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Abstract: Ecological stoichiometry is the integration of the basic principles of biology, chemistry and physics, and the study 
of the quantitative relationship of chemical elements in the ecological process. It organically combines the theories of various 
studies in ecology, provides a method to study the econometric relations and laws in the chemical cycle and process of elements, 
and mainly emphasizes the stoichiometric characteristics of elements. By sorting out the existing research, we can provide a 
direction for the follow-up research. 

 

1. Introduction 
Yan 'an gully land reclamation is a new gully land 

reclamation mode aiming at the special geomorphology in the 
hilly and gully region of the Loess Plateau, which uses 
modern engineering means to quickly cover gully land and 
build comprehensive construction of fields, DAMS, canals, 
roads and forests, and is the integration and innovation of land 
reclamation projects and water and soil conservation 
backbone projects. While effectively reducing flow and 
sediment and conserving soil and water, gully treatment and 
land reclamation plays an important role in changing soil 
nutrients and promoting soil nutrient cycling. It has been 
widely applied in gully areas of the Loess Plateau, and studies 
have shown that gully treatment and land reclamation also 
have a certain impact on soil organic matter and soil corrosion 
resistance. It plays an important role in realizing efficient 
utilization of soil and water resources in loess gully and 
ecological governance of small watershed, and is a systematic 
project to improve farmland, protect ecology and benefit 
people's livelihood.  

2. Ecological Stoichiometric Concepts 
Stoichiometry, a branch of science first described by 

Richter in 1972, deals with the qualitative aspects of material 
changes and chemical characteristics. It emphasizes the 
relationship between chemical composition and structure of 
substances. For example, calculations such as mass and 
percentage of chemical reactions. Sterner and Elser(2002) 
pointed out that, from the stoichiometric perspective, an 
organism is just like a whole and dynamic macromolecule, 
which carries out chemical recombination all the time within 
and between different molecules. In this case, every organism 
can be reduced briefly to a stoichiometric composition. The 
ecological environment is also composed of chemical 
substances, so the interaction between various components 
must involve the reorganization of chemical elements. 
Therefore, there is also a stoichiometric law in ecology, and 
the transfer and reorganization of chemical elements in the 

interaction process between organisms in nature also follows 
the law of conservation of mass. Thus, in order to view nature 
as a unified part, the term "ecological stoichiometry" is 
introduced, which can also be called "stoichiometry". 
Ecology chemometrics integrates biology, physics and 
chemistry, including the basic principles of ecology and 
stoichiometry, as well as the principles of biological evolution 
(Michaels 2003). It is a study of the influence of the constant 
relationship between elements on the relationship between 
components of a system. It is also the study of the constant 
relationship of energy between the components of an 
ecosystem and the mutual balance between different chemical 
elements (mainly C, N, P). Ecology chemometrics acts as a 
medium through which research at different levels in nature 
can be unified. 

At present, there are two important theories in 
chemometrics in Ecology: dynamic equilibrium theory and 
growth rate theory. In the process of continuous evolution, the 
nutrient element composition of normal organisms is 
basically stable, forming a relatively stable homeostasis 
mechanism, that is, organisms maintain their own chemical 
composition in response to changes in the external 
environment. The ability to maintain a relatively stable range. 
Even though the environment is constantly changing, the 
composition of the organism will remain the same. 

The phenomenon of maintaining stability within a given 
range and not being very different from environmental 
conditions is called "dynamic equilibrium". From the 
perspective of ecological stoichiometry, the element 
composition ratio of organisms is maintained within a specific 
range and is dynamic and stable, and the change of any 
element will have a certain impact on the original ratio, 
resulting in the change of the original ratio. In the process of 
evolution, an organism will inevitably be affected by different 
degrees of external environment. For example, changes in 
biological, climatic and geological conditions will have 
different degrees of influence on it, and the ratio of elements 
of an organism will change in different degrees due to these 
factors. Therefore, The theory of Ecology chemometrics can 
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correlate the change of organic element ratio with the 
evolution of organisms, and determine the evolution of 
organisms by the change of organic element ratio. In addition, 
during the growth process of organisms, when they constantly 
exchange material information with the external environment, 
they will consume and discharge elements with different 
ratios to the original elements in the environment, thus 
causing the change of the ratio of elements in the external 
environment of organisms. Thus, there is a profound feedback 
mechanism between the ratio of elements in an organism and 
the ratio of elements in its environment. The two interact with 
each other, and if their stoichiometric ratios are out of 
harmony, they may affect the behavior of populations. 

