis of variance using DPS software. 

3.1  Soil chemical properties 

The establishment and development of C. korshinski re-
sulted in an enrichment of organic C and total N in the 
eroded soils (Table 2). Carbon build up at the 0–20 cm 
depth under the shrub canopy increased 2.10, 1.91-fold, re-
spectively from the alley (8.53 g/kg, age 0) after 8, and 18- 
years of shrub occupancy. Total N accumulation followed 
the same pattern with respect to plantation age, but the val-
ues of increase were higher than those of C, with a 3.6-fold 
increase under the canopy and a 1.4-fold increase in the al-
ley observed in the soil after 8 years of shrub growth (Table 
2). With increasing plantation age, the C and N levels both 
generally increased under the shrub canopy. Soil organic C 
and total N levels declined sharply at the 20–40 cm depth in 
the plantations of all ages.  

3.2  Soil physical fertility  

Soil mechanics has a very important role in soil formation 
and agricultural land utilization. One remark of soil degra-
dation is the sandification of soil texture. The data are 
shown in Table 3, where the content of clay in different 
shrub land shows that 18-year-old > 8-year-old shrub 
land>farmland. The content in the upper layer (0–20 cm) in 
18-year-old shrub land soil increased to 69 g/kg than 
8-year-old, the lower layer (20–40 cm) also increased (58 
g/kg). The content of fine silt in 18-year-old shrub land is 
50 g/kg and 44 g/kg in the two layers, respectively than 
8-year-old shrub land in the two layers, but is higher than 
farmland. However, the content of sand is different, with 
8-year-old shrub land having higher content than 
18-year-old, which means that plant rehabilitation can in-
crease the content of clay. 

Soil aggregates structure is the main index of evaluating 
the soil quality and degradation degree, which shows the 
role of the composition of aggregates and micro-aggregates 
(Amezketa, 1999). The data are shown in Tables 3 and 4. 
The content of water stable aggregates in 8-year-old shrub 
land soil is higher than 18-year-old old shrub land, and the 
big aggregates (>5 mm) showed the most increase by 67.4%  

 

Table 2  Soil properties of different ages of Caragana korshinski 

Vegetation types and ages Soil depth /cm T.O.C 
/(g·kg–1) 

Total N 
/(g·kg–1) 

Available N 
/(mg·kg–1) 

Available P 
/(mg·kg–1) 

Available K 
/(mg·kg–1) pH 

0−20 10.42±1.88 0.29±0.01 35.55±1.33 1.84±0.15 109.04±1.22 7.97±0.01 
18 years 

20−40 5.76±0.90 0.14±0.01 33.31±0.11 1.63±0.04 46.56±0.67 8.03±0.01 

0−20 9.50±0.62 0.11±0.02 30.15±0.22 1.81±0.08 97.51±0.85 8.01±0.01 
8 years 

20−40 5.70±0.85 0.09±0.01 27.26±0.13 1.64±0.09 55.73±0.23 8.07±0.02 

0−20 4.95±0.12 0.08±0.01 16.50±0.08 1.80±0.11 128.00±1.21 8.11±0.02 
Farmland 

20−40 4.35±0.08 0.06±0.01 15.40±0.06 1.65±0.21 47.00±0.35 8.16±0.03 
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Table 3  Soil mechanism of different ages of Caragana korshinski (g·kg−1) 

Sand/mm Silt /mm Clay /mm Vegetation 
types and 

ages 

Soil depth 
/mm 

>0.25 0.05–0.25 Sum 0.01–0.05 0.005–0.01 Sum 0.001–0.005 <0.001 Sum 

0–20 1.00±0.00 58.00±2.16 59.00±2.16 501.33±4.99 83.00±4.90 584.33±0.94 105.00±5.10 251.67±3.68 356.67±2.05
18 years 

20–40 1.00±0.00 68.33±5.44 69.33±5.44 494.00±5.35 89.00±4.55 583.00±0.82 90.33±9.18 257.33±11.90 347.67±5.44

0–20 1.00±0.00 74.33±4.11 75.33±4.11 547.33±4.64 82.33±3.77 629.67±3.30 77.67±7.59 216.67±9.53 294.33±5.31
8 years 

20–40 1.00±0.00 58.00±2.16 59.00±2.16 501.33±4.99 83.00±4.90 584.33±0.94 105.00±5.10 251.67±3.68 356.67±2.05

