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Abstract
As population increases and economic develop, people put forward higher request for food and healthy. To meet 
increasing demand, much of the original vegetation has become artificial vegetation, such as farmland, plantations, 
fruits, crops and grasses, especially in China. A lot of exotic food plant was introduced to produce more plant products 
and service. However, as crop plant grows, some plants resources relationship may change from equilibrium state to 
non-equilibrium state, leading to land degradation, decline of vegetation and the decline of plant yield and quality, 
and another plants waste resources. To solve this problem, saskatoon berries, red plum apricot and corn planted in 
semi-arid region of the Loess Plateau of China were taken as examples to study the plant resources relationship and 
the method of Agriculture High-quality production. The results shows that some plant such as Saskatoon berries will 
grow well and fruit, but another plant such as red plum apricot and corn cannot grow well and fruit. To realize the 
sustainable utilization of resources and the crop high-quality production, we should select better plants species or 
variety, take suitable initial planting density and take effective measures to ensure plant growth well in the process of 
production. If the plant density is more than the vegetation carrying capacity in the critical period of plant resources 
relation regulation, the vegetation carrying capacity in the key period of plant resources relationship regulation must be 
applied to adjust the plant resources relationship to obtain the maximum yield and benefit and realize crop high quality 
development. 

Keywords: Plant Production and Service, High Quality Production, Sustainable Supply, Resources Utilization Limit by Food Plant, 
Vegetation Carrying Capacity, Food Security, Agricultural High-Quality Development

1. Introduction
Agricultural development has gone through a long process. There 
are different concepts of agriculture, such as ecological agriculture, 
organic agriculture, smart agriculture and data agriculture and so 
on [1-5]. Now, Agricultural development into the new stage of 
high-quality development [6].   

Plant-based human food products are considered be more 
sustainable than animal-derived products [7]. Photosynthesis is 
the process by which green plants, including algae, take in light 
energy and turn carbon dioxide and water into energy-rich organic 
matter while releasing oxygen. It mainly includes two stages 
of light reaction and dark reaction, involving light absorption, 
electron transfer, photophosphorylation, carbon assimilation and 
other important reaction steps, which is of great significance for 
realizing energy conversion in nature and maintaining carbon-

oxygen balance in the atmosphere. Food plants produce food 
and so on and provide a guarantee for people's health, life and 
development because sometime food, fruits and vegetables were 
negatively associated with the incidence of colon cancer and 
positively related with health [8]. For example, Citrus fruits are 
important health promoting fruits rich in bioactive components like 
limonoids, hesperetin, naringenin and citrus pectin. The anticancer 
properties were correlate with antioxidant enzyme rejuvenation, 
signaling pathway inhibition, inflammatory mediator suppression 
and cell cycle arrest [9]. Citrus fruits (CFs) containing flavanones 
exerted their antioxidant activity mainly by directly scavenging 
free radicals and enhancing the defense ability of cells [10]. 
Grains and cereals are primary energy resources for human beings. 
Certain grains and cereals showed protective effects against 
colon cancer cells. Millet is an important cereal food and exhibits 
multiple biological activities, including immunomodulatory and 
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antioxidant activities. A novel protein extracted from foxtail millet 
bran displayed anti-carcinogenic characteristics [11]. In addition, 
millet branderived bound polyphenols showed anti-inflammatory 
effects in LPS-induced HT-29 colon cancer cells via ROS/miR-
149/Akt/NF-κB signaling pathway, indicating that the polyphenols 
might inhibit the initiation and progression of colorectal cancer 
[12].

With the increase of population and economic development of a 
country or a region, people consume more and more plant-based 
food, there is an increasing demand for the quantity and variety 
of plant-based food production, but original forest ecosystem 
products and services cannot meet the need of demand for the 
quantity and variety of plant-based food production, most of the 
original forest has become food plants, farmland, man-made forest 

and grass [13]. A lot of exotic food plant was introduced to produce 
food and meet the need of the people. Because exotic food plant 
changes the plant resources relationship and the climate change 
with year and month in a year, which will cause vegetation decline 
or resources waste, and is not good for sustainable use of nature 
resources and high-quality produce of food plant. In order to solve 
these problems, the plant resources relationship has to be regulated 
to carrying out sustainable use of nature resources and agriculture 
high quality development.

2. Method and Material
Study site
The study site located in the Shanghuang Eco-experimental 
Station, which belong to the semi-arid region of the Loess Plateau, 
in the Eastern 20 Km from Guyuan County, China, see figure.1.

Figure 1: The Location of Shanghuang Eco-Experiment Station in China

The area located in a hilly loess region with an elevation range 
of 1,534 to 1,824 m and slope gradients of about 8˚ and the slope 
gradients below the valley shoulder line is more than 25˚. The 
main soil type is Huangmian soil ,Calcaric Cambisol (FAO 1988) 
that is developed from loess and is susceptible to soil and water 
losses, which are serious in this region. The rainfall is unevenly 
distributed in the year with a mean annual precipitation of 416 
mm, and rainfall from June to September accounts for 64.7 % 
of the total annual precipitation. The coefficient of variation of 
precipitation among the years from 1983 to 2001 was 23.8% and 
rainfall amounts ranged from 259.9 mm in 1991 to 634.7 mm 
in 1984, with a median rainfall amount of 434 mm, see figure.2 
and figure. 3. Mean solar radiation is 5, 342 MJ m2; annual 

average temperature is 7.0˚C. Plant growing period is 152 days. 
Groundwater level is more than 60 meters [13]. Low temperature, 
frost and drought are the main disaster weather which influence 
sustainable produce of red plum apricot. Since red plum apricot 
introduced in 1988 from Shaanxi province to the Shanghuang Eco-
experimental Station, see figure.1 and figure.4.