3. Advances in Ecological 
Stoichiometry at Home and Abroad 

In 1958, A.Redfield of Harvard University investigated the 
content of carbon, nitrogen and phosphorus in Marine animals, 
plants and microorganisms, and found for the first time that 
there was a certain ratio of carbon, nitrogen and phosphorus 
in aquatic animals and microorganisms, that is, the mol ratio 
was a specific value, which was later called Redfield ratio. He 
points out that the rate is not set in stone, but is influenced by 
the interaction between the organisms in the community and 
environmental conditions. This discovery was of great 
significance and paved the way for the development of the 
subject thereafter. Reiners (1968) made a breakthrough in 
associating stoichiometry with research in ecology on the 
basis of others' theories, and he also discovered ecological 
models based on the basis of stoichiometry. Elser proposed in 
1988 that, since the difference in the composition of 
organisms or biological partial entities (e.g., molecules, 
organelles, cells, and organisms) is related to their related 
functions, the key point of the application of stoichiometric 
theory in ecology is to realize that an organism or biological 
partial entity (e.g. Molecules, organelles, cells, organisms, 
etc.) to distinguish them clearly. In 2004, Eeology journal set 
up the section of ecological stoichiometry, which is dedicated 
to reporting the research progress and scientific achievements 
of ecological stoichiometry, such as the relationship between 
growth rate and RNA concentration, and the relationship 
between C, N and P content, etc. The development of 
ecological stoichiometry was mainly focused on aquatic 
ecosystems at the beginning. Comparatively speaking, the 
research of ecological stoichiometry on terrestrial ecosystems 
started later than that of aquatic ecosystems, but it has made 
great progress in the past decade. Reich and Oleksyn(2004) 
analyzed 5,087 observed data of 1,280 species of plants from 
452 sites around the world, and explored the distribution 
pattern of N and P content in plant leaves and the following 
values: The correlation between P ratio and variability on a 
large scale of geographic location, climate temperature, or 
other geographic environmental factors. The research results 
showed that with the decrease of latitude and the increase of 
annual mean temperature, the contents of N and P in plant 
leaves tended to decrease gradually, while the N: P ratio 
tended to increase gradually. Therefore, they proposed the 
temperature-plant physiology hypothesis, temperature-
biogeochemical hypothesis and soil substrate age hypothesis. 
Although our study in ecological stoichiometry started late, 
but because of our country's vast territory, vast territory, rich 
biological resources, climate and geographical environment 
complex and diverse, in the study of ecological stoichiometry 

has the advantaged advantage, is the ideal state for the study 
of ecological stoichiometry, so the domestic study in this 
aspect of the late start, but rapid development. At present, 
most domestic researches on ecological stoichiometry focus 
on plant leaves, which not only involve different community 
types and different succession stages, but also include 
different artificial intervention methods. Among them, 
researches on stoichiometric characteristics of N, P and N: P 
ratio in plant leaves are the most extensive. However, at 
present, there are few studies on coupling comparison 
between above-ground and subsurface parts of plants and 
ecological stoichiometric ratios in soil at different growth 
stages. 

4. Ecological Stoichiometry of Soil 
Soil, as an important part of terrestrial ecosystem, is an 

important place for material and energy exchange in 
terrestrial ecosystem. Soil is the material basis which has 
great influence and significance on the growth process of 
plants. As the most important source of plant growth and 
nutrient elements (C, N, P, K, etc.), soil nutrient content ratio 
changes and distribution rules will have a huge impact on the 
whole ecosystem. The changes of soil nutrient status directly 
affect the available nutrient content of plants, and vegetation 
restoration plays a positive role in improving the physical and 
chemical properties of soil. Lower soil nutrient availability 
usually results in changes in nitrogen and phosphorus content 
and photosynthetic capacity of plant leaves. Soil C: N: P ratio 
is the ratio of carbon to nitrogen and phosphorus in organic 
matter or other components. It is an important index of the 
composition and quality of soil organic matter, and the main 
index reflecting the carbon, nitrogen and phosphorus cycle in 
soil. 

