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The Qaidam Basin has an arid plateau continental climate, with climatic factors strongly
influencing agricultural production potential. In the present study, the agro-ecological zone
method was applied to study the effects of rainfall, temperature and soil on crop yield, with
climatic factors as the main common influencer. By assessing the land production
potential, suitable zones for grain production were identified in the Qaidam Basin, and
the reasonable current input level was determined, thus, evaluating the population carrying
capacity. Strategies for improving crop productivity in these regions were proposed to
provide a basis for decision-making by the local government. The results showed that: 1)
The photosynthetic and light-temperature production potential was high in Mangya city
and the autonomous region; however, the climate production potential was low in Golmud
city and the eastern part of Mangya city. After correction based on soil availability, the land
production potentials of spring wheat and highland barley were greatly attenuated, and
only 15.85 and 16.74% of the photosynthetic production potential, respectively. 2) The
current population carrying capacity of the land resources is 595,900 people, whichis in a
state of human—food balance when the correction coefficient of artificial input is
approximately 1.1. If the artificial input can be strengthened to achieve a correction
coefficient of 1.2, the population carrying capacity could reach 676,100 people. 3) The
suitable area for agricultural production was mainly located in the northeast and west of the
Qaidam Basin. These areas can be used as a backup arable land resource. The
temperature increase leading to evaporation increase negatively affected the yield per
unit area of grain crops in Qaidam Basin. Strengthening water-saving irrigation technology
and improving the utilisation rate of chemical fertilisers are good enhancement strategies
for the green-oriented agricultural technology system, which would help improve the
agricultural productivity potential in the Qaidam Basin.

Keywords: agro-ecological zone method, qaidam basin, land production potential, agricultural production potential,
population carrying capacity, enhancement strategy
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INTRODUCTION

China is a populous country with a per capita land area lower
than the world average. It is currently facing severe problems such
as high population growth, a sharp decline in arable land area and
scarcity of fresh water resources (Yang and Wang, 2015). Food
security is an important foundation for economic development,
social stability and national security. Over the past 40 years,
climate change has had very different impacts on the northern
and southern wheat-producing regions of China. Low-
temperature frost damage inhibits the increase in wheat yield
during winter in the northern wheat region, and climate warming
causes a decline in the potential wheat yield in southern China
(Zhang et al., 2015). Due to global warming, the potential yield of
rice in most regions of China has demonstrated a decreasing
trend, and the rice-growing area has shifted northward (Yin,
2017). In previous literature, appropriate adaptation strategies
and measures have been found to mitigate the negative impacts of
climate change and significantly increase crop yields (Reid et al.,
2007). For example, Easterling et al. (2003) proposed and tested a
new approach to simulate the agronomic adaptation of farmers to
climate change based on a technological innovation/substitution
model improving crop yields. The challenges posed by climate
change to food security require unprecedented efforts and the
ability to simulate and predict the interactions between crop
growth dynamics and environmental and crop management
(Brown and Funk, 2008). The crop production potential of an
area is the highest theoretical yield that a crop can achieve under
ideal conditions (Wang X. et al, 2015). Evaluating crop
production potential started with the study of photosynthetic
production potential, and in the early 1920s, researchers began to
use quantum efficiency theory to study photosynthetic processes,
arguing that the magnitude of crop production potential
ultimately depends on light and light energy utilisation (Wang
X. et al, 2012). After the 1960s, the photosynthetic production
potential was revised by considering factors such as temperature,
precipitation and soil parameters. These models can be divided
into two main categories: process-based crop growth dynamics
and agro-ecological productivity models (Tian et al, 2012).
Process-based crop models, such as the decision-support
system for agro-technology transfer model, simulate processes
that occur during the crop growth cycle after parameter
calibration using multi-year site-level observations (Zhan et al.,
2014). Such models simulate dynamic biophysiological processes
occurring during the crop growth cycle in a day-by-day stepwise
manner and have been applied to assess crop yield responses to
climate change, crop varieties and management (Huang et al,
2009; Xiong et al., 2009). However, the accuracy of such models is
influenced by different parameters. Even if the model simulation
parameters have been determined, the model performance can be
severely affected by altered sowing dates and seasonal changes
(Wang J. et al., 2012). Furthermore, parameters often vary over
large areas within the same region, and it is almost impossible for
researchers to fully understand the variation among parameters;
therefore, the model often produces problematic results when
used for crop simulations over large areas (Butt et al., 2005; Zhan
etal,, 2014). In contrast, agro-ecological productivity models such
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as the agro-ecological zone (AEZ) model use simple and reliable
crop models involving standardised calculations to derive crop
production potential by determining the limitations imposed by
climatic factors on crops (Fischer et al., 2012).

