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Abstract

As the economy and society develop and the population increases, there is an increasing demand for plant goods such as timber, food, medicine and so on. Because 
plant goods and services produced by original vegetation cannot meet the increasing need of people, most of the original vegetation has gradually become non-native 
vegetation, such as orchard, farmland, plantation and grass. Many exotic plant species were introduced to produce high-quality production and service. As plant grow, soil 
and vegetation degradation and crop failure will happen, which have to be resolved. According to my ten years of research, the results showed that Resources use limit by 
plants includes space resources use limit by plants, space vegetation carrying capacity and critical period of plant space relation regulation in soil water and nutrient rich 
regions, soil water resources use limit by plants, soil water vegetation carrying capacity and 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 critical period of plant nutrient relation regulation in nutrient-limited regions. When the 
available amount of nature resources reduced to resources use limit by plants, the plant resources relation enters the critical period of plant resources relation regulation. 
The ending time of the critical period of plant resources relation regulation is the ineffective time of plant resources relation regulation, such as fruit mature or stopping 
service. The methods of sustainable use of nature resources and agriculture high-quality development is to select best plant species and varieties, take suitable initial 
plant density and take effect measure to ensure plant grow well and get maximal yield and benefi cial effect. If the existing plant density is more than vegetation carrying 
capacity in the critical period of plant resources relation regulation, the plant resources relation must be regulated on the vegetation carrying capacity to ensure plant grow 
well and get maximal yield and benefi cial effect and realize sustainable use of nature resources and agriculture high quality development. 
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Introduction

Agriculture has now entered a stage of high-quality 
development. The high-quality development of agriculture is to 
take some measures and methods to make the land produce the 
maximum output and services to meet people's yearning for a 
better life and the needs of agricultural production services [1].

As economy and social develops and population increases, 
there is an increasing demand for the quantity and variety 
of plant production and service, but the plant production, 
especially food, fruit, fi ber and wood and son on produced by 
original forest ecosystem cannot meet the need of demand 
for the quantity and variety of timber, food, medicine and 

so on and ecological services, so 80% of the original forest 
in the loess plateau [2] and the world has become farmland, 
man-made forest and grass [3] and a lot of  exotic plant was 
introduced to produce more production and service. Because 
exotic plant changes the plant resources relation and the 
ability of self-regulation to adapt to climate change is very 
poor,  soil and vegetation degradation, crop failure, serious soil 
erosion, greenhouse gas emissions and other ecological and 
environmental problems happen [4]. 

In order to solve these problems of soil and vegetation 
degradation or crop failure or waste of resources and achieve 
high-quality development and meet the increasing need of 
people for plant goods and service. Years of research has shown 
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that there is a limit of plant utilization of soil water resources 
and the carrying capacity of soil water to vegetation the 
method of  high quality and sustainable management of forest 
vegetation in water shortage area in the process of vegetation 
restoration [3,5]. Based on long-term research, this study 
focuses on key theoretical concepts governing sustainable 
resource use and high-quality agricultural development. 

Resources utilization limit by plants

Nature resources are limit, so, Nature resources plant use 
in the crown and root zone is limit. The limit is resources 
Utilization limit by plants. Resources Utilization limit by plants 
includes space resource utilization limit by plants in soil water 
and nutrient rich regions; soil water resources utilization limit 
by plants in water limited regions in water limited regions 
and soil nutrient resources utilization limit by plants in soil 
nutrient limited regions. For example, in water-limited 
regions, along with plant growth, plant height diameter and 
canopy volume increase, and roots develop deep and soil water 
resources in the root zone reduced but available soil water 
resources in the crown and root zone are declined. In order to 
obtain maximum yield and benefi cial result and carry out high 
quality development, even the root distribution depth is more 
than the maximum infi ltration depth, plant roots do not absorb 
water indefi nitely due to lack of water such as in semiarid loess 
hilly region (Guyuan, China) The precipitation changes with 
year and month, as shown in Figure 1 [2,3,6]. There should be a 
control limit for the utilization of soil water resources 

