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Abstract

Since 1950, long-term and large-scale vegetation afforestation has been carried out on the Loess Plateau, China. As plants grow, the plant resources
relationship changes, which leads to soil and vegetation degradation, and crops fail because of vegetation overload or waste of natural resources due to
low vegetation load, which is not good for the sustainable utilization of soil water resources and agricultural high-quality in water scarcity areas. To solve
these problems, the concept of soil water vegetation carrying capacity occurred. After a couple of years of research, the result showed that it is the ability
of soil water resources to support vegetation, changing with vegetation type, time, and locations, expressed by the number of plant population or plant
density of the indicator plant in a plant population or community. The indicator plant is a constructive species for natural vegetation and a goal or cultivated
species for artificial vegetation. The soil water vegetation carrying capacity is the most important theory for sustainable utilization of soil water resources
and high-quality development in water scarcity areas. Now, the research on soil water vegetation carrying capacity should be strengthened to estimate soil
water vegetation carrying capacity in different vegetation types and location and regulate the plant water resources in the critical periods of plant water
relationship regulation to achieve sustainable utilization of soil water resources and agriculture high-quality development and meet the people's yearning
for a better life and the needs of agricultural high-quality production and increase new quality productivity. Keywords: Water scarcity areas; Soil Water
resources; Soil water vegetation carrying capacity; sustainable utilization of soil water resources; agricultural high-quality development.
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Introduction

Since 1950, large-scale afforestation has been carried
out in the Loess Plateau, especially the construction of the
"Three North" shelterbelt system, which began in 1978. As
plants grow in the forest, the plant resources relationship
changes from an equilibrium relation between plant growth
and resource use to a non-equilibrium relation, which will
lead to soil degradation and crop failure because plant density
is more than the Vegetation Carrying Capacity, or waste of
natural resources because plant density is smaller than the
Vegetation Carrying Capacity.

Soil water resources are the water stored in the soil
coming from precipitation and irrigation. Vegetation is the
total of the plant population and community in a region or
country. The Soil Water Vegetation Carrying Capacity is the
ability of Soil Water resources to support vegetation. The
theory of Soil water vegetation carrying capacity is the most
important theory for sustainable utilization of soil water
resources and high-quality sustainable development in water
scarcity areas. The concept of Soil water vegetation carrying
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capacity firstappeared in 2000, and now, soil water vegetation
carrying capacity has been developed into the theory of soil
water vegetation carrying capacity, which is important for
sustainable utilization of soil water resources and high-
quality development in water scarcity areas. The purpose of
the paper is to introduce the theory of soil water vegetation
carrying capacity and promote high-quality development.

Research method

One day in 2000, when the author first talked with my
colleague, he found that there were some questions about the
expression of the limit of vegetation restoration, and then he
proposed the term soil water vegetation carrying capacity
in 2000 [1]. Because soil water vegetation carrying capacity
is the most important for vegetation restoration, he have
established different plant density plot of caragana in adult
and young caragana shrub in the semi-arrid loess hilly region
and investigate the precipitation, runoff, soil water content
and plant growth [2-4], and then analyzed the relationships
between plant density and soil water supply and consumption
and finish the theory of soil water vegetation carrying capacity
[5,6]. The detail is as follows:
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The main estimation equation.
Canopy interception
Ci=P-P1-Sf

Here, Ci is the canopy interception in a period, especially
in the critical periods of plant water relationship regulation
in mm. P is the precipitation outside the forest in a period,
especially in the critical periods of plant water relationship
regulation in mm, and P1 is the precipitation inside the forest
in a period, especially in the critical periods of plant water
relationship regulation in mm. Sf is the Stem flow in a period,
especially in the critical periods of plant water relationship
regulation in mm.

The critical period for the regulation of the plant-water
relationship refers to the time from when the effective
soil water resources in the root zone equal the limit of the
plant's utilization of soil water to the end of the failure of the
regulation of the plant-water relationship. For instance, in the
semi-arid loess hilly areas of China, the service of the water
and soil caragana shrub is suspended at the end of September,
or the fruits of the red plum and apricot ripen on July 15 [7-9].