Currently, the AEZ method is the most widely used model for
assessing agricultural production potential worldwide (Sun et al.,
2020). The AEZ model was developed jointly by the Food and
Agriculture Organization of the United Nations and the
International Institute for Applied Systems Analysis to
calculate suitable growing areas and potential crop yields
(Zhao et al, 2015). This standardised crop model and
environmental matching procedure uses economic zones and
is well suited for crop productivity assessment at regional,
national and global scales (Masutomi et al., 2009). The AEZ
method operates on the principle of logical partitioning based on
the distribution of soil, topography and climate, where the natural
production potential of land within the zone is similar (Tong
et al., 2018). The AEZ model considers factors affecting crop
yields such as light, temperature, water and soil, and the
reproductive period length and water requirements of each
reproductive stage for different crops, and adjusts the
parameters based on the characteristics of the crops so that
the estimation results are closer to reality (Wang X. et al,
2012). The basic data from the AEZ model are easy to obtain
and convenient to calculate. Therefore, its robustness, ease of use
and accurate reflection of regional crop production potential
status have led to its high popularity. The AEZ model is
widely used to evaluate the grain production potential (Xie
et al, 2004) and dynamic assessment of grain production
capacity (Zhan et al, 2013), and has been applied in
approximately 35% of agricultural production potential
assessments in China (Wang X. et al., 2015). In the present
study, the parameter selection process depended on previous
experience (Jiang, 2008) and focused on analysing the influence of
the parameters to guide parameter tuning, resulting in improved
accuracy.

The Qaidam Basin is located in the northeastern part of the
Qinghai-Tibet Plateau, and is one of the three major inland basins
in China. The basin has a plateau continental climate, and the
total annual solar radiation is 686.64-741.06 kJ/cm?, second only
to central and southwestern Tibet, and much higher than areas in
eastern China at the same latitude. As such, this area is one of the
most radiation-rich regions in China. The annual sunshine hours
exceed 3000 h, the highest in the country, providing sufficient
light for the photosynthesis of crops (Wang et al., 2017). The
main crops are spring wheat, rape, barley, potatoes, beans and
wolfberries (Wang et al., 2019). The area produces the highest
wheat yield in the country (Zhang et al, 2008). The superior
climatic conditions provide favourable and reliable conditions for
the development of agriculture, which is particularly important in
this critical agricultural and livestock production base in Qinghai
Province that assures food security in northwest China (Wang
et al,, 2019; Wang et al., 2020). The Qaidam Basin is located in a
climate change-sensitive area of the Tibetan Plateau (Li et al,
2015). It has an arid plateau continental climate, with annual
precipitation decreasing from 200 mm in the southeast to 15 mm
in the northwest, and an average annual relative humidity of
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FIGURE 1 | Schematic diagram of the study area.

30-40%. Therefore, it is essential to research the impact of climate
change on crop yields in the Qaidam Basin and systematically
analyse the main climatic factors (temperature and precipitation)
and changing characteristics of crop yields. In the manuscript, by
assessing the land production potential, the reasonable current
input level was determined, thus, evaluating the population
carrying capacity, and proposed the enhancement strategies,
which are innovation. Enhancement strategies are critical for
optimising the rational use of local climatic resources and
improving crop production potential in the Qaidam Basin.