Ecological stoichiometry is a new direction in the field of 
soil chemistry and a new way to study the interaction of soil 
ecosystem and the cycling of carbon, nitrogen and 
phosphorus. Its application in the research of soil nutrient 
cycling and limiting effects has attracted a lot of attention. 
Wardle et al. (2004) found that in most long-term 
observational studies, as the age of soil substrate increases, 
the N: P ratio of fresh litter and humus will increase, so that 
similar forest degradation will occur in forest ecosystems 
from tropical to temperate zones, leading to a decrease in soil 
phosphorus availability. Some domestic experts and scholars 
on soil ecological stoichiometry (He Jinsheng et al. 2010; Wu 
Jianping, 2016; Zhang Haidong et al., 2016), studies on soil 
ecological stoichiometric characteristics of reclaimed 
vegetation woodland in the loess hilly region have been 
reported (Chen Yanan et al., 2014; Yang Jiajia et al. 2014), but 
mainly focused on differences in soil nutrient content or 
reserves and microbial biomass in different latitudes (Zhang 
Xiangru et al. 2013), different vegetation types (Zhu Qiulian 
et al. 2013), and comparison of soil microbial biomass in 
different vegetation types (Wu Jianping et al. 2013). Due to 
the influence of soil formation factors such as climate, 
landform, vegetation, age, soil animals and human activities 
on the total amount of soil carbon, nitrogen and phosphorus, 
the spatial variability of soil C: N: P ratio is large. 

5. Ecological Stoichiometry of Plants 
The content of phytochemical elements not only reflects 

the ability of plants to absorb and store mineral nutrients from 
soil under certain habitat conditions, but also reflects the 
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stoichiometric ratio characteristics of plants themselves in 
terrestrial ecosystems. The growth and development of plants 
are produced by photosynthesis of leaves, which are valuable 
organs for C-cycle and important nutrient storage in forest 
ecosystem. Roots are the main underground biomass, which 
is an important organ for plants to absorb water, carbon 
dioxide and inorganic salts from the soil. It is important to 
study the nutrient content and stoichiometric characteristics 
of leaves and roots for plant growth. 

As essential mineral nutrients for plant growth and 
common limiting elements in ecosystem, carbon, nitrogen 
and phosphorus are functionally related in plants and have 
important interactions among them. There have been a lot of 
studies on the characteristics of plant ecological 
stoichiometry abroad, although the domestic research started 
late but developed rapidly. Ecological stoichiometry focuses 
on the relationship between the ratio of nitrogen and 
phosphorus in plants, because the relatively constant N: P 
ratio in terrestrial plant organs is an important adaptation 
mechanism for plant survival on Earth. Therefore, plant N: P 
ratio can be used as a breakthrough point to study the 
relationship between plant ecological stoichiometry, 
environmental change and ecosystem stability. C: N and C: P 
of plant leaves mean the ratio relationship between C(biomass) 
and nutrient, which can be simply understood as the 
productivity per unit nutrient, i.e Nutrient use efficiency. 
Grace's (1997) study on tropical plants showed that N: P was 
positively correlated with growth rate at low growth rate. At 
high growth rate, N: P is negatively correlated with growth 
rate. Domestic and foreign scholars have conducted extensive 
studies on the stoichiometric characteristics of plant leaves in 
different forest types, regions and succession stages (Agren 
and Weih 2012, Mcgroddy et al. 2004; Yan Enrong et al. 2008; 
Yu et al.2010). Among them, studies on the stoichiometric 
characteristics of N, P and N: P in plant leaves are the most 
extensive, including the seasonal changes of ecological 
stoichiometric characteristics of plant leaves, as well as the 
correlation of stoichiometric characteristics between plant 
leaves and different organs of fine roots. Han et al. (2005) 
studied leaf nitrogen and phosphorus of 753 terrestrial plants 
in China. Compared with the global P content, the P content 
of Chinese plants is relatively low, which may lead to higher 
leaf N: P than the global average level. 