Soil water supply (SWS)
SWS = P1-runoff-soil evaporation

Here, SWS is the soil water supply in a period, especially
in the critical periods of plant water relationship regulation in
mm. Ci is the canopy interception in a period, especially in the
critical periods of plant water relationship regulation, in mm.
P1 is the precipitation inside the forest in a period, especially
in the critical periods of plant water relationship regulation
in mm.

Soil water Consumption (SWC)
SWC = W2-W1+ SWS

Here, SWS is the soil water supply in a period, especially
in the critical periods of plant water relationship regulation
in mm.

Results

Development of vegetation carrying capacity

The research on soil water vegetation carrying capacity
has gone through a long time, which can be divided into
three stages: the Preparatory phase of soil water vegetation
carrying capacity, the occurrence of Soil Water Vegetation
Carrying Capacity, the establishment of the theory of soil
water vegetation carrying capacity, and the practice of soil
water vegetation carrying capacity. Expressed by the number
of the plant population or the plant density of an indicator
plant in a plant population or community. The indicator a
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plant is a constructive species for natural vegetation, and a
goal or cultivated species.

Preparatory phase of soil water vegetation carrying
capacity: The term carrying capacity has come from the
doctrine of Thomas Robert Malthus, who considered that
society could increase agricultural production only at an
arithmetic rate, but the number of people to be fed increased
at a geometric rate.

Therefore, to some degree, the population was likely to
exceed food supplies, with calamitous results [10].

The concept of carrying capacity was first used by range
managers [11] and U.S. Department of Agriculture researchers.
After Verhust proposed logistic equations in 1838, Eugene
Odum equated the term carrying capacity with the constant K
in logistic equations, see equation 1:

dN K - N(t)
E:rN(t)x( v Jt>0 (1)
The Logistic equation is obtained by integrating equation 1
K
T (2)

Where N(t) is the density at time t, the population per unit
area at time t, r is the intrinsic growth rate, r > 0, and K is an
asymptote (the carrying capacity) with K > 0.

Vegetation carrying capacity

The concept of vegetation carrying capacity was first
proposed by Guo in 2000 [1] to solve the serious drying of soil.
Serious drying of soil eventually results in soil degradation,
vegetation decline, and agricultural failure. Vegetation
carrying capacity can be defined as the ability of land or
natural resources to support vegetation.

Vegetation includes different plant populations or
communities, and plant communities consist of different plant
species within a region or a country.

Some plant communities are formed by a single plant
species, called a plant population, and others are formed by
many plant species that live together and form the community
to use space (solar energy and temperature), soil water, or soil
nutrient and so on. Soil nutrient includes soil nitrogen, soil
potassium, soil phosphorus, and so on. So, Vegetation carrying
capacity includes space vegetation carrying capacity, which is
the carrying capacity of land or space resources for vegetation
in soil water and nutrient rich regions; soil water vegetation
carrying capacity (SWVCC), which is the carrying capacity
of soil water resources for vegetation, and soil nutrient
vegetation carrying capacity (SNVCC), which is the carrying
capacity of soil nutrient resources for vegetation. SNVCC can
be subdivided into soil nitrogen, potassium, phosphorus,
vegetation carrying capacity, and so on.
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Verhulst developed a general equation for population
growth in 1838.

Odum related the carrying capacity and the asymptotic
K value. Asymptotes of the logistic equation in 1953 [11].
Prof. Su put forward the optimal litter amount on the floor
of an artificial forest in 1988 [12]. According to the optimal
litter amount, Guo put forward the optimal cutting rate for
headwater conservation forest, which showed that in the
cultivation process of artificial forest, the plant growth and
resources relation should be regulated according to the
Vegetation Carrying Capacity [1].