STUDY AREA

The Qaidam Basin is located in the northern part of Qinghai
Province, mainly in the Haixi Mongolian and Tibetan
Autonomous Prefecture (Figure 1). It is a closed plateau-type
basin surrounded by the Kunlun Mountains, Arjinshan, Qilian
Mountains and other mountain ranges, between 90°16’ E—99°16
E and 35°00' N—39°20" N. The basin is approximately 800 km
wide from east to west and 300 km long from north to south, with
an area of approximately 240,000 km*, making it one of the three
largest major inland basins in China. The southern edge of the
basin is located in the northeastern part of the Qinghai-Tibet
Plateau at an elevation of 2767-3191 m. It has oasis agricultural
areas, including Golmud, Xiangrid and Chakhan Usu. Suitable
agricultural land is mainly distributed in the eastern and southern

parts of the basin along the fine soil belt under the flood alluvial
fan. The region has significant temperature accumulation and
good thermal conditions, and the existing arable land is
concentrated in the eastern and southeastern oasis areas,
mainly producing grain and oilseeds.

DATA SOURCES AND RESEARCH
METHODS

Data Sources and Processing

1) Land use data for 2020 were obtained from the 30 m raster data
released by the Ministry of Natural Resources (http://www.
globallandcover.com/home.html?type=data). 2) Socioeconomic
data such as crop yield and planted area were procured from
the Statistical Yearbook of Haixi Prefecture. 3) Soil type and
physical and chemical property data were acquired from the
World Soil Database. 4) Meteorological data such as rainfall,
temperature and sunshine hours were collected from the National
Meteorological Science Data Center (http://data.cma.cn/). 5)
Atmospheric radiation data were obtained from the National
Tibetan Plateau Scientific Data Center (https://data.tpdc.ac.cn).
6) Annual rainfall, average annual temperature and average yield
per unit area of spring wheat and highland barley were acquired
from the Haixi State Statistical Yearbook. 7)The DEM data were
obtained from geospatial data cloud platform (http://www.
gscloud.cn/).

Frontiers in Environmental Science | www.frontiersin.org

June 2022 | Volume 10 | Article 908888


http://www.globallandcover.com/home.html?type=data
http://www.globallandcover.com/home.html?type=data
http://data.cma.cn/
https://data.tpdc.ac.cn/
http://www.gscloud.cn/
http://www.gscloud.cn/
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Yu et al.

Agricultural Production Potential and Enhancement Strategy

Analysis of land production potential and enhancement
strategy in the Qaidam Basin based on the AEZ Method
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FIGURE 2 | Technical process.

Research Methods
The two main crops, spring wheat and highland barley, were

utilised as the research objects. Light, temperature, precipitation
and soil texture were the influencing factors. The AEZ model was
applied to calculate the photosynthetic production potential. The
temperature influence coefficient was used to calculate the light
and temperature production potential, which was then revised to
obtain the climate production potential by accounting for the
influence of precipitation. The land production potential was
then obtained by taking soil availability into account. By assessing
the range of suitable regions for growing crops, strategies for
improving crop productivity in these regions were proposed to
provide a basis for decision-making by the local government. The
agricultural production potential was determined using the land
production potential under various input level coefficients in the
Haixi Prefecture. Simultaneously, the land production potential
was used to identify suitable areas for agricultural production
with spatial analysis technology (Figure 2).

The AEZ method was proposed by Kassam et al. with the support
of the Food and Agriculture Organization of the United Nations to
calculate the crop production potential (Sun et al., 2020). Based on
the biomass and total dry matter of standard crops, this method used
the following data: climate, land use, soil type and agricultural input
level to modify the photosynthesis production potential, light-
temperature production potential and climate production
potential in a stepwise manner to obtain the agricultural
production potential. The calculation formula used was as follows:

Ap=Yqo x h(T) x h(W) x h(S) x h(M)

=Yr x h(W) x h(S) x h(M) (1)
=Yw x h(S) X h(M)

ZYS X h(M)

where, Ap indicates the agricultural production potential, Yq,
indicates the photosynthetic production potential, Y7 indicates
the light-temperature production potential, Yy, indicates the
climate production potential, Ys indicates the land production
potential, h(T) indicates the air temperature correction
coefficient, (W) indicates the moisture correction coefficient,
h(S) indicates the soil correction coefficient and h(M) indicates
the input-level correction coefficient.