Because the precipitation is less with big seasonal and interannual 
variations, soil dry often happens in the dry years, which will cause 
soil degradation, vegetation decline and corn failure, or waste of 
soil water resources because planting density is smaller than soil 
water carrying capacity for vegetation in wet years.

Figure 2: The Change of Average Monthly Precipitation with Month in a Year in the Shanghuang Eco-Experimental Station
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Figure 3: Change of Precipitation with Year in the Shanghuang Eco-Experimental Station

Amelanchier alnifolia Nutt (common names: Saskatoon berry) is 
a pome fruit-bearing shrub native to the North American prairies  
[14]. First, it is transferred to plant in Liaoning, China in 1997and 
then be introduced to plant in Guyuan, China in 2008 because 
Saskatoon berries fruit are good sources of many bioactive phenolic 
components, such as flavonols, anthocyanins, procyanidins, and 

phenolic acids. As much as 382 mg/100 g based on fresh weight 
of anthocyanins, Anthocyanin- and flavonoid-rich foods have been 
demonstrated to have a beneficial protective function in combating 
certain cancers, inflammation and cardiovascular diseases, type II 
diabetes, obesity, and age-related macular degeneration, see figure 
4.

Figure 4: Saskatoon Berries Grow Well in the Shanghuang Eco-Experimental Station

Red plum apricot tree is a fruit tree and grows well. The shape of 
red plum apricot fruit is about round and looks beautiful, see figure 
2. The fruit weight of red plum apricot per single fruit weight is 
about 40 -56 g. The apricot is rich in juice, soluble solids content 
(14.3%), potassium (410.8 mg per 100 g), selenium and Vc (8.3 

mg per 100 g). The potassium content of red plum apricot is higher 
than that of apple (Malus pumila Mill), pear (Pyrus bretschneideri 
Rehd), peach (Amygdalus persica L) and grape (Vitis vinifera L), 
see figure.5.
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Figure 5: The Shape of Red Plum Apricot in the Shanghuang Eco-Experimental Station

Corn is a native to Central and South America and now It is now 
grown all over the world. Corn contains rich vitamin, which are 
five times more vitamin for rice, wheat, which has the highest 
percentage of the content of vitamin A, every one hundred grams 
63 micrograms of content, and the researchers point out that 
vitamin A is very beneficial to people's eyes. A nutritional factor, 
corn, with its powerful antioxidant to protect vision effect, and 
absorb harmful to the eyes of the useless components. Corn prevent 
obesity and constipation corn contains rich plant cellulose is not 
easy to be absorbed by the body, it can stimulate gastrointestinal 
peristalsis, promote fecal excretion. Corn can restrict the absorption 
of excessive sugar in the body, inhibit the increase of blood sugar 
in the body after dinner; Fiber can also inhibit fat absorption. 
Corn can help people prevent obesity, but also can help people 
lose weight, to achieve the effect of beauty and thin body. One of 
the nutrients in corn is niacin, which plays an important role in 
the metabolism of fat and sugar and helps us maintain a healthy 
digestive system and healthy skin. Corn can prevent heart disease 
and cancer in the corn in addition to contain carbohydrates, carotene 
these common elements, it also contains vitamins and riboflavin, 
and nutritional factors contained in the corn, absorbed by the body 
and then transformed into has anti-cancer effects of vitamin, corn 
and rich plant fiber, it can make effective discharge carcinogens 
and other poisons, it also has the effect of stimulating the brain to 
enhance one's brain power and memory. In addition, selenium and 
magnesium contained in corn also have good anti-cancer effects. 
They can accelerate the decomposition of peroxides in the body, 
which can inhibit the growth and division of cancer cells, so that 
cancer cells are inhibited, and can also promote the discharge 
of waste in the body, which is also good for cancer prevention, 
see figure.6.the soil water and plant growth was investigated and 
analyzed.

3. Result and Discussion
3.1 Resources Use Limit by Plants
Because Nature Resources is limit, the amount plant use resources 
also are limit, the limit calls the resources use limit by plants. It 
includes the space Resources use limit by plants in soil water and 
nutrient enough regions, soil water Resources use limit by plants 
in water limited regions and soil nutrient Resources use limit by 
plants in soil nutrient limited regions  [15.16]. One of the indicators 
to express the harmony degree of plant resources relationship is 
the resources use limit by plants. The plant resources relationship 
is the dynamics relationship. Plant growth changes greatly with 
the supply of resources as plant grow. There is an equilibrium 
point. At the equilibrium point, the supply of resources is equal 
to the demand of resources plant grow. The supply of resources is 
more than the demand of plant growth resources in resources rich 
period or year. According to the amplitude of the plant resources 
relationship, edible plants can be divided into two types: native 
plants and exotic plants. Because goods and services that native 
plant production cannot meet the peoples need, so most of old-
growth vegetation was changed into man-made vegetation, edible 
plan belongs to exotic plants 

Exotic plants are those plants they are introduced from other places 
whether intentionally or introduced nointentionally. The intentional 
is often called introduction but introduced nointentionally called 
invasive species. Because some exotic plants have good ability 
to adapt themselves to the local environment, these plants do not 
need to regulate edible plant and resources relationship, such as 
Amelanchier alnifolia Nutt planted in the semiarid loess hilly 
region of China. Red plum apricot and corn all is not native to the 
semiarid loess hilly region of China. After being introducing to 
the semiarid loess hilly region of China, the Amelanchier alnifolia 
plant grow fast and well and fast bear fruit. But, Corn in the 
semiarid loess hilly region of China (Guyuan, China) cannot adapt 
themselves to the dry environment. In the study site, corn should 
be sowed in April and mature in September. The plant resources 
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relationship should be regulated according to resources use limit 
by plant and vegetation carry capacity. For example, the resources 
use limit by plants in the Shanghuang Eco-experimental Station 
is soil water resources use limit by plant because the station 
belong to water-limited regions. The soil water resources use limit 
by plant is soil water storage in the maximum infiltration depth 
when the soil moisture content of all layers within the maximum 

infiltration depth range is equal to the withering coefficient  [17-
20]. The Use Limit of Soil Water Resources by red plum apricot 
see Table 1. When soil water resources in the maximum infiltration 
depth is equal to soil water resources use limit by plant, the plant 
water relationship enters the key period of plant water relationship 
regulation and should consider be regulated.