0–20 1.00±0.00 96.33±8.81 97.33±8.81 538.12±0.47 87.00±3.74 625.12±3.40 48.67±8.73 230.33±4.92 278.97±11.67
Farmland 

20–40 1.00±0.00 79.67±781 80.67±781 539.28±0.51 84.67±2.25 623.93±1.25 55.00±2.17 242.67±0.94 297.67±0.57

Table 4  Soil aggregates of different ages of Caragana korshinski (g·kg−1) 

Soil aggregates Vegetation types 
and ages 

Soil 
depth/cm >5 mm 2–5 mm 1–2 mm 0.5–1 mm 0.25–0.5 mm 

Total 
>0.25 mm 

0–20 507.0±48.36 242.3±13.52 23.3±8.73 23.3±8.34 12.7±6.60 808.7±33.16
18 years 

20–40 398.0±15.94 233.7±2.49 25.0±2.94 25.0±5.35 14.3±3.30 696.0±4.08 

0–20 434.0±78.65 269.0±16.51 28.0±7.79 31.0±12.19 15.3±5.44 777.3±59.79
8 years 

20–40 380.0±41.03 241.7±6.80 27.3±4.99 25.7±4.50 19.0±3.56 693.7±43.39

0–20 373.0±39.34 239.4±15.92 26.2±9.74 22.4±1.05 21.7±5.31 681.2±41.80
Farmland 

20–40 378.1±37.89 233.2±7.93 29.3±7.41 32.3±6.99 19.3±1.66 691.7±36.81

Table 5  Soil enzyme activities of different ages Caragana korshinski 

Vegetation types and ages Soil depth /cm Urease/ 
(NH3-N mg·kg−1) 

Sucrase/ 
(Glucose mg·kg−1) 

Neutral phosphatase/ 
(P2O5 mg·kg−1) 

0–20 91.20±2.40 1434.63±91.95 5.40±0.65 
18 years 

20–40 69.33±1.77 287.60±29.45 2.37±0.45 

0–20 82.90±7.21 1351.30±425.80 6.73±1.17 
8 years 

20–40 48.93±11.17 252.70±64.78 1.37±0.24 

0–20 46.63±0.85 814.33±32.31 3.67±0.09 
Farmland 

20–40 22.27±1.20 381.73±3.43 1.63±0.29 

 
and 59.0% in the different layers, respectively. The contents 
of >0.25 mm in the two shrub land soil in the upper layer 
(0–20 cm) increased 4.6% and 14.1% compared to farmland. 
It showed that C. korshinski afforestation can increase the 
content of aggregates. The dispersed coefficient (<0.001 
mm micro-aggregate/<0.001 mm clay) is low in the 18-year 
old shrub land soil, which also shows that the soil’s suscep-
tibility to erosion is low. 

3.3  Soil enzyme activities 

Soil enzyme activity plays an important role in the turnover 
of C, N, P and other nutrients. We analyzed urea activity, 
invertase activity and alkaline phosphatase in order to make 

senses of the role of C. korshinski in improving soil micro-
bial quality. The results shown in Table 5 indicate that urea 
activity increased by 8.3 mg/kg in the 0–20 cm depth and 
20.4 mg/kg in the 20–40 cm depth, respectively from the 
alley (8.53 g/kg, age 0) after 8, and 18 years of shrub occu-
pancy under the shrub canopy. Compared to farmland, soil 
urea activity increased 1.95, 1.77-fold in 0–20 cm, and 3.11, 
2.20-fold in the 20–40 cm. Invertase activity also increased 
1.76, 1.66-fold in the 0–20 cm, but it decreased in the 20–40 
cm compared to alley. Neutral phosphatase in the 8-year 
shrub land is biggest compared to alley and 18-years old. 
The dates showed that C. korshinski plantation can acceler-
ate the increase of soil urea activity and invertase activity, 
especially in the upper layer. 
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4  Discussion 