Photosynthetic Production Potential

The photosynthetic production potential refers to the total dry
matter yield of a standard crop as determined by
photosynthetically active radiation when all other conditions
are ideal. The calculation formula used was as follows:

Yo=Qx f(Q=Cep(1-a)(1-B)(1-p)(1-y)(1-w)
f@YQS(1-n)"1-8"q"
)

where, Y, indicates the photosynthetic production potential, C
indicates the unit conversion coefficient and ) Qi indicates the
sum of the total solar radiation during the growth period of the
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TABLE 1 | Photosynthetic production potential parameters of crops.

Agricultural Production Potential and Enhancement Strategy

Parameter Physical Significance Spring Wheat Highland Barley
Q Ratio of photosynthetic fixation (CO,) capacity 1.000 1.000
€ Photosynthetically active radiation ratio 0.490 0.490
% Light quantum conversion efficiency 0.220 0.224
a Plant population reflectance 0.060 0.080
B Plant population transmittance 0.100 0.100
P Radiation interception rate of crop non-photosynthetic organs 0.100 0.100
y Ratio of light beyond the light saturation point 0.030 0.050
) Proportion of respiration consumption in photosynthate 0.330 0.330
flL) Set dynamic change of crop leaf area 0.560 0.440
S Crop economic coefficient 0.450 0.401
n Moisture content of mature crops 0.140 0.150
8 Ash content of crop 0.080 0.080
ol Heat content per unit of dry matter (MJ.kg™") 17.800 17.810
Yiw=Ypx f(w) (6)

TABLE 2| Optimum temperature and temperature limits of main crops during the
growth period. ——, O0<P<ET.

f(w) =1 ET. )
Crop Types To T, T,

1, P>ET,

Spring wheat 22 3 30
Highland barley 3 -5 13 ET. = K.ET, ®)

crop (MJ-m™2). The values of other parameters (Table 1) were
used as previously published (Yang, 2020).

Light-Temperature Production Potential

The light-temperature production potential refers to the productivity
potential determined by light and temperature conditions under
ideal water and soil conditions, agricultural input level and other
conditions. This potential is modified by crop growth and
development temperatures and the average temperature in the
study area based on the photosynthetic production potential. The
specific calculation formula used was as follows:

Yr=Yqx f(T) 3)
[(T-T)(T>-T)]"

IO = L Ty (T =Ty @
(T,-Ty)
P ©

where, Y indicates the light-temperature production potential;
Y, indicates the photosynthetic production potential; f (T)
indicates the temperature correction coefficient; T indicates the
average temperature during the growth period of the crops and
Ty, T; and the T, indicate the optimum temperature, the lower
temperature limit and the upper temperature limit, respectively,
in the growth period of the crops. The specific values (Table 2)
were obtained from the research of Wang X. Y. et al. (2015),
Wang et al. (2020).

Climate Production Potential

The climate production potential was revised using the moisture
correction factor based on the light-temperature production
potential. The specific calculation formula used was as follows:

ETy = 0.408 x 0.0014 (T ean + 13.1) (Trmax — Tonin)™’ R (9)

where, Y}y indicates the climate production potential; f(w) indicates
the moisture correction coefficient; P indicates the precipitation
during the growth period of the crop (mm); ET indicates the
theoretical water demand (mm) and K¢ indicates the crop water
demand coefficient, determined from published literature (Shi
et al., 2015). Specifically, the crop water requirement coefficient
of spring wheat was 1.12 and highland barley was 0.93. ET,
indicates the reference crop evapotranspiration; Tyenn Tmax and
T,.i» indicate the average temperature, maximum temperature and
minimum temperature, respectively and R, indicates the radiation
from the top layer of the atmosphere.

Land Production Potential

The land production potential was based on the climate production
potential, which was obtained through correction using the soil
availability coefficient. The formula used was as follows:

Ys=Yw x f(S) (10)
f® =114 (1

where, Y, indicates the land production potential, Yy, indicates
the climate production potential, f(S) indicates the soil availability
coefficient and A; indicates the raster layer of each factor after
scoring.

