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  Abstract 
This paper aims at analyzing the problem of grain production in the contemporary 
history of China's Huang-huai-hai Plain. Analysing the changes of grain produc-
tion and knowing the factors in Chinese contemporary history that has contributed 
to those changes can ensure the country's grain is security. Huang-huai-hai Plain 
is the traditional Chinese grain production base. The author chooses the statistical 
data on grain production's variables in Huang-huai-hai Plain the period of 1985 - 
2015, using Principal Component Analysis method and grain production model 
method. And by studying the time and spatial changes of arable land resources in 
the counties of Huang-huai-hai Plain, finally, can know the most important factors 
are the changes of society in this area under cultivation and the use of fertilizers 
and pesticides. The relative issues need to continue for more in-depth study yet. 
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1. Introduction 
Studying grain production in one country's history has an important impact on its future. Modern China has suf-

fered from famine and thousands of people have starved. After the birth of the New China, the grain production 
came into a normal state. Since the reform and opening up, China's grain production has achieved new breakthroughs, 
especially Huang-huai-hai Plain, which produced 20% of China's grain output. However, there are two problems that 
can not be ignored in Huang-huai-hai Plain's grain production, one is the reduce in the area of cultivated land and the 
other one is the poor quality of grain. Therefore, the paper will firstly collect relative data and then discuss factors 
that caused these problems. 

2. Relative researches and data  
In the view of some foreign scholars, China's prospect of grain production is not optimistic (Yan Huimin, Liu 

Jiyuan, Huang Heqing, & Cao Mingkui, 2008; Lin Yifu, 1998). Chinese scholars are different. They believe that 
Chinese have the ability to increase their own food production (He Chunhua, 2009; Kazuyoshi Shiraishi & Liu Qim-
ing, 2001). Unfortunately, those scholars have paid little attention to the problems of grain production in the histori-
cal Huang-huai-hai Plain (Hu Huizhi, Wang Jianli, Wang Yong, & Long Xiangyong, 2019; Pan Peipei, Wang 
Xiaoxu, Zhao Qianshi, Ge Jingfeng, Yang Guishan, & Zhao Zhiwei, 2018), but the research methods they used have 
high value. Some of them use Principal Component Analysis method, but others use grain data to set up models. To 
make up for the regret and to make the study be more objective, this essay will use both Principal Component Anal-
ysis and grain production model. Principal Component Analysis is used to analyse the reduce in the area of culti-
vated, the production model is used to analyse the poor quality of grain.  

To characterize historical grain output spatial and temporal patterns, Chinese government annual statistics. 
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Huang-huai-hai Plain located between 30°to 40°north latitude, 114°to 121°east longitude, including 7 provinces of 
Beijing, Tianjin, Hebei, Henan, Shandong, Anhui and Jiangsu. Thus data in this essay are chosen from the statistical 
yearbooks of seven provinces, including Beijing, Tianjin, Hebei, Henan, Anhui, Shandong and Jiangsu. Between 
1985 and 2015, the whole area's the total output of grain and the per unit area yield of grain had shown a general in-
crease incline, while the sown area of grain had decreased and increased (Table 1). Although the sown area of grain 
had three periods of reduction, the increase or decrease in area was largely maintained within 5%. Some deeper fac-
tors need to be analysed mathematically. 

Table 1. Huang-huai-hai Plain's grain output and per unit area yield of grain and sown area of grain 

 

3. Principal Component Analysis method 
3.1 The use of Principal Component Analysis method 

For establishing the link between grain data and social factors, an effective method (Principal Component Analy-
sis) has been used. Principal Component Analysis (PCA) is a way that uses the idea of reducing variables which can 
reorganize them into new variables. It can extract some composite variables that focus on the data characteristics of 
the original variables, because composite variables are the principal components. In this statistical method, the fol-
lowing relationship is used to determine F: 

F1 = U11X1 + U21X2 + …… + ap1Xp 

F2 = U12X1 + U22X2 + …… + ap2Xp 

…… 
Fp = U1pX1 + U2pX2 + …… + appXp                               (1) 

Where variance of F is the main component, U is linear correlation, X is related element, P shows the number of 
principal components. The larger the sample variance of F, the richer the information it contains. If F1 can not de-
scription accurately, then use F2, following these formulas until the last one. 

To know components how made historical Huang-huai-hai Plain's grain output (1985-2015), this paper chooses 
the sown area of grain is X1, primary sector worker is X2, total powers of agriculture machine is X3, the pesticide 
application is X4, grain disaster area is X5, effective irrigation area is X6, fertilizer application is X7. Using the statis-
tical analysis software SPSS 22.0 can obtain relevant information. The results of correlation analyses show that there 
are two main components (Table 2). According to Table 2, X2, X3, and X6 are the main principal components, X4 
and X7 are the second principal components. 

Table 2. Huang-huai-hai Plain's grain output's Principal Component Analysis 
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3.2 Factors about the reduce in the area of cultivated land 
Table Huang-huai-hai Plain's grain output's Principal Component Analysis shows that the modernization level of 

grain production plays an important role in Huang-huai-hai Plain's area of cultivated land. Modern China was poor, 
weak and did not create a good development environment for the economy, then caused a backwardness. Thus it 
needed more area to plant grain. After the founding of new China, with the strong supported of the Communist Party 
of China, the country's economic level was improved. But compared to the world, China was still lagging behind. At 
the beginning of the reform and opening up, Chinese economy was still underdeveloped, there had been a lack of 
agricultural modernization in grain production in Huang-huai-hai Plain. However, after 1992, Chinese technology 
has improved so much that less land can have more grain (National documents, 1992). 

