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Abstract 
This study takes the natural grassland community in the Loess Hilly Area as the research 
object, through the establishment of field positioning fertilization experiment, to 
explore the response differences of grassland community biomass and leaf and root 
stoichiometric characteristics to nitrogen and phosphorus addition under different 
micro terrain (slope position and slope direction) gradients, in order to provide 
reference for vegetation restoration and construction in the loess hilly area. The results 
showed that: (1) the aboveground biomass of grassland community showed an 
increasing trend after two fertilization treatments, and the response degree of 
aboveground biomass to fertilization treatment was that N + P addition was higher than 
n addition; The underground biomass of some micro terrain decreased after fertilization 
treatment. There was no significant difference in the total biomass of grassland 
community after the two fertilization treatments, and the fertilization treatment had no 
significant effect on the vertical distribution pattern of roots. (2) The N content of group 
deciduous leaves increased after two kinds of fertilization, and the P content of leaves 
increased in the sunny slope than before fertilization, but the change trend was more 
complex in the shady slope. The N / P mass concentration ratio of leaves after two 
fertilization treatments was greater than 16, indicating that the grassland ecosystem in 
this area was more limited by P than n. (3) After the two fertilization treatments, the 
content of root c changed little, and the content of root N and P showed different 
increasing trends, among which the change of root P content was significantly different 
(P < 0.05); In addition, the C / N, C / P and N / P ratios of roots decreased, and the C / P 
and N / P ratios of roots decreased significantly in the whole section and shady slope (P 
< 0.05). 
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1. Introduction 

In recent years, with the rapid development of human activities and industry, global changes marked 
by the increase of atmospheric CO2 concentration, climate warming and nitrogen deposition have 
taken place [1], and grassland ecosystem, as an important part of terrestrial ecosystem, plays an 
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increasingly prominent role in coping with and mitigating global climate change [2,3]. China's 
grassland area is vast and widely distributed, and the area of all kinds of grassland is about 4 × 108 
hm2 [4], of which the grassland area in the Loess Plateau can reach 0.6×108 hm2[5], Grassland 
biomass dynamics is the concentrated embodiment of community structure and function, which can 
reflect the growth status of vegetation and the changes of external environmental conditions. At the 
same time, it is also an important index to measure grassland degradation [6,7]. Ecological 
chemometrics is a discipline that studies the balance between multiple elements in ecological 
processes and functions [8,9]. Its stoichiometric relationship can characterize the changes in the 
components and functions of organisms at different levels and the supply of elements in the 
environment [10], which provides a powerful tool for studying the limitation of plant nutrients and 
their adaptation strategies at different scales. 

Loess hills are the main geomorphic form on the Loess Plateau [11], with undulating terrain, vertical 
and horizontal gullies, and soil and water loss accompanied by a large amount of nutrient loss [12], 
which greatly increases the difficulty of vegetation restoration and reconstruction in the loess hilly 
area. As one of the important measures to restore grassland and improve community productivity, 
fertilization experiments have only been carried out in various grassland ecosystems in recent years 
[13-16]. Some studies have shown that the application of nitrogen fertilizer can increase the 
aboveground biomass of grassland community, but the impact on the underground biomass of the 
community is not uniform [17-20] The promotion effect of phosphorus fertilizer on aboveground 
biomass of grassland community is lower than that of nitrogen fertilizer, but phosphorus fertilizer can 
significantly increase underground biomass of grassland community [21]. In addition, the content and 
stoichiometric ratio of carbon, nitrogen and phosphorus in plant leaves and roots will have different 
responses to the addition of nitrogen and phosphorus. At present, most of the nutrient addition 
experiments taking grassland community as the research object are mainly nitrogen addition, and 
there are few relevant experiments on phosphorus addition or nitrogen phosphorus coupling addition. 
The research on the impact of nitrogen and phosphorus addition on vegetation community 
productivity and stoichiometric characteristics under micro terrain gradient is even less. Therefore, 
this study takes the grassland community under the micro terrain gradient (upper, middle and lower 
part of the sunny slope, top of the slope, upper, middle and lower part of the shady slope) in the Loess 
Hilly Area as the research object, and studies the response differences of grassland community 
biomass and stoichiometric characteristics to different fertilization treatments under the micro terrain 
gradient, in order to provide scientific reference for regional vegetation restoration and construction. 