Soil depth
(cm)

Representative
 soil 
layer（cm）

Wilting
 coefficient
（%）

Unavailable 
soil water 
storage 
(mm)

0 0-10 7.98 7.98
20 10-30 7.48 14.96
40 30-60 7.59 22.77
80 60-100 7.72 30.88
120 100-140 6.68 26.72
160 140-180 7.51 30.04
200 180-220 7.41 29.64
240 220-290 7.10 49.70
Use Limit of 
Soil Water 
Resources by 
plants

0-290 212.7

Table 1: The Use Limit of Soil Water Resources by Red Plum Apricot

3.2 Vegetation Carrying Capacity
Carrying capacity of land resources for Vegetation is a measure 
of whether a plant community is using land resources sustainably 
and healthy growth. Nature Resources is limit to plant and the 
resources plant use also is limit. Another indicator to express 
the harmony degree of plant resources relationship is vegetation 
carrying capacity, which decided the quantity of plant resources 
relationship regulation. Vegetation carrying capacity is the ability 
of land resources to support vegetation, which can be defined as the 
maximum density (relative index) or population number (absolute 
index) of an indicator plant that land resources can support normal 
plant growth in a plant community.

Vegetation Carrying Capacity is the maximum density (relative 
index) or population size (absolute index) of an indicator plant 
in a plant community when the soil water consumption equal 
soil water supply in the root zone soil over a given time scale, 
especially critical period of plant-water relationship regulation and 
minimum death days because they decide the maximum yield and 
beneficial effect. The plant resources relation has to be regulated 
on Vegetation Carrying Capacity. The plant water relation has 
to be regulated on the Soil Water Vegetation Carrying Capacity 
in the site because the station belongs to water limited regions, 
otherwise, soil water drought would cause soil degradation, 
vegetation decline, or crop failure in water resources deficit year 
or waste in water resources rich years [21-25].

Because land resources can be divided into three types vegetation 
carrying capacity according to the influence of land resources 
on plant growth, vegetation carrying capacity includes spatial 
vegetation carrying capacity, soil water vegetation carrying 
capacity, and soil nutrient vegetation carrying capacity. Spatial 
vegetation carrying capacity is the ability of spatial resources to 
support vegetation in the soil water and soil nutrient rich regions. 
Soil water vegetation carrying capacity is the ability of soil water 
resources to support vegetation in the water limited region. Soil 
water resources are the water stored in the soil, especially in root 
zone and the critical period of plant water relationship regulation. 
Soil water vegetation carrying capacity is the plant density when 
soil water supply is equal to soil water consumption in given period, 
especially the key period of plant resources relationship regulation. 
Soil nutrient carrying capacity is limited by soil nutrient resources, 
and soil water carrying capacity is limited by soil water resources. 
Soil nutrient carrying capacity can be divided further into soil N 
carrying capacity, which is driven by soil N storage or resources, 
soil phosphorus (P) carrying capacity, which is driven by soil P 
storage or resources, and soil potassium (K) carrying capacity, 
which is driven by soil K storage or resources [15]. Temperature 
vegetation carrying capacity is the ability of temperature resources 
to support vegetation. 

Soil water vegetation carrying capacity is limited in water shortage 
area, which is called soil water vegetation carrying capacity [21]. 
It is the ability of soil water resources to support the vegetation 
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[13,18-22,24,26-29]. The irrigation was used to add water to meet 
the need of water plant use in water limited regions if there are 
water resources to make corn grow well in dry year to obtain 
maximum yield and beneficial result.

Soil water vegetation carrying capacity is the maximum quantity or 
plant density soil water resources per unit area can maintain healthy 
growth of indicator plants at a given period and site condition and 
can be estimated by soil water-lant density model, expressed by 
the number (absolute index) or density (relative index) of indicator 
plant in the plant community. Soil water vegetation carrying 
capacity, changing with plant species (vegetation type), time and 
location, is the theoretical basis for determining indicators and 
criteria for high quality and sustainable management of forest 
vegetation [18,19,22].

3.3 The Critical Period of Plant Resources Relationship 
Regulation
Edible plant and resources relationship can be divided into two 
kinds, one is the dynamic balance or harmony relationship such 
as native plants in original vegetation. Because the plant resources 
relationship is developed on the basis of long-term evolution and 
plant have certain self-regulation ability and can self-regulate 
the relationship with nature. Even if the ecological environment 

changes to some extent within the limit of plant use resources 
during the season growth of plants, especially in the critical period 
of plant resources relationship regulation as long as the available 
resources do not exceed the limit of the use of resources by plants, 
or the plants can adjust themselves to adapt to the changes, the 
plants will blossom and bear fruit, see figure 4. This kind of plant 
resource relationship cannot be regulated. Another is not balance 
or harmony plant resource relationship such as most of exotic 
plants, see figure 5 and figure 6. Thess kinds of plant resources 
relationship must be regulated.