6. Discussion 
Soil is a necessary environment for plant growth, and soil 

nutrients directly determine plant growth environment. The 
analysis of the balance of carbon, nitrogen and phosphorus 
elements in the newly built soil in the Loess Plateau is 
beneficial to the regulation of plant and soil nutrient 
composition, and promote the stability of the ecosystem. The 
analysis of soil ecological stoichiometric characteristics is of 
great significance for understanding and mastering the 
nutrient cycling process, feedback regulation mechanism and 
response mechanism to external disturbances in the 
ecosystem. 

Gully treatment and land construction dramatically 
changed the topography and geomorphology of the small 
watershed in a short time, and significantly changed the 
hydrological and material cycling conditions of the watershed. 
Therefore, the study of the relationship between the physical 
and chemical properties of the soil in the new structure and 
the influence of vegetated soil interaction on the physical and 
chemical properties of the soil is helpful to provide references 

for the improvement of soil quality in the new cultivated land 
and the construction of high-standard farmland. 

Acknowledgment 
This research was funded and supported by the Internal 

Scientific Research Projects of Shaanxi Provincial Land 
Engineering Construction Group (No.DJNY2022-25). 

References 
[1] Zhao Guangju. Evolution of soil erosion environment and 

historical changes of water and sediment in Yellow River in 
Loess Plateau and countermeasures [J]. Bulletin of Soil and 
Water Conservation, 2017,37(02):351. 

[2] He Chunxiong. Current situation, characteristics and functions 
of Zhigou land reclamation project in Yan 'an [J]. Journal of 
Earth Environment, 2015, 6(4):255-260. 

[3] Liu Zhe, Gao Xiao, Wang Huanyuan. Effect of land 
reclamation Project on soil quality and soil structure in Yan 'an: 
A case study of Yangwan Ditch Reclamation Project in 
Nanniwan Town [J]. Western Development (Land 
Development Engineering Research), 2019, 4(02): 34-38. 

[4] Dong Qiguang, Wang Huanyuan, Luo Lintao. Distribution 
characteristics of soil nutrients in Zhigou farmland on the Loess 
Plateau [J]. Western Development (Land Development 
Engineering Research), 2019, 4(08): 59-63. 

[5] He J, Han X. Ecological stoichiometry:searching for unifying 
principles from individuals to ecosystems[J].Chinese Journal 
of Plant Ecology,2010,34(1):2-6. 

[6] Wang Shaoqiang, Yu Guirui. Ecological stoichiometric 
characteristics of carbon, nitrogen and phosphorus elements in 
ecosystem [J]. Acta Ecologica Sinica, 2008, 28 (8) : 3937-3947. 

[7] Reich PB, Oleksyn J. Global patterns of plant leaf N and P in 
relation to temperature andlatitude [J]. Proceedings of the 
National Academy of Sciences, 2004, 101(30):11001-11006. 

[8] He J-S, Fang J, Wang Z, et al. Stoichiometry and large-scale 
patterns of leaf carbon andnitrogen in the grassland biomes of 
China [J]. Oecologia, 2006, 149(1): 115-122. 

[9] Tan Mingliang, Duan Zhenghu, Chen Xiaohong. Study on the 
evolution of soil properties during the restoration of shifting 
sand [J]. Chinese Journal of Applied & Environmental Biology, 
2017, 23 (3):555-559. (in Chinese) 

[10] Chu Qinghe, Pan Genxing, Li Dianyou, et al. Study on the ratio 
of nitrogen to phosphorus and the maximum fertilizer 
application rate of maize under the condition of phosphorus and 
nitrogen [J]. Acta Peologica Sinica, 2007, 44 (6):1083-1089. 

[11] Zhang Guangshuai, Deng Haojun, Du Kun, et al. 
Stoichiometric characteristics of soil at different elevations in 
mountainous area with frequent debris flow: A case study of 
Xiaoruo Basin, Yunnan Province [J]. Acta Ecologica Sinica, 
2016, 36(3): 675-687. 