Based on the literature (Jiang, 2008), the soil pH value, organic
matter content and soil texture were combined with the slope to
construct a soil availability factor scoring system to obtain the soil
availability coefficient (Table 3).

Agricultural Production Potential

In addition to natural factors, human factors influence the
production potential, especially the amount of fertiliser used
and investment in agricultural science and technology (Yin
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TABLE 3 | Scoring of soil and slope conditions.

Grading Soil Texture pH Value Score
1 L 6.5-7.5 1
2 LS,SL 5.5-6.5 0.9
3 LC,CL 7.5-8.5 0.7
4 SLC,SCL 4.5-5.5 0.6
5 SC,C 8.5-9.0 0.5
6 S <4.5>9.0 0.4
Note: L indicates Loamy; S indicates Sandy; C indicates Clay.
450
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FIGURE 3 | Trend chart of annual average rainfall between 2008
and 2018.

et al.,, 2005). The latter includes popularising good crop varieties
and optimising irrigation techniques. Considering the arid
climatic conditions in the Qaidam Basin, methods for
developing water-saving irrigation techniques are the main
focus of agricultural science and technology investment. Based
on the land production potential, the agricultural production
potential was achieved after correcting for the positive impact of
the level of labour input on production potential; usually, the
input level coefficient is between 1 and 1.3. Therefore, the present
study calculated the agricultural production potential three times,
when the input level coefficient was 1, 1.1 and 1.2, and compared
the theoretical grain yield with the actual yield to determine the
reasonable current input level and evaluate the agricultural
production potential.

RESULTS
Climate and Yield Trends

From 2008 to 2018, the average annual rainfall in Golmud city
was approximately 50 mm, and the average annual rainfall in
Delingha city, Wulan county and Dulan county was between 100
and 400 mm, with the rainfall in the four counties (cities) all
increasing (Figure 3). The annual average temperature in
Golmud city was approximately 6-7°C, and the average annual
temperature of the four counties (cities) increased (Figure 4). The
yield per unit area of the four counties (cities) showed a
downward trend (Figure 5). Although rainfall increased, the

Agricultural Production Potential and Enhancement Strategy

Organic Matter Score Slope Score
>40 1 <3 1
30-40 0.9 3-7 0.9
20-30 0.8 7-15 0.8
10-20 0.7 15-25 0.6
6-10 0.6 25-35 0.4
<6 0.4 >35 0.1

temperature increase led to evaporation increase, indicating
that the temperature increase negatively affected the yield per
unit area of grain crops in the Qaidam Basin.

Photosynthetic Production Potential

The photosynthetic potential of spring wheat in 2018 in the
Qaidam Basin ranged from 24256.56 kg-hm™>-34353.34 kg-hm-?,
with significant spatial differences. The total photosynthetic
potential of spring wheat was higher in the northwest and
lower in the southeast (Figure 6A). The photosynthetic
potential in Mangya city in the north was the highest,
reaching 31178.11 kg-hm™>. The second-highest value was
observed in the autonomous prefectures. The photosynthetic
potential of highland barley ranged from 14677.08 to
20771.71 kghm 2, with the overall highest value in the north
and the lowest value in the east, and the high values were
concentrated in the east of Mangya city (Figure 6B).

Light-Temperature Production Potential
After temperature effects were taken into account, the production
potential was reduced by approximately 13%. The light-
temperature production potential of spring wheat ranged from
21208.53 kg-hm 2-30017.95 kg-hm 2, with a high yield in the
northwest and a low yield in central regions (Figure 6C). The
high yield was mainly concentrated in Mangya city in the
northwest. The mean value of the light-temperature
production potential of spring wheat was the highest in
Mangya city. The second-highest value was observed in the
autonomous prefecture. The mean values in the other
administrative regions showed few differences. The total yield
potential of highland barley was between 12865.93 kg-hm™ and
18208.48 kg-hm 2. The overall yield potential was high in the
north and low in the east, with the highest values concentrated in
the east of Mangya city (Figure 6D). The average photosynthetic
potential of highland barley in the autonomous prefecture was the
highest, followed by Mangya city.