The critical period of plant water relationship regulation is the 
most important period in plant growing season because it decides 
the maximum yield and benefit food plant, which range from the 
starting time soil water resources in the maximum infiltration depth 
equal soil water resources use limit by plant to the failure time to 
regulate plant water relationship on soil water vegetation carrying 
capacity [27]. The soil water resources in the critical period of 
plant water relation regulation are the soil water resources in 
the root zone at the starting time of the critical period of plant 
water relation regulation plus soil water supply from precipitation 
through canopy in the critical period of plant water relation 
regulation [19,20].

Figure 6:  Mulch and Ridge Tillage Corn Plants Wilt in Critical Period of Plant Water Relationship Regulation in the Shanghuang Eco-
Experimental Station in 2021

3.4 High Quality Development of Vegetation
In order to obtain maximum yield of food plant and realize high 
quality production of food plant and high quality and sustainable 
development of social economy, it is time to adjust plant resources 
relationship regulation on the vegetation carrying capacity in the 
critical period of plant resources relationship regulation to ensure 
plant grow well and obtain the maximum yield and benefit of 
food plant and meet sustainable supply of plant-based foods in 
market , when the resources lack duration is more than the critical 
period of plant resources relationship regulation and the preserve 
plant density in the critical period of plant resources relationship 

regulation is more than vegetation carrying capacity, the plant 
resources relationship regulation must be adjusted. 

The critical period of plant resources relationship regulation 
includes the critical period of plant space resources relationship 
regulation in soil water and soil nutrient rich regions; the critical 
period of plant water relationship regulation in soil water-limited 
regions and the critical period of plant soil nutrient relationship 
regulation in soil nutrient limited regions. The soil water vegetation 
carrying capacity in the critical period of plant water relation 
regulation, which is the ability of soil water resources in the critical 
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period of plant water relation regulation to support vegetation. The 
reducing amount of plant is equal to preserve density minus soil 
water vegetation carry capacity denoted by the number or density 
of a population of indicative plants. For example, the station 
belongs to the semi-arid Loess Hilly region, which belong to the 
water-limited regions, the limit theory of resource utilization by 
plant is the soil water resources utilization limit by plants and the 
carrying capacity of vegetation is soil water vegetation carrying 
capacity because soil water mainly come from precipitation and 
underwater is deep and there is not irrigation condition. 

According to three years study of red plum apricot from 2017 
to 2021 in the station, the factors influencing the high quality 
production of red plum apricot is the low temperature and frost 
happened in the early spring from the last ten days of March to 
the middle ten days of April, which influences the development 
of flowers, pollination and young fruit of red plum apricot, heart-
eating insects influences the young fruit development of red plum 
apricot when the young fruit of red plum apricot grows to 0.8 ~ 
1.0 cm in diameter on the around May 20, and soil dry. When the 
soil water resources in the maximum infiltration depth reduced to 
Soil Water Resources use limit by red plum apricot, the plant water 
relationship should be considered regulate [30-35]. When the leaf 
amount is more than the suitable leaf amount when present density 
is equal to soil water vegetation carrying capacity in the critical 
period of plant water relationship regulation, showing that soil 
water severely influences plant growth. 

At this time, plant resources relation must be regulated on the 
suitable amounts of leaves, which is the amounts of leaves when 
the present density is equal to the soil water vegetation carrying 
capacity. For example, in the red plum apricot because plant water 
relation generally should be regulated by pruning some branch 
and leave quantity instead of cutting some plant and then regulate 
the fruit and leave relation because the power of leave to produce 
carbohydrate is limit [36-39].

4. Discussion
Agricultural development has gone through a long process. There 
are different concepts of agriculture, such as ecological agriculture, 
organic agriculture, smart agriculture and data agriculture and 
so on [1,2]. Organic agricultural practices respond to and offer 
alternatives to the health and environmental problems related 
to conventional technologies and practices of production and 
embrace many alternative ideals such as alternative distribution 
and retailing networks and the counter-cultural wholefoods 
movement.

Traditional agriculture is evolving into large-scale smart agriculture, 
which involves intelligent operation and maintenance systems on a 
large land scale. A significant number of wireless sensor nodes are 
used for monitoring various aspects of smart agriculture, including 
temperature, humidity, pH, etc [3-5]. According to the efficiency 
of resource utilization by plants, the agricultural development 
process can be divided into three stages: Low level development 
stage or primitive agriculture, Level improvement stage and high-

quality development new stage. 

At Low level development stage or primitive agriculture, people 
pick up wild fruits and rely on nature for a living; at the Level 
improvement stage, people select or cultivate better plant species, 
weeding, application of fertilizer and irrigation to increase food 
kinds, improving quality and amount of food. The turning point 
from the low level of development to the level of improvement 
is plant domestication and animal introduction domestication, the 
development of gathering economy to planting economy, and high-
quality development new stage. At the high-quality development 
new stage, people take effective measures to get the maximum 
yield and benefit. The turning point from the level of improvement 
to high-quality development new stage is the overapplication of 
chemical fertilizer and the overuse of pesticides in the production 
process, which is not ensure agriculture high yield and benefit but 
easily cause environment and healthy problem. 

Because the indicate plant in original vegetation is dominate 
species, especially constructive species, the uppermost dominant 
species, which is native to the local region because for a long time 
they have developed a good relationship with the local condition, 
plant resources relationship is very harmony and plant grow well 
and bear fruit but the goods and service cannot meet people’s 
need, a lot of original vegetation has been changed into non-native 
plantation such as Saskatoon berries in the semiarid region, China, 
they grow and develop well, suitable for local climate, easy to 
develop. But another plant, such as corn and red plum apricot, 
they are not suited to the local climate and need to regulate plant 
resource relationships.