By plants in water-scarce areas, that is, the soil water 
resources use limit by plants [7] It is the soil water storage 
when the soil water content is equal to the wilting coeffi cient 
in the range of  the maximum infi ltration depth. The wilting 
coeffi cient  at different soil depth in  the maximum infi ltration 
depth can be determined by centrifugal machine or press fi lm. 
The undisturbed soil at different soil depth in a soil profi le was 
taken by a cutting ring with a 5 cm high and 5cm diameter. 
The  maximum infi ltration depth can be estimated by the two 

curves method [8,9]. The wilting coeffi cient is expressed by the 
wilting coeffi cient of indicating plants in a plant community. 
The indicator plants of natural vegetation are the constructive 
species, and the artifi cial vegetation is the target species. 
When the soil water resources decrease to the utilization limit 
of soil water resources, the plant-water relationship enters 
the starting time of  critical period of plant-water relationship 
regulation [10]. At this time, the regulation of plant-water 
relationship should be considered to be regulated. The initial 
planting density infl uences the soil water resource use limit 
by plants [11].

Vegetation carrying capacity 

 Vegetation carrying capacity is the ability of nature 
resources to support vegetation which is limit. Vegetation 
carrying capacity includes space vegetation carrying capacity 
in soil water and nutrient rich regions, soil water vegetation 
carrying capacity in water limited regions and soil nutrient 
vegetation carrying capacity in nutrient limited regions. The 
v egetation carrying capacity in water shortage area is the soil 
water vegetation carrying capacity, which is the ability of soil 
water resources to support vegetation a nd limited. The soil 
water vegetation carrying capacity refers to  the maximum 
quantity per unit area of s oil water resources that can maintain 
healthy growth of indicator plants at a given period, especially 
the critical period of plant water relation regulation and site 
condition [1,3,8,12,13] and can be estimated by soil water-
plant density model [3,8], expressed by the number of plant 
population (absolute index) or plant density (relative index) 
(Figure 2). 

Of indicator plant population in the plant community. Soil 
water vegetation carrying capacity (SWVCC), changing with 
plant species (vegetation type), time or position, time climate 
change, especially the critical period of p lant water relationship 
regulation, which is the theoretical basis for determining 
indicators and criteria for forest resources use degree and high 
quality and sustainable management of forest vegetation [3,8]. 

Critical period of plant- r esources rela-
tionship regulation

A s plant grow, plant- resources relationship changes 
with time. When the available sources plant use n crown or 
root is equal to the resource’s utilization limit by plants, the 
plant- resources relationship enters the Critical period of 
plant- resources relationship regulation. The ending time of 
the Critical period of plant- resources relationship regulation 
is fruit mature or stopping service. The Critical period of plant- 
resources relationship regulation includes critical period of 
plant- resources relationship regulation in soil water and 
nutrient rich regions, Critical period of plant- water relationship 
regulation in water limited regions and Critical period of plant- 
resources relationship regulation in soil nutrient limited 
regions. For example, in semiarid regions, as plant grow, the 
available resources amount in the maximum infi ltration depth 
will also decrease, even though the soil water resources will 
increase after the rain. When the available resources amount in 
the maximum infi ltration depth is equal to soil water resource 

 

Figure 1: The precipitation changes with year and month in semiarid loess hilly 
region.
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use limit by plants, the plant water relationship enters th e 
critical period of pl ant water relationship regulation and the 
ending time of the critical period of plant water relationship 
regulation is the ineffective. For example, the fruit ripens or 
the plant service stops. If the present plant density is more than 
soil water vegetation carrying capacity in the critical period of 
plant water relationship regulation, plant water relationship 
regulation has to be regulated. Plant–water relationships can 
be regulated by different methods such as cultivating and 
sel ecting better plant species and varieties [5], soil preparation 
such as thi n fi lm cover and ridge tillage in the semiarid loess 
hilly region (Guyuan, China) and pruning some leave and trig 
and so on, but the most important method is to regulate the 
plant-water relationship by reducing plant density in the 
critical period of plant-water relationship regulation. 

P la nt- resources relationship in the growing season can be 
divided into different stages according to res ources use limit 
by plants such as soi l water resources use limit by plants in 
the water-limited regions. If the available resources in the 
canopy are smaller resources use limit by plants or soil water 
resources in the range of the maximum infi ltration depth is 
smaller than soil water resources use limit by plants, showing 
resources such as soil water resources enough and plant grow 
healthily. If not, more attention should be paid to the plant-
water relationship regulation. 