Climate Production Potential

The climate production potential of spring wheat ranged from
3648.54 kg-hm>-26049.37 kg-hm 2, and both the minimum and
maximum values were observed in Mangya city (Figure 6E).
There were no significant differences among the mean values of
different cities and counties; however, there were three low-value
clusters in the east of Mangya city, the middle and east of Geermu
city, and Dulan county, which showed poor rainfall conditions.
The climate production potential of highland barley ranged from
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3147.37 kghm™>-15741.97 kghm ™ (Figure 6F), and its spatial
distribution was similar to that of spring wheat.

Land Production Potential
The land production potential is the lower limit of productive
potential under real conditions, which can be obtained by
multiplying the soil availability coefficient with the climate
production potential. The soil availability coefficient of the
Qaidam Basin was between 0 and 0.57. Because there were large
areas of bare land and desert in the central and northwestern parts
of the Qaidam Basin, the land production potential was greatly
attenuated. The land production potential of spring wheat and
highland barley was only 15.85 and 16.74% of the photosynthetic
production potential, respectively. The average land production
potential of spring wheat in cultivated areas was 4908.3 kg:hm >
and highland barley was 3084.25 kg-hm > (Figure 7).

The highest grade was determined as an appropriate area
for grain production in the Qaidam Basin. The areas with high

8
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§ s OO o g g
& N — - |
3 O
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©— Golmud City [0 Delingha City Woulan County Dulan County
FIGURE 4 | Multi-year mean temperature trend chart.
land production potential were mainly distributed in the
7.00 northeast, southeast and west of the Qaidam Basin. The
6.50 suitable area in Wulan county was close to Qinghai Lake, in
-~ Delingha city it was close to Hala Lake, directly under the
% <o autonomous prefecture it was connected to Dachaidan Lake
g and Xiaochaidan Lake, and in Mangya and Golmud cities these
g 500 areas were distributed in the Yangtze River originates.
T as0
q
< 4.00 . . .
Agricultural Production Potential
2t More than 85% of the grain crops in the Qaidam Basin are spring
3.00 wheat and highland barley, and the proportion of their planting
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 area was apprOXimately 4:5 in 2018
©—Golmud City [ Delingha City Wulan County Dulan County According to (Jiang, 2008), in terms of fertilization level, the
, . input level coefficients corresponding to high fertilization area,
FIGURE 5 | Multi-year production trend chart. medium fertilization area and low fertilization area are 1.2, 1.3

and 1.1 respectively. Based on the land production potential
and considering the positive impact of artificial input of
agriculture on crop vyield, the agricultural production
potential was revised, and the average agricultural
production potentials of cultivated land areas with input
level coefficients of 1, 1.1 and 1.2 were calculated (Table 4).
By comparing the theoretical yield with the actual yield, it was
found that when the input level coefficient was 1, the planting
area of grain crops in 2018 was 18.40 thousand hectares and
the corresponding agricultural production potential was
71,600 tonnes. This was 0.42 million tonnes lower than the
actual yield, indicating that the yield per unit area exceeded the
upper limit without artificial intervention. When the input
level coefficient was 1.1, the agricultural production potential
was 78,800 tonnes, which was closest to the actual output.
With an input level coefficient of 1.2, the agricultural
production potential reached 8600 tonnes, higher than the
actual output of 75,800 tonnes. Therefore, the actual yield was
closest to the agricultural production potential when the
coefficient of labour input was 1.1.

Frontiers in Environmental Science | www.frontiersin.org 7

June 2022 | Volume 10 | Article 908888


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Yu et al.