So, in order to carry out sustainable use of natural resources and 
Agriculture high quality production, we have to use the natural 
resources in sustainable way. If there are plants that are overusing 
natural resources because the plant density exceeds the vegetation 
capacity or underuse natural resources, the plant resources 
relation should be regulated by the natural resources use limit 
by plants increases and vegetation carrying capacity, especially 
the vegetation carrying capacity in the critical period of plant 
resources relation regulation if the available resources decrease to 
the limit of resource utilization by plant, which is the function of 
plant species and location [18].

If available natural resources are smaller than the natural resources 
use limit by plants, the plant resources relationship enters the 
critical period of plant resources relation regulation, and the ending 
time of the critical period of plant resources relation regulation is 
the ineffective time of plant resources relation regulation. 

The vegetation carrying capacity is the ability of nature resources 
to carry vegetation, which changes with plant species, time and 
location [16,18]. We should take effective measures, such as 
weeding, fertilizing and irrigation (if having water resources) 
to ensure plant growth well in the process of production. If the 
plant density is more than the vegetation carrying capacity in the 
critical period of plant resources relation regulation, showing that 
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the plant resources relationship should be regulated, otherwise the 
further increase of natural resources used by plant will lead to the 
decline of vegetation and the decline of grain yield and quality 
[13,18-22,24,26,].

Because of the large agricultural area and the increasing population, 
which has exceeded 8 billion at present, different regions have 
different climate, see 2 and 3 and s\crops suitable for growth, so it 
is necessary to strengthen the research on high-quality agricultural 
production to meet people's needs for a better life and crop types, 
yields and quality

5. Conclusion
Agricultural development has gone through a long process. 
According to the efficiency of resource utilization by plants, 
the agricultural development process can be divided into three 
stages: Low level development stage, primitive agriculture,  At 
this development: people pick up wild fruits and rely on nature 
for a living.  Level improvement stage, the urning point: plant 
domestication and animal introduction domestication, the 
development of gathering economy to planting economy, and 
agricultural development has entered a new stage of high-quality 
development. That is to select excellent tree species or varieties, 
take appropriate initial plant density, take effective measures to 
ensure the healthy growth of plants, get the maximum yield and 
service and realize. 

If the servant plant density is more than the vegetation carrying 
capacity and the critical period of plant resource relationship 
regulation, we should regulate the plant resources relationship in 
critical period of plant resources relationship to obtain maximum 
yield and service and carry out sustainable use of resources and 
Agriculture high quality development. For economic species or 
crops, we should regulate the relationship between vegetative 
growth and reproductive growth according to Suitable leaf amount, 
the leaf amount when the plant density is equal to vegetation 
carrying capacity, and the relationship between the leaves and the 
number of fruits that meet the market demand [6].  

Because of the large population, large agricultural area and large 
quantity of crops, resources use limit by plants, vegetation carrying 
capacity, the critical period of plant resources relation regulation 
include space resources use limit by plants, space vegetation 
carrying capacity and the critical period of plant space resources 
relation regulation in soil water and soil nutrient rich regions, soil 
water resources use limit by plants, soil water vegetation carrying 
capacity and the critical period of plant water relation regulation 
in water limited regions ,and soil nutrient resources use limit by 
plants, soil nutrient vegetation carrying capacity and the critical 
period of plant soil nutrient relation regulation in water limited 
regions, vegetation carrying capacity change with time, so we 
have to needs to be strengthened the research on high-quality 
agricultural production to carry out sustainable use of soil water 
resources and agriculture high quality development and meet 
people's needs for crop types, yields and quality for a better life.

Acknowledgements
This project was supported by the National Science Foundation 
of China (Project No: 42077079,41271539，41071193) and 
Study on high quality sustainable development of soil and water 
conservation (A2180021002). We thank two anonymous reviewers 
for their helpful suggestions.

References
1.	 Li, L., Huang, X., & Yang, H. (2023). Scenario-based urban 

growth simulation by incorporating ecological-agricultural-
urban suitability into a Future Land Use Simulation model. 
Cities, 137, 104334. 

2.	 Squalli, J., & Adamkiewicz, G. (2023). The spatial distribution 
of agricultural emissions in the United States: The role of 
organic farming in mitigating climate change. Journal of 
Cleaner Production, 414, 137678.

3.	 Sharma, H., Haque, A., & Jaffery, Z. A. (2019). Maximization 
of wireless sensor network lifetime using solar energy 
harvesting for smart agriculture monitoring. Ad Hoc Networks, 
94, 101966.

4.	 Gui, Y., Wang, Y., He, S., & Yang, J. (2022). Self-powered 
smart agriculture real-time sensing device based on hybrid 
wind energy harvesting triboelectric-electromagnetic 
nanogenerator. Energy Conversion and Management, 269, 
116098. 

5.	 Selvaraj, R., Kuthadi, V. M., & Baskar, S. (2023). Sustainable 
Energy Technologies and Assessments. Smart building energy 
management and monitoring system based on artificial 
intelligence in smart city, 56.

6.	 Guo, Z. Soil water resource use limit by plants in water-
limited region.

7.	 Wehrmaker, A. M., Draijer, N., Bosch, G., & van der Goot, A. J. 
(2022). Evaluation of plant-based recipes meeting nutritional 
requirements for dog food: The effect of fractionation and 
ingredient constraints. Animal Feed Science and Technology, 
290, 115345.

8.	 Leenders, M., Siersema, P. D., Overvad, K., Tjønneland, A., 
Olsen, A., Boutron‐Ruault, M. C., ... & Bueno‐de‐Mesquita, 
H. (2015). Subtypes of fruit and vegetables, variety in 
consumption and risk of colon and rectal cancer in the E 
uropean P rospective I nvestigation into C ancer and N 
utrition. International journal of cancer, 137(11), 2705-2714. 

9.	 Kaur, J., & Kaur, G. (2015). An insight into the role of 
citrus bioactives in modulation of colon cancer. Journal of 
Functional Foods, 13, 239-261. 