The occurrence of soil water vegetation carrying
capacity: With the increase in population and economic
and social development, there is an increasing demand for
the quantity and variety of forest ecosystem products and
services, but the land ecosystem products and services
produced by the original Vegetation cannot meet the need. To
solve these questions and meet these demands, Most of the
original vegetation all over the world has become plantation,
grassland, crop and orchard, especially on the Loess Plateau,
China.

Since 1950, afforestation has been carried out in the Loess
Plateau, especially the construction of the "Three North"
shelterbelt system, which began in 1978. As plants grow in
the forest, the plant resources relationship changed from
an equilibrium relation between plant growth and resource
use to a non-equilibrium relation, which will lead to soil and
vegetation degradation and crop failure because of overload.
When plant density is more than vegetation carry capacity,
it is a waste of natural resources because of low load; plant
density is smaller than vegetation carry capacity [2,3,5,9,13-
15].

In the 1960s, the underlying desiccated soil layer was
discovered successively in semi-arid farmland, such as in
the eastern Weibei Plateau of Shaanxi Province, artificial
grassland in the sub-humid area of Guanzhong plain, and
Ziwuling forest area in the sub-humid area of Longdong in the
eastern part of Gansu, China. This phenomenon attracted the
attention of many scholars [16] and so on.

In 1968, dozens of scientists, educators, economist and
otherscholars from around the world metin Rome and founded
the Club OF Rome. The goal of its work is to focus on, explore,
and study the common problems faced by mankind, so that the
international community can have a deeper understanding
of the plight of mankind, including social, economic, and
environmental problems, and put forward new attitudes, new
policies, and new systems that should be adopted to reverse
the unfavorable situation. Commissioned by the Club and
led by Dennis L. Meadows of the Massachusetts Institute of
Technology, the group rethought the long-prevailing Western
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theory of high growth and submitted its 1972 "Limits to
Growth" study, which profoundly clarified the importance of
the environment and the fundamental link between resources
and population, and showing that natural resources is limit,
such as soil and water resources in water-limited regions. So
itis necessary to regulate the plant water relations at the right
time to reduce the number of plants in plantations, grass, and
crops in water-limited regions. The Soil Water Vegetation
Carrying Capacity is the theoretical foundation for forest,
grass, agriculture, and soil and water conservation high-
quality development in water-limited regions [9,13-19].

To solve the soil degradation, vegetation decline, and
crop failure or waste of nature resources and realize the
sustainable utilization of soil water resources and the
agricultural high quality development, Guo put forward the
concept of Soil Water Vegetation Carrying Capacity in 2000
[1]. After that, Guo defined the Soil Water Vegetation Carrying
Capacity [2] and put forward the estimating method of Soil
Water Vegetation Carrying Capacity [3] and the initial stage to
regulate plant growth and the soil water [8] and establish the
theory of Soil Water Vegetation Carrying Capacity (SWVCC).

Development of soil water vegetation carrying capacity

Soil Water Vegetation Carrying Capacity is the ability
of soil water resources to support vegetation. Now, the Soil
Water Vegetation Carrying Capacity has become the most
important theory of sustainable use of soil water resources
and agriculture high-quality development in water - limited
regions. Vegetation includes different plant population
plant communities, expressed by the number of plant
populations or plant density of the indicator plant unit area
in a plant population or community. The indicator plant
is a construction species in a plant community for natural
vegetation or cultivated plant species. Soil Water Vegetation
Carrying Capacity is the most important theory. There are
some estimating methods of SWVCC, but the best mode
of Estimation methods of Soil Water Vegetation Carrying
Capacity is the classical Carrying Capacity equation [11] and
the model of plant density-soil water (Figure 1) [5,13,14,17-
19].

100
= 80 f
60t . .
<5}
£ a0 ¢ )
= + Soil water supply
S 020 r . .

« Soil water consumption
0 1 L 1
0 20 40 60 80 100

plant density (brush/100 n’)

Figure 1: The relationship between Soil water supply and consumer with plant
density and the cross of them, Soil Water Vegetation Carrying Capacity.
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The Soil Water Vegetation Carrying Capacity for the
16-year-old caragana shrub in the semiarid loess hilly region
of China is 72 clumps per 100 m? [5,13,14].