4.1  Change of soil characteristics after C. korshinski es-
tablishment  

In the Loess Plateau, water erosion can be reversed through 
the implementation of conservation measures, including the 
establishment of artificial vegetation (Zhao et al., 2000). 
Despite the fact that shrubs are often regarded as indicators 
of desertification in disturbed landscapes (Schlesinger et al., 
1990, 1996), they provide a crucially important protection 
against soil erosion by water in the Loess Plateau. Our pre-
sent results indicate that the establishment and development 
of C. korshinski on eroded soil resulted in significant im-
provements of soil physiochemical properties. The positive 
effects increased with plantation age. These results are in 
agreement with a recent study conducted in the Horqin 
Sandy Land of northwestern China (Su et al., 2002). Soil 
particle size distribution reflected the extent of soil erosion 
by water erosion (Lobe et al., 2001). C. korshinski shrubs 
function as natural barriers for reducing water erosion. This 
accumulation contributes to increases in silt and clay to the 
topsoil and thus enhances the development of a stabilized 
surface layer. Furthermore, the increases in silt and clay and 
the accumulation of organic matter led to decreased bulk 
density and increased water permeation. All changes are 
conducive for plant growth. Carbon and N accumulations 
have been regarded as indicators of soil fertility and pro-
ductivity (Jenny, 1958). The present results indicate that 
accumulations of C and N were very significant after C. 
korshinski establishment. The restoration of soil fertility 
induced by re-vegetation is a complicated ecological proc-
ess that is simultaneously affected by many biotic and 
abiotic variables (Liu et al., 1998). First, shrub establish-
ment and development not only offered an important safe-
guard against soil erosion, but the leaves of shrubs also 
trapped dust enriched with nutrients (Wezel et al., 2000). 
Second, C fixation through photosynthesis and its transfer 
via leaf litter and root turnover to the soil contributed to C 
accumulation. Third, N fixation by C. korshinski and N re-
lease by litter decomposition resulted in an increase in soil 
N content (Su et al., 2002b). The reduction in soil pH was 
probably related to vegetative cover because the extensive 
secretion of organic acids and the release of CO2 from roots 
and/or microorganisms can lead to a decrease in pH (Torn-
quist et al., 1999).  

4.2  Time effect for recovery of soil properties 

Vegetation can influence soil by root extrusion, interlude and 
division. The decomposition of dead root and leaves can also 
form soil humus and other matters (Dan, 1999; Amiotti, 2000). 
The result of using C. korshinski plantation to meliorate soil is 
different from many authors in China. Niu et al. (2003) con-
tend that after some years of C. korshinski plantation, parts of 
the soil nutrient will be deficient. Liu et al. (1997) figured out 

that soil nutrient condition had no relation to the growth years 
of C. korshinski. Wang et al. (1998) indicated that C. korshinski 
plantations deplete soil nutrients in the first four years. The 
recovery of a degraded habitat is influenced by climatic 
factors and the ecological conditions of the site (Thorhaug, 
1980). In the present study, soil improvement occurred with 
plantation age. Two distinct phases were distinguished in 
the chronosequence, namely: a faster recovery rate during 
the early establishment stage (0–8 years) and a slower re-
covery rate during the late successional stage (8–18 years). 
Similar recovery patterns have been observed in other stud-
ies examining the restoration effects of tree plantations on 
degraded sub-humid sites (Bhojvaid and Timmer, 1998; 
Singh et al., 2001). During the early stage, C and N accu-
mulation rates were higher under the shrub canopy than in 
the alley. However, at the later stage, similar accumulation 
rates were observed in the two locations. With increasing 
plantation age, expansion of C. korshinski roots and devel-
opment of herbaceous species in the alleys tended to de-
crease the spatial heterogeneity in soil properties. It should 
be noted that C and N contents were still relatively low after 
18 years of recovery.  

5  Conclusions 

In the semi-arid land of north China, shrub establishment 
plays an important role in the restoration of degradation 
ecosystems. The present study revealed some typical changes 
in soil properties in an age sequence of C. korshinski estab-
lished on loessic soil. 

Shrub establishment and development resulted in sig-
nificant changes in soil properties including increased silt 
and clay contents, organic C and total N and decreased pH, 
especially at canopy. It showed the C. korshinski afforesta-
tion can increased the content of aggregates and also can 
accelerate the increasing of soil urea activity and invertase 
activity respectively, especially in upper layer. 

Carbon and nitrogen concentrations increased signifi-
cantly with increasing plantation age. Faster recovery rates 
for C and N dynamics were suggested at early establishment 
stage (0−8 years) and slower recovery rates at late succes-
sional stage (8–18 years). 
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