10.	 Singh, B., Singh, J. P., Kaur, A., & Singh, N. (2020). Phenolic 
composition, antioxidant potential and health benefits of citrus 
peel. Food Research International, 132, 109114.

11.	 Shan, S., Li, Z., Guo, S., Li, Z., Shi, T., & Shi, J. (2014). 
A millet bran-derived peroxidase inhibits cell migration 
by antagonizing STAT3-mediated epithelial-mesenchymal 
transition in human colon cancer. Journal of Functional 
Foods, 10, 444-455.

12.	 Shi, J., Shan, S., Li, H., Song, G., & Li, Z. (2017). Anti-
inflammatory effects of millet bran derived-bound polyphenols 
in LPS-induced HT-29 cell via ROS/miR-149/Akt/NF-κB 

https://doi.org/10.1016/j.cities.2023.104334
https://doi.org/10.1016/j.cities.2023.104334
https://doi.org/10.1016/j.cities.2023.104334
https://doi.org/10.1016/j.cities.2023.104334
https://doi.org/10.1016/j.jclepro.2023.137678
https://doi.org/10.1016/j.jclepro.2023.137678
https://doi.org/10.1016/j.jclepro.2023.137678
https://doi.org/10.1016/j.jclepro.2023.137678
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.enconman.2022.116098
https://doi.org/10.1016/j.enconman.2022.116098
https://doi.org/10.1016/j.enconman.2022.116098
https://doi.org/10.1016/j.enconman.2022.116098
https://doi.org/10.1016/j.enconman.2022.116098
https://www.researchgate.net/profile/Venu-Madhav-4/publication/371140225_Sustainable_Energy_Technologies_and_Assessments_56_2023_103090_Smart_building_energy_management_and_monitoring_system_based_on_artificial_intelligence_in_smart_city/links/6475dcd659d5ad5f9c85c925/Sustainable-Energy-Technologies-and-Assessments-56-2023-103090-Smart-building-energy-management-and-monitoring-system-based-on-artificial-intelligence-in-smart-city.pdf
https://www.researchgate.net/profile/Venu-Madhav-4/publication/371140225_Sustainable_Energy_Technologies_and_Assessments_56_2023_103090_Smart_building_energy_management_and_monitoring_system_based_on_artificial_intelligence_in_smart_city/links/6475dcd659d5ad5f9c85c925/Sustainable-Energy-Technologies-and-Assessments-56-2023-103090-Smart-building-energy-management-and-monitoring-system-based-on-artificial-intelligence-in-smart-city.pdf
https://www.researchgate.net/profile/Venu-Madhav-4/publication/371140225_Sustainable_Energy_Technologies_and_Assessments_56_2023_103090_Smart_building_energy_management_and_monitoring_system_based_on_artificial_intelligence_in_smart_city/links/6475dcd659d5ad5f9c85c925/Sustainable-Energy-Technologies-and-Assessments-56-2023-103090-Smart-building-energy-management-and-monitoring-system-based-on-artificial-intelligence-in-smart-city.pdf
https://www.researchgate.net/profile/Venu-Madhav-4/publication/371140225_Sustainable_Energy_Technologies_and_Assessments_56_2023_103090_Smart_building_energy_management_and_monitoring_system_based_on_artificial_intelligence_in_smart_city/links/6475dcd659d5ad5f9c85c925/Sustainable-Energy-Technologies-and-Assessments-56-2023-103090-Smart-building-energy-management-and-monitoring-system-based-on-artificial-intelligence-in-smart-city.pdf
http://dx.doi.org/10.35534/er.0101002
http://dx.doi.org/10.35534/er.0101002
https://doi.org/10.1016/j.anifeedsci.2022.115345
https://doi.org/10.1016/j.anifeedsci.2022.115345
https://doi.org/10.1016/j.anifeedsci.2022.115345
https://doi.org/10.1016/j.anifeedsci.2022.115345
https://doi.org/10.1016/j.anifeedsci.2022.115345
https://doi.org/10.1002/ijc.29640
https://doi.org/10.1002/ijc.29640
https://doi.org/10.1002/ijc.29640
https://doi.org/10.1002/ijc.29640
https://doi.org/10.1002/ijc.29640
https://doi.org/10.1002/ijc.29640
https://doi.org/10.1016/j.jff.2014.12.043
https://doi.org/10.1016/j.jff.2014.12.043
https://doi.org/10.1016/j.jff.2014.12.043
https://doi.org/10.1016/j.foodres.2
https://doi.org/10.1016/j.foodres.2
https://doi.org/10.1016/j.foodres.2
https://doi.org/10.1016/j.jff.2014.07.005
https://doi.org/10.1016/j.jff.2014.07.005
https://doi.org/10.1016/j.jff.2014.07.005
https://doi.org/10.1016/j.jff.2014.07.005
https://doi.org/10.1016/j.jff.2014.07.005
https://doi.org/10.18632/oncotarget.20216
https://doi.org/10.18632/oncotarget.20216
https://doi.org/10.18632/oncotarget.20216


J Water Res, 2025 Volume 3 | Issue 3 | 9

signaling pathway. Oncotarget, 8(43), 74582. 
13.	 Guo, Z., & Shao, M. (2013). Impact of afforestation density 

on soil and water conservation of the semiarid Loess Plateau, 
China. Journal of Soil and water conservation, 68(5), 401-
410.

14.	 Moyo, M., Aremu, A. O., Plačková, L., Plíhalová, L., Pěnčík, 
A., Novák, O., ... & Van Staden, J. (2018). Deciphering the 
growth pattern and phytohormonal content in Saskatoon 
berry (Amelanchier alnifolia) in response to in vitro cytokinin 
application. New biotechnology, 42, 85-94. 