Agricultural Production Potential and Enhancement Strategy

A Photosynthetic production potential of spring wheat

Dulan county
Photosynthetic production potential

(kg/ha)
_ 34353.3

_ 24256.6

C Light-temperature production potential of spring wheat

(kg/ha)

Climate production potential
(kg/ha)

r— 26049.4
_ 3648.5

0 60 120

Photosynthetic production potential of highland barley

B

Golmud city
e

Photosynthetic production potential
(kg/ha)

-' 20771.7
— 14677.1

D Light-temperature production potential of highland barley

Light-temperature production potential
(kg/ha)

P— 18208.5
_ 12865.9

F Climate production potential of highland barley

Climate production potential
(kg/ha)

P— 15742.0
_— 3147.4

240 360
km

FIGURE 6 | Photosynthetic, light-temperature and climate production potential
Photosynthetic production potential of spring wheat (B) Photosynthetic prod

wheat (D) Light-temperature production potential of highland barley (E) Climate production potential of spring wheat (F) Climate production potential of highland barley.

| of spring wheat (A,C,E), respectively and highland barley (B,D,F), respectively. (A)
uction potential of highland barley (C) Light-temperature production potential of spring

Frontiers in Environmental Science | www.frontiersin.org

June 2022 | Volume 10 | Article 908888


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Yu et al.

Agricultural Production Potential and Enhancement Strategy

land production potential

(kg/ha)
mm 12956.2

i 350 140 21
- G SeLRE Wi

FIGURE 7 | Land production potential of spring wheat (A) and highland barley (B).

land production potential
(kgha)

o 7535.7

L)

TABLE 4 | Agricultural production potential and grain yield under different input level coefficients.

Input Level Coefficient Agricultural Production Potential

of Spring Wheat

(kghm™?)
1 4908.30
11 5399.13
1.2 5889.96

TABLE 5 | Land population carrying capacity under different input level
coefficients.

Input Level Coefficient Population Carrying Capacity

of the Land
(10%)
1 56.29
1.1 61.95
1.2 67.61

DISCUSSION

Grain is an important strategic material and its output must
continue to expand to maintain social stability (Zhou and Guan,
2000). The present study calculated the land population carrying
capacity based on per capita grain consumption (Table 5). If all
consumed calories were powered by food crops, approximately
400 kg would be needed per person per year. According to the
National Bureau of Statistics in 2018, only 36% of the calories in
the diet of the Chinese population come from grains. At present,
the main grain crops in the Qaidam Basin are spring wheat and
highland barley. According to the China Statistical Yearbook in
2018, China’s per capita grain consumption was 127.2 kg (most of
which was grain). Based on this, the actual grain crop output in
the Qaidam Basin in 2018 could support 562,900 people, whereas
the permanent population of Haixi was 518,600. Therefore, the

Agricultural Production Potential
of Highland Barley

Grain Crop Output
(10* Tonnes)

(kg-hm™?)
3084.25 7.16
3392.68 7.88
3701.10 8.60

carrying rate was 0.87, achieving a sufficient balance between
people and food. However, the development potential of the
population carrying capacity was insufficient. If the correction
coefficient of labour input can reach 1.2, the population carrying
capacity can reach 676,100 people, and the carrying rate would be
0.76. In such a scenario, the development potential of the
population carrying capacity would have much room for
improvement. At present, the grain and oil output of Qaidam
Basin could be more than self-sufficient. Taking advantage of the
favourable factors of rich land resources, good light and heat, and
good water and soil conditions in the Qaidam Basin, the primary
position of agricultural development should be to improve the
yield per unit area (Zhou and Guan, 2000).

Due to global climate change, the climate of the Qaidam Basin
has changed markedly, with considerable warming and a
temperature increase significantly higher than the national and
global average (Li et al, 2015). The temperature increase has
affected crops (Wang et al., 2010; Qin et al,, 2013) and directly
impacted the climatic production potential of crops (Ding et al.,
2006). Many studies have shown that climate change negatively
impacts agriculture and may reduce crop productivity in the
future (Lobell and Asner, 2003; Tan and Shibasaki, 2003; Ciais
etal., 2005) to the extent that it poses some threat to food security
(Yin et al, 2008; Xie et al., 2014). Increasing temperature and
precipitation have led to the warming and humidification of the
climate, causing a significant impact on the crop yield in the
Qaidam Basin (Wang et al, 2020). Although rainfall and
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temperature have increased over the past 10 years, the yield per
unit area showed a downward trend in the Qaidam Basin.