2. Materials and Methods 

2.1 Research Method. 

Select typical sections in the study area, select homogeneous sample plots at different slope positions 
(lower part, middle part, upper part and top of slope) and slope directions (shady slope and sunny 
slope) for sample plot layout. There are 7 sample plots in each section, and use handheld GPS to 
complete the investigation of altitude, slope, slope direction and other related attributes. Each sample 
plot is provided with three 1m × Repeat units of 3m size, and then divide each cell into three 1m cells 
× For 1m small quadrat, insert wood strips in the middle for marking, and conduct the following 
treatment randomly: CK treatment: no fertilization; N treatment: apply 43.4 g of nitrogen fertilizer 
(urea, nitrogen content 46%, pure nitrogen 20 g); N + P treatment: apply 43.4 g of nitrogen fertilizer 
(urea, nitrogen content 46%, pure nitrogen content 20 g) + 21.7 g of phosphorus fertilizer (calcium 
superphosphate, phosphorus content 46%, pure phosphorus content 10 g). The fertilizer is divided 
into two equal parts and fertilized twice. The first fertilization is in August 2014 and the second 
fertilization is in April 2015. In order to avoid the negative impact of Fertilization on plants, 
fertilization shall be carried out on cloudy or light rainy days as far as possible, and the sample 
collection time is the middle of August 2015. 
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2.2 Determination of Biomass 

In the middle of August 2015, the community characteristics investigation and biomass collection of 
quadrats in the study area were carried out. The aboveground biomass adopts the traditional 
harvesting method. In each survey sample, all plants are cut from the stem base, divided into species, 
put them into envelopes, take them back to the laboratory, bake them at 75 ℃ to constant weight, and 
then weigh them. The underground biomass is collected by the soil core drilling method, and 5 points 
are randomly selected in the sample plot with a soil drill with an inner diameter of 9.0 cm. For the 
stratification method of each sample point, refer to the research of Zhang Yi [22] and others, drill in 
layers of 0-20, 20-50, 50-80 and 80-100 cm, and then place it in a 0.1 mm screen, wash it repeatedly 
with a large amount of water, dry it, bake it to constant weight at 75 ℃ and weigh it. Underground 
biomass (g ∙ m-2) = average root dry weight per soil core (g) / [π × (0.09(m)/2)2)] [23]. 

3. Results and Analysis 

The variation range of aboveground biomass of grassland community under micro terrain conditions 
in loess hilly area is 119.5-236.4 g/m2, the average value is 158.4 g/m2, and the coefficient of 
variation is 26.0%; The variation range of aboveground biomass was 156.5-278.3 g/m2, the average 
value was 196.8 g/m2, and the coefficient of variation was 20.8%; After applying nitrogen and 
phosphorus fertilizer at the same time, the variation range of grassland community biomass was 193.4 
-284.0 g/m2, the average value was 228.0 g/m2, and the coefficient of variation was 13.7%. 
Compared with no fertilization, the aboveground biomass of grassland community under 7 micro 
terrain conditions increased significantly after applying nitrogen and nitrogen phosphorus coupling 
addition treatment, and the community biomass after nitrogen and phosphorus coupling addition 
treatment increased more than that after applying N fertilizer alone. At the same time, the analysis of 
variance showed that there was significant difference between aboveground plants before and after 
fertilization in the upper part of sunny slope and shady slope (P < 0.05). The variation range of 
underground biomass of grassland community under different micro topography is 581.1-1042.4 
g/m2, the average value is 731.8 g/m2, and the coefficient of variation is 22.4%; The variation range 
of underground biomass was 527.0 -721.4 g/m2, the average value was 642.6 g/m2, and the 
coefficient of variation was 10.0%; The variation range of underground biomass of grassland 
community after nitrogen and phosphorus coupling addition treatment was 548.8-966.4 g/m2, the 
average value was 669.4 g/m2, and the coefficient of variation was 21.4%. It can be seen that under 
different micro terrain conditions, the underground biomass of grassland community shows a 
different response law to fertilization treatment from the aboveground biomass. Except that the 
underground biomass of grassland community in the upper and middle of shady slope shows an 
upward trend after fertilization treatment, the underground biomass of most of the remaining micro 
terrain shows a downward trend after fertilization treatment. The degree of decline of underground 
biomass after two fertilization treatments was different in different micro topography. The analysis 
of variance showed that there was significant difference in underground biomass before and after 
fertilization only in the middle, upper part of sunny slope and lower part of shady slope (P < 0.05). 