Th e cr itical period of plant- resources relationship 
regulation refers to the time that the resources cannot 
maintain the plant growth healthy when the resources descend 
to the utilization limit of resources by plants such as soil water 
res ources within the range of the  maximum infi ltration depth, 
it not only affects plant growth condition but also determines 
the maximum yield and benefi t in the growing season in 
the water-limited regions. The  cr itical period of plant water 
relationship regulation is the period from the starting time soil 
water resources reduced to the limit of soil water resources 
utilization by plants to the  ending time pla nt water relationship 
regulation is failure. The ending time of critical period of plant 
water relationship regulation can be estimate by the thinning 
plant method. The ending time of critical period of plant water 
relationship regulation such as stopping expanding red plum 
apricot in Jul.15 and stopping serving of caragana shrub in the 
end of Sept.in semiarid loess hilly region. Sowing seeds in a 
plot with a maximum plant density and ensure the maximum 
experimental plant density equals to or more than soil water 
carrying capacity for vegetation. 

High quality development of agriculture

Firstly, the better plant species and varieties have to 
be selected according to site condition and cultivation goal 
[1,5], such as red plum apricot, see fi gure 3 and then suitable 
initial planting density has to be taken, see fi gure 2. Figure 
2 demonstrates the fl owering and fruiting performance of 
red plum apricot under specifi c planting densities, providing 
visual evidence of how appropriate initial density contributes 
to optimal growth and yield in semiarid regions. The initially 
planting density is more than vegetation carrying capacity such 
as soil water vegetation carrying capacity in water-limited 
regions. If the existing plant density is more than soi l water 
carrying capacity for vegetation in the critical period of pla nt-
water relationship regulation, showing plant overuse soil water 
and plant density exceeds soil water carrying capacity, which 
will cause soil degradation, vegetation decline, fruit and crop 
failure if plant-water relationship should not be regulated. At 
this stage, we should regulate the pl ant-water relationship 
by red ucing the  plant density. The reducing amount of plant 
density is equal to the different between the existing plant 
density and soil water carrying capacity for vegetation. When 
the soil water resources decrease to the utilization limit of soil 
water resources by plants in the range of maximum infi ltration 
depth, pl ant-water relationship enters the  critical period of 
plant-water relationship regulation. The relationship between 
root distribution depth and maximum infi ltration depth in 
semiarid regions is illustrated in Figure 4. If the existing plant 
density is more than soil water carrying capacity for vegetation 
in the critical period of plant-water relationship regulation, 
plant-water relationship should be regulated by estimating the 
soil water carrying capacity for vegetation in the critical period 
of pla nt-water relationship regulation, and the maximum yield 
and benefi t of non-commercial forest and grass can be obtained 
by determining and controlling the pla nt-water relationship 

Figure 2: The fl ower and fruit of red plum apricot in the semiarid loes hilly region 
(left photo is fl ower in May and Right photo is fruit in July) 

 

 

 

Figure 3: Change of precipitation with month (photo above) and year (photo below) 
in semiarid loess hilly region (Guyuan. China).
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according to the soil water vegetation carrying capacity in 
the critical period of plant-water relationship regulation. The 
high-quality development can be achieved in water-limited 
regions [1,14,15-29] (Figures 5,6).

Conclusion

The  most important work of forest restoration is the pla nt-
resources relationship regulation in the process of vegetation 
according to the cultivated goal, especially plant-res ources 
relationship regulation in the critical period of plant- resources 
relationship regulation because it determines the maximum 
yield and benefi t of a population or plant community. The 

foundation of plant-res ources relationship regulation is 
resources use limit by plants. When resources amount in 
crown or root zone reduced to utilization limit of resources by 
plants, such as the soil water res ources within the range of 
the maximum infi ltration depth descend to the uti lization limit 
of soil water resources, pla nt- resources relationship enters 
the critical period of plant- resources relationship regulation 
in which the resources severe infl uence the plant growth and 
decides the maximum yield and ecological, economic and social 
benefi ts. At this time, the plant resources relationship should 
be regulated to obtain the maximum yield and benefi t and 
carry out sustainable use of nature resources and agriculture 
high quality development.
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