The Qaidam Basin is a typical oasis agricultural environment
with good hydrothermal conditions and abundant potential arable
land resources. The agricultural area is close to natural water
sources, and most of the agricultural areas are distributed along
the north and south edge of the basin beside the water, which is
conducive to good irrigation conditions and development
prospects. At present, almost all the cultivated land in the
Qaidam Basin is irrigated, with the effective irrigated area
exceeding 97%. Developing water-saving irrigation is critical to
improving the realistic production potential of crops (Zhou and
Guan, 2000). Developing green and efficient water-saving methods
and precision agriculture technology can shift the cultivation
industry towards pollution-free and environmentally friendly
methods (Yu et al., 2021).

In 2018, the grain crop yield per unit area of the Qaidam Basin
exceeded the vyield ceiling without artificial intervention;
therefore, the following enhancement strategies are required to
improve the grain crop yield and further improve the population
bearing capacity. 1) Strengthen water-saving irrigation
technology and improve the utilisation rate of water resources.
This should be implemented in light of local conditions to achieve
increased water-saving and open source technology in critical
areas, vigorous promotion of drip irrigation and other
technologies, rational high-level planning and management of
surface water and groundwater, and greater water supply and
drainage. 2) Improve the utilisation rate of chemical fertilisers
and pesticides and replace chemical fertiliser with organic
fertiliser. Excessive fertiliser use can inhibit crop growth and
cause environmental pollution. The use of chemical fertiliser in
Haixi peaked in 2018; however, implementing reduced
application and greater efficiency of chemical fertilisers and
pesticides in 2019 achieved promising preliminary results,
reducing the use of chemical fertilisers by more than 50%.
Organic fertiliser should be further promoted to replace
chemical fertilisers and a green-oriented agricultural
technology system should be constructed.

CONCLUSION

It is important to research the impact of climate change on crop
yields in the Qaidam Basin. The present study employed the AEZ
method to calculate the production potential of the Qaidam Basin
at multiple levels based on photosynthetic capacity, temperature,
light, climate and soil availability to ultimately obtain the land
production potential. Based on correction using different input
coefficients, the potential for agricultural production potential
was calculated. These data were then used to calculate the land
population carrying capacity. Thus, this study provides a
reference for improving agricultural productivity in the
Qaidam Basin. The specific conclusions are as follows:

1) By combining the AEZ method with GIS technology, every
single factor of land production potential was considered
comprehensively through step-by-step correction, ensuring

Agricultural Production Potential and Enhancement Strategy

that the results were closer to reality. It is critical to optimise
the rational use of local climatic resources and improve
agricultural production potential. The research methods
have wide application value.

The photothermal conditions of the Qaidam Basin are good,
and the photosynthetic and photothermal productivity potential
of Manya city and the autonomous prefecture in the northern
basin is high. The rainfall is low, especially in the eastern part of
Golmud city and Mangya city; therefore, the climate production
potential of this region is low. After correction using the soil
availability coefficient, the land production potential was only
approximately 1/6 of the photosynthetic production potential,
and the highest values occurred in the northeast and west of the
basin margin. The suitable area for agricultural production is a
reserve arable land resource to the production potential under
natural conditions, and provides a scientific basis for the rational
distribution of grain crops.

The current population carrying capacity of the land resources
is 562,900, which achieves a balance between people and food
when the correction coefficient of artificial input is
approximately 1.1. If the correction coefficient reaches 1.2 by
improving irrigation efficiency and reducing fertiliser use, the
population carrying capacity could reach 676,100; hence, there
remains potential to increase grain yield. Over the past 10 years,
increasing temperature and rainfall have led to warming and
humidification, and the grain yield per unit area has shown a
downward trend. Therefore, climate change negatively
influences agriculture and decreases crop productivity in the
Qaidam Basin. Enhancement strategies, such as strengthening
water-saving irrigation technology and improving the
utilisation rate of chemical fertilisers, are required to improve
the agriculture productivity potential in Qaidam Basin, and help
advance the green-oriented agricultural technology system.

2)

3)
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