15.	 Guo, Z. (2019). Rice carrying capacity and sustainable 
produce of rice in resources-limited regions. International 
Journal of Agricultural Science and Food Technology, 5(1), 
54-57.

16.	 Guo, Z. (2023). Forest restoration, resources sustainable use 
and high-quality sustainable management. Glob J Ecol, 8(1), 
007-010.

17.	 Zhong-sheng, G. (2010). Soil water resource use limit in 
semi-arid loess hilly area. Yingyong Shengtai Xuebao, 21(12).

18.	 Guo, Z. S. (2014). Theory and Practice on soil water carrying 
capacity for vegetation. Chinese Science Press, 104, 216-241. 

19.	 Guo, Z. S. (2021). Soil water carrying capacity for vegetation. 
Land Degradation & Development, 32(14), 3801-3811. 

20.	 Guo, Z. (2021). Soil hydrology process and sustainable use of 
soil water resources in desert regions. Water. 2021; 13 (17): 
2377.

21.	 Guo, Z., & Shao, M. Zhang y, Wu Q (2002) An Layer-dividing 
Approach to the soil water in forest land. the Proceedings of 
Soil Physics and Ecological Environmental Construction 
edited by Shao Mingan, 74, 79.

22.	 Zhongsheng, G., & Mingan, S. (2003). Soil water carrying 
capacity of vegetation and soil desiccation in artificial forestry 
and grassland in semi-arid regions of the Loess Plateau. Acta 
Ecologica Sinica, 23(8), 1460-1647. 

23.	 Guo, Z. (2020). Estimating method of maximum infiltration 
depth and soil water supply. Scientific Reports, 10(1), 9726. 

24.	 Guo, J. Y., Li, X., Browning, J. D., MacDonald, R. S., 
Rottinghaus, G. E., Lubahn, D. B., ... & Bennink, M. (2004). 
Dietary soy isoflavones and estrone protect ovariectomized 
ERαKO and wild-type mice from carcinogen-induced colon 
cancer. The Journal of nutrition, 134(1), 179-182. 

25.	 Guo, Z. S., & Shao, M. A. (2004). Mathematical model 
for determining vegetation carrying capacity of soil water. 
Journal of Hydraulic Engineering, 10, 95-99.

26.	 Guo ZhongSheng, G. Z., & Shao Ming'an, S. M. A. (2010). 
Effect of artificial Caragana korshinskii forest on soil water in 

the semiarid area of Loess hilly region. 
27.	 Guo, Z. S., & Li, Y. L. (2009). Initiation stage to regulate the 

caragana growth and soil water in the semiarid area of Loess 
Hilly Region, China. Chin. J. Ecol, 29, 5721-5729. 

28.	 Guo, Z. (2009). Limit of vegetation rehabilitation for soil and 
water conservation in semi-arid region of Loess Plateau. Chin. 
J. Science SOIL WATER CONSERV, 7, 49-54. 

29.	 Guo ZhongSheng, G. Z. (2011). A review of soil water 
carrying capacity for vegetation in water-limited regions.

30.	 Guo, Z., & Zhang, W. (2016). Impact of initial planting density 
on soil water resource use limit by plants. Geoinformatics & 
Geostatistics: An Overview, 4(1), 1000137.

31.	 Sharma, H., Haque, A., & Jaffery, Z. A. (2019). Maximization 
of wireless sensor network lifetime using solar energy 
harvesting for smart agriculture monitoring. Ad Hoc Networks, 
94, 101966.

32.	 Abbo, S., & Gopher, A. (2020). Plant domestication in the 
Neolithic Near East: The humans-plants liaison. Quaternary 
Science Reviews, 242, 106412.

33.	 Budagovskii, A. I. (1985). Soil water resources and available 
water supply of the vegetation cover. 

34.	 Iriarte, J., Elliott, S., Maezumi, S. Y., Alves, D., Gonda, 
R., Robinson, M., ... & Handley, J. (2020). The origins of 
Amazonian landscapes: Plant cultivation, domestication and 
the spread of food production in tropical South America. 
Quaternary Science Reviews, 248, 106582.

35.	 Ko, Y. J., Jeong, J. W., Choi, Y. H., & Ryu, C. H. (2013). Soy 
soluble polysaccharide induces apoptosis in HCT 116 human 
colon cancer cells via reactive oxygen species generation. 
Molecular Medicine Reports, 8(6), 1767-1772. 

36.	 Sheflin, A. M., Borresen, E. C., Kirkwood, J. S., Boot, C. 
M., Whitney, A. K., Lu, S., ... & Weir, T. L. (2017). Dietary 
supplementation with rice bran or navy bean alters gut 
bacterial metabolism in colorectal cancer survivors. Molecular 
nutrition & food research, 61(1), 1500905. 

37.	 Signorelli, P., Fabiani, C., Brizzolari, A., Paroni, R., Casas, 
J., Fabrias, G., ... & Caretti, A. (2015). Natural grape extracts 
regulate colon cancer cells malignancy. Nutrition and Cancer, 
67(3), 494-503. 

38.	 Sung, H. Y., Lim, Y. J., & Choi, Y. S. (2006). Soy isoflavones 
do not alter the effects of fructooligosaccharide on the 
intestinal ecosystem of colon-cancer model rats. Food science 
and biotechnology, 15(6), 931-936. 

39.	 Yu, H. W., & He, W. M. (2021). Plant invaders outperform 
congeneric natives on amino acids. Basic and Applied 
Ecology, 54, 75-84.