3.1 Response of Biomass Distribution to Nitrogen and Phosphorus 

In the Loess Hilly and gully region, plant growth is obviously limited by water. In order to obtain 
more water, most of the plant roots are deeply distributed, mainly concentrated in the 0-50 cm soil 
layer. From the distribution characteristics of root biomass (Fig. 1), it can be seen that the 
underground biomass gradually decreases with the increase of soil depth. In this study, the 0 ~ 50 cm 
underground biomass of the control plot grassland community under 7 micro terrain conditions 
accounted for 60.8%, 62.3%, 68.0%, 67.8%, 62.6%, 65.9% and 61.8% of the total underground 
biomass. After nitrogen treatment, except that the upper part of the sunny slope and the top of the 
slope decreased slightly, the biomass of 0 ~ 50cm under other micro terrain increased, but did not 
reach a significant level (P > 0.05). After the coupled addition of nitrogen and phosphorus, the 0 ~ 
50cm underground biomass of grassland community decreased at the top of slope, the upper part of 
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shady slope and the middle part of shady slope, and the rest increased slightly, but did not reach a 
significant level (P > 0.05). In addition, 50-80cm and 80-100cm soil layers have less root distribution 
and are not sensitive to fertilization measures. In general, the two fertilization treatments had no 
significant effect on the vertical distribution pattern of plant roots in grassland community under 
micro terrain in loess hilly area. 
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Fig. 1 Distribution of underground biomass in various micro-topography under different 
fertilization treatment 

 

As the result of the comprehensive action of various environmental factors, the dynamic change of 
biomass is usually closely related to environmental factors such as hydrothermal factors and soil 
nutrient status. As important micro topographic factors in loess hilly region, slope direction and slope 
position affect the structure and composition of grassland community. This study shows that the 
change trend of aboveground and underground biomass of the group under micro terrain is basically 
the same from the lower part of the sunny slope to the lower part of the shady slope. Both are the 
smallest at the top of the slope and the largest at the lower part of the shady slope. The biomass shows 
a "V" trend with the change of cross-section micro terrain. The aboveground and underground 
biomass of grassland community is the smallest at the top of the slope, which is mainly due to the 
thin soil humus layer at the top of the slope and the great interference by human activities, which 
restricts the growth and development of vegetation. Slope position usually affects the spatial 
redistribution of soil nutrients and water resources, so that soil nutrients and water are mostly enriched 
in the lower part of the slope, resulting in lower community biomass at the top and upper part of the 
slope than in the middle and lower part of the slope. The aboveground biomass of grassland 
community showed an increasing trend after two fertilization treatments under each micro terrain 
gradient, but most of them did not reach significant difference compared with the control; And the 
increasing trend of community biomass of nitrogen and phosphorus coupling addition is greater than 
that of single nitrogen addition, indicating that the grassland ecosystem in this area may be 
significantly limited by N and P. However, under the seven micro topographic gradients, the 
underground biomass of grassland community shows a downward trend for the two fertilization 
measures as a whole (except the upper part of shady slope and the middle part of shady slope). This 
is mainly because with the addition of N and P, the root nutrient absorption capacity of perennial 
dominant herbs dominated by persistent roots on the slope is gradually surplus, and more resources 
are allocated to the aboveground part, Plants gradually transform from competition for underground 
nutrients to competition for aboveground light resources, so that plants can obtain more light 
resources. Müller and others also believe that when the nutrient conditions are good, the community 
plants tend to invest more biomass in the growth of aboveground parts, and when the nutrient 
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conditions are poor, they tend to allocate it to underground parts to promote root growth, so as to 
improve the utilization rate of nutrient resources in adverse habitats. 

4. Summary 

The results of this study show that under different micro terrain conditions, the average values of leaf 
N, P and N/P of the control quadrat grassland community are 24.8, 1.61 g/kg and 16.8 respectively, 
which is basically consistent with the research results of Zheng Shuxia et al. on the content of plant 
leaf N, P and N/P (24.1, 1.6 g/kg and 15.1) in the Loess Plateau. After the two fertilization treatments, 
the leaf N content of grassland community under different micro terrain increased, and the leaf P 
content increased on the sunny slope compared with that before fertilization, but the change trend of 
leaf P content after fertilization on the shady slope was more complex, which may be because the 
dominant species of sunny grassland community are mainly Gramineae, and the shady slope is mainly 
Compositae. It is found that compositae plants are more sensitive to P, while Gramineae plants are 
more sensitive to n, so the P content of group deciduous leaves after nitrogen application on shady 
slope is lower than that without fertilization. 
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