Use of soil water vegetation carrying capacity

If you have the data of available soil water resources, soil
water supply and soil water consumer in a giving vegetation
type, especially the critical period of plant water relation
regulation and location, the Soil Water Vegetation Carrying
Capacity in a giving vegetation type, the critical period of plant
water relation regulation and location and the model of plant
water relation is as followings [3,5,13,14]:

SWVCC = SWR/SWR1 (1)

Here, SWVCC is Soil Water Vegetation Carrying Capacity
in a plant population or community, a period, especially the
critical period of plant water relation regulation and location.
SWR is the sum of soil water resources per unit area in the
same period, especially the critical period of plant water
relation regulation, and the same location in mm. SWR1 is the
consumption per plant per day in the same period, especially
the critical period of plant water relation regulation, and at
the same location.

If you have the data of available soil water supply and
the soil water consumption in different plants density of a
vegetation type in a given time, especially the critical period
of plant water relation regulation and location, the soil water
-plant density model can be expressed by the following
equation.

SWS=a +bx (2)
SWC=A+bx+cx* (3)

Here, SWS is the soil water supply in mm, and SWC is the
soil water consumption unit area in mm. The positive root
of the set equation (2) and (3) is the Soil Water Vegetation
Carrying Capacity (Figure 1). The SWVCC is the function of
plant type, time and location because soil water mainly from
precipitation and precipitation changes with season and
years [5,12-14,20] (Figure 1). Because the plant species root
distribute is deep and more than maximum infiltration depth,
and some effective measure such as Mulch and ridge tillage
cannot ensure corn normal growth, so we must regulate the
plant water relation and get cultivated goal in semiarid loess
hilly region, China. Soil Water Vegetation Carrying Capacity
is the theoretical foundation of sustainable use of soil water
resources and high-quality development of forest, grass, crop,
and soil and water conservation in water-limited regions [13-
15,17,18].

The maximum infiltration depth (MID) is 290 cm in the
semiarid loess hilly regions. Mulch and ridge tillage cannot
ensure corn's normal growth and obtain the maximum yield
and benefit in the semiarid loess hilly region, China (Figure 2).
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Figure 2: The above and the underground production relation of the Robinia (Robinia
Pseudoacacia L.) in a semiarid loess hilly region.

Soil water vegetation carrying capacity in the future

Since 2017, China first put forward the concept of
high-quality development. As a main part of high-quality
development, agricultural development has entered a high-
quality development. Thetheoretical foundation ofhigh-quality
agricultural development is the theory of natural resources by
plants, the theory of vegetation carrying capacity, and the key
period of plant resources relation regulation. The theoretical
foundation of high-quality agricultural development in the
water-limited regions is soil water resources use limit by
plants, soil water vegetation carrying capacity, and the key
period of plant water relation regulation. The ending time of
the key period of plant resources relationship regulation is the
invalid time of plant-resources relationship regulation. When
the soil water resources reach the maximum infiltration depth
to soil water use, the plant water relation regulation enters
a key period of plant water relation regulation. If the plant
density in the key period of plant water relation regulation
is more than the soil water vegetation carrying capacity, the
existing plant water relation regulation must be regulated to
obtain the maximum yield and benefit [13-15,17,18].

Because thereishugeland area in the water-limited regions
and there are a lot of vegetation types and site condition and
the climate change, and different plant species have different
need for site conditions in the water-limited regions, we have
to establish the demonstration zone of agriculture high-quality
development to estimate the soil water vegetation carrying
capacity, especially the soil water vegetation carrying capacity
in the critical period of plant water relationship regulation, and
then take effective measures or methods to ensure plant grow
well and get the cultivated goal, the maximum yield and effect
to meet the people's yearning for a better life and healthy and
the need of quality agricultural produce and healthy [21-23].
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