Copyright: ©2025 Zhongsheng Guo. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://opastpublishers.com/

https://doi.org/10.18632/oncotarget.20216
https://dio:10.2489/jswc.68.5.401.
https://dio:10.2489/jswc.68.5.401.
https://dio:10.2489/jswc.68.5.401.
https://dio:10.2489/jswc.68.5.401.
https://doi.org/10.1016/j.nbt.2018.02.001
https://doi.org/10.1016/j.nbt.2018.02.001
https://doi.org/10.1016/j.nbt.2018.02.001
https://doi.org/10.1016/j.nbt.2018.02.001
https://doi.org/10.1016/j.nbt.2018.02.001
http://doi.org/10.17352/2455-815X.000042.
http://doi.org/10.17352/2455-815X.000042.
http://doi.org/10.17352/2455-815X.000042.
http://doi.org/10.17352/2455-815X.000042.
https://dx.doi.org/10.17352/gje.000075
https://dx.doi.org/10.17352/gje.000075
https://dx.doi.org/10.17352/gje.000075
https://openurl.ebsco.com/EPDB%3Agcd%3A3%3A26301683/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A63484494&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A3%3A26301683/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A63484494&crl=c&link_origin=scholar.google.com
http://www.geobooks.com.cn./
http://www.geobooks.com.cn./
https://doi.org/10.1002/ldr.3950
https://doi.org/10.1002/ldr.3950
https://doi.org/10.3390/w13172377
https://doi.org/10.3390/w13172377
https://doi.org/10.3390/w13172377
http://ir.igsnrr.ac.cn/handle/311030/4789
http://ir.igsnrr.ac.cn/handle/311030/4789
http://ir.igsnrr.ac.cn/handle/311030/4789
http://ir.igsnrr.ac.cn/handle/311030/4789
https://europepmc.org/article/cba/534650
https://europepmc.org/article/cba/534650
https://europepmc.org/article/cba/534650
https://europepmc.org/article/cba/534650
https://www.nature.com/articles/s41598-020-66859-0
https://www.nature.com/articles/s41598-020-66859-0
https://jn.nutrition.org/article/S0022-3166(23)02607-X/fulltext
https://jn.nutrition.org/article/S0022-3166(23)02607-X/fulltext
https://jn.nutrition.org/article/S0022-3166(23)02607-X/fulltext
https://jn.nutrition.org/article/S0022-3166(23)02607-X/fulltext
https://jn.nutrition.org/article/S0022-3166(23)02607-X/fulltext
F:\opast pdf\Shravani S\JWR\2025\Feb\JWR-25-27\10.3321 \j.issn: 0559-9350.2004.10.015
F:\opast pdf\Shravani S\JWR\2025\Feb\JWR-25-27\10.3321 \j.issn: 0559-9350.2004.10.015
F:\opast pdf\Shravani S\JWR\2025\Feb\JWR-25-27\10.3321 \j.issn: 0559-9350.2004.10.015
https://www.cabidigitallibrary.org/doi/full/10.5555/20113358423
https://www.cabidigitallibrary.org/doi/full/10.5555/20113358423
https://www.cabidigitallibrary.org/doi/full/10.5555/20113358423
file://C:\\Users\admin\Downloads\_.pdf
file://C:\\Users\admin\Downloads\_.pdf
file://C:\\Users\admin\Downloads\_.pdf
https://journal12.magtechjournal.com/Jweb_stbc/EN/abstract/abstract8490.shtml
https://journal12.magtechjournal.com/Jweb_stbc/EN/abstract/abstract8490.shtml
https://journal12.magtechjournal.com/Jweb_stbc/EN/abstract/abstract8490.shtml
https://www.cabidigitallibrary.org/doi/full/10.5555/20113358633
https://www.cabidigitallibrary.org/doi/full/10.5555/20113358633
http://dx.doi.org/10.4172/2327-4581.1000137
http://dx.doi.org/10.4172/2327-4581.1000137
http://dx.doi.org/10.4172/2327-4581.1000137
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.adhoc.2019.101966
https://doi.org/10.1016/j.quascirev.2020.106412
https://doi.org/10.1016/j.quascirev.2020.106412
https://doi.org/10.1016/j.quascirev.2020.106412
https://www.cabidigitallibrary.org/doi/full/10.5555/19871916301
https://www.cabidigitallibrary.org/doi/full/10.5555/19871916301
https://doi.org/10.1016/j.quascirev.2020.106582
https://doi.org/10.1016/j.quascirev.2020.106582
https://doi.org/10.1016/j.quascirev.2020.106582
https://doi.org/10.1016/j.quascirev.2020.106582
https://doi.org/10.1016/j.quascirev.2020.106582
https://doi.org/10.3892/mmr.2013.1725
https://doi.org/10.3892/mmr.2013.1725
https://doi.org/10.3892/mmr.2013.1725
https://doi.org/10.3892/mmr.2013.1725
https://doi.org/10.1002/mnfr.201500905
https://doi.org/10.1002/mnfr.201500905
https://doi.org/10.1002/mnfr.201500905
https://doi.org/10.1002/mnfr.201500905
https://doi.org/10.1002/mnfr.201500905
https://www.tandfonline.com/doi/abs/10.1080/01635581.2015.1004591
https://www.tandfonline.com/doi/abs/10.1080/01635581.2015.1004591
https://www.tandfonline.com/doi/abs/10.1080/01635581.2015.1004591
https://www.tandfonline.com/doi/abs/10.1080/01635581.2015.1004591
https://koreascience.kr/article/JAKO200609905851026.page
https://koreascience.kr/article/JAKO200609905851026.page
https://koreascience.kr/article/JAKO200609905851026.page
https://koreascience.kr/article/JAKO200609905851026.page
https://doi.org/10.1016/j.baae.2021.04.009
https://doi.org/10.1016/j.baae.2021.04.009
https://doi.org/10.1016/j.baae.2021.04.009