[12] Chambers P A, Kalff J. Light and nutrients in the control of 
aquatic plant community structure. I. In situ 
ecperiments[J].The Journal of Ecology,1987,75(3):611-619. 

[13] Chen L F, He Z B, Du J, Yang J J, Zhu X. 2016. Patterns and 
environmental controls of soil organic carbon and total 
nitrogen in alpine ecosystems of northwestern China. Catena, 
137: 37-43. 

[14] Cordell S, Goldstein G, Meinzer F C, Vitousek P M. 2001. 
Morphological and physiological adjustment to N and P 
fertilization in nutrient-limited Metrosideros polymorpha 
canopy trees in Hawaii. Tree Physiology, 21(1): 43-50. 



 

251 

[15] Elser J J, Elser M M, Mackay N A, Carpenter S R. 1988. 
Zooplankton-Mediated Transitions Between N and P-Limited 
Algal Growth. Limnology & Oceanography, 33(1): 1-14. 

[16] Elser J J, Dobberfuhl D R, Mackay N A, Schampel J H. 1996. 
Organism Size, Life History, and N:P Stoichiometry Toward a 
unified view of cellular and ecosystem processes. Bioscience, 
46(9): 674-84. 

[17] Elser J J, Sterner R W, Gorokhova E, Fagan W F, Markow T 
A, Cotner J B, Harrison J F, Hobbie S E, Odell G M, Weider L 
J. 2000a. Biological stoichiometry from genes to ecosystems. 
Ecology Letters, 3(6): 540-550. 

[18] Elser J J. 2000b. Nutritional constraints in terrestrial and 
freshwater food webs. Nature, 408(6812): 578. 

[19] Elser J J, Fagan W F, Denno R F, Dobberfuhl D R, Folarin A, 
Huberty A, Interlandi S, Kilham S S, Cauley E M, Schulz K L, 
Siemann E H, Sterner R W. 2000c. Nutritional constraints in 
terrestrial and Fresh water food webs. Nature, 408(6812): 578-
580. 

[20] Grace J. 1997. Toward Models of Resource Allocation by 
Plants[M]// Plant Resource Allocation.:279-291. 

[21] Han W X, Fang J Y, Guo D, Zhang Y. 2005. Leaf Nitrogen and 
Phosphorus Stoichiometry across 753  

[22] Terrestrial Plant Species in China. New Phytologist, 168(2): 
377–385. 

[23] He J S, Fang J Y, Wang Z H, Guo D L, Flynn D F B, Geng Z. 
2006. Stoichiometry and large-scale patterns of leaf carbon and 

nitrogen in the grassland biomes of China. Oecologia, 149(1): 
115-122. 

[24] Hessen D O, Ågren G I, Anderson T R, Elser J J, Ruiter P C D. 
2008. CARBON SEQUESTRATION IN ECOSYSTEMS: 
THE ROLE OF STOICHIOMETRY. Ecology, 85(5): 1179-
1192. 

[25] Hobbie S E, Gough L. 2002. Foliar and soil nutrients in tundra 
on glacial landscapes of contrasting ages in northern Alaska. 
Oecologia, 131(3): 453-462. 

[26] HuangC Y. 2000. Pedology. Beijing: Chinese Agricultural 
Press. Jarvis N J. 2010. A review of non‐equilibrium water flow 
and solute transport in soil macropores: principles, controlling 
factors and consequences for water quality. European Journal 
of Soil Science, 58(58): 523-546. 

[27] Jones H E, Quarmby C, Harrison A F. 1991. A root bioassay 
test for nitrogen deficiency in forest trees. Forest Ecology & 
Management, 42(3–4): 267-282. 

[28] Jury W A, Gardner W R, Gardner W H. 1991. Soil 
physics.[M]// Soil physics. John Wiley. Koerselman W. 1996. 
The Vegetation N: P Ratio: a New Tool to Detect the Nature of 
Nutrient Limitation. Journal of Applied Ecology, 33(6): 1441-
1450. 

[29] Niklas K J, Owens T, Reich P B, Cobb E D. 2005. 
Nitrogen/phosphorus leaf stoichiometry and the scaling of 
plant growth. Ecology Letters, 8(6): 636–642. 

 