In addition, policy factor in social factors is also very important. Such as Principal Component Analysis method's 
result shows the sown area of grain in Beijing had been drastically reduced, the reason was that Beijing was the cap-
ital of China, policy did not support the capital city to develop agriculture. The same was true in ancient China, em-
phasizing the political role of the capital city rather than the agricultural role. 

And finally, in order to increase yields, farmers used to use lots of chemical fertilizers, making the land not suita-
ble for planting. The decrease of cultivated land due to this reason is the most harmful. 

4. Grain production model 
4.1 The use of grain production model 

Using Principal Component Analysis has already known the main factors, but obvious lack of why grain's quality 
is not good. To analyse the role of cultivated land element how to influence grains' quality in historical 
Huang-huai-hai Plain (1985-2015), in this study, choosing use grain production model. This model named Arable 
Land Element Decomposition Method, founded by Mr. Jin Tao (Jin Tao, 2014). In this model, the following rela-
tionship is used to determine Y: 

Y = Grain area ×  Multiple cropping index ×  Grain yield per hectare × Grain sowing ratio     (2) 
These four elements can respectively reflect the degree of utilization, distribution, input and natural conditions of 

cultivated land. Based on this, Pan Peipei used this method in the study of grain production in Hebei Province, and 
has a new interpretation of grain output (Pan Peipei, Wang Xiaoxu, Zhao Qianshi, Ge Jingfeng, Yang Guishan, & 
Zhao Zhiwei, 2018). When analyzing the contributions of the four elements, she used the logarithmic average Di's 
decomposition model. The formula is as follows: 

Y = ∑ 𝐴𝐴𝑡𝑡𝑛𝑛
𝑡𝑡=1 × 𝑃𝑃𝑡𝑡 × 𝑀𝑀𝑡𝑡 × 𝑅𝑅𝑡𝑡/10000                            (3) 

Where n is the number of counties, t means one county, At is cultivated land area, Pt is multiple cropping index, 
Mt is the grain yield per hectare, Rt is grain sowing ratio. Since the data in 1985, the change is calculated by subtrac-
tion every fifteen years: 

△ Y = 𝑌𝑌𝑡𝑡 − 𝑌𝑌0                                      (4) 
Using △Y to get the logarithms, can get the degree of contribution of these elements: 

△ Y = ∑ 𝑌𝑌𝐼𝐼
𝑇𝑇−𝑌𝑌𝐼𝐼

0

ln⁡(𝑌𝑌𝐼𝐼
𝑇𝑇/𝑌𝑌𝐼𝐼

0)
𝑙𝑙𝑙𝑙 𝑋𝑋𝑡𝑡 ,m

𝑇𝑇

𝑋𝑋𝑡𝑡 ,𝑚𝑚
0

𝑛𝑛
𝑡𝑡=1                                 (5) 

△ Y =△𝑌𝑌𝐴𝐴 +△𝑌𝑌𝑃𝑃 +△𝑌𝑌𝑀𝑀 +△𝑌𝑌𝑅𝑅                            (6) 
△YA, △YP, △YM, △YR respectively means the degree of contribution of cultivated land area, multiple cropping 
index, the grain yield per hectare and grain sowing ratio means early counties' model value, means terminal counties' 
model value. 

Calculate this model by Excel. Thus, the relationship among the elements of the cultivated land can be shown in 
the table, the degree of contribution of cultivated land elements in Huang-huai-hai Plain. 

4.2 Reasons about poor grain quality 
According to the results from grain production model, land quality and climate were the two major aspects that 

affected grain quality in historical Huang-huai-hai Plain (1985-2015). 
The data gathered in the Table 3 can depict that before 2000, Huang-huai-hai Plain lacked the quantity of 



Yuan Liu 
 

 
DOI: 10.26855/jhass.2022.12.012 594 Journal of Humanities, Arts and Social Science 
 

high-quality cultivated field. Until 2015, the area of high-quality cultivated land had been the smallest, always below 
170 hm2, but the low-quality cultivated has been the largest, almost above 200hm2. The land's soil quality is much 
high, the grain from this land will have higher quality. And Henan Province's soil quality was higher than Jiangsu. 
That was why in the north Huang-huai-hai Plain, the taste of this area's rice was more delicious. But the type of 
high-quality land's area was limited, causing much grain's quality was low. 

Table 3. The degree of contribution of cultivated land elements in Huang-huai-hai Plain 

 
 
Land quality can be changed. With the development of chemistry, fertilizers and pesticides are widely used by 

farmers. From Table 3, apparently, the yield of grain had increased, but the quality had become poorer. However, 
the worse the quality, the more fertilizer farmers would use, it became a vicious cycle. And it can explain why the 
factor Pt, which is multiple cropping index, is not high. 

Climate is closely related to the quality of arable land. Huang-huai-hai Plain has a typical temperate and mon-
soonal climate with four different seasons. It causes that droughts often occur in the cold months while floods in the 
warm, showing the climate change. Temperature changes can reduce the quality of grain. Rt can represent the degree 
of impact of climate changes. In the period 1985-2000, Huang-huai-hai Plain's number of Rt was large, Henan, 
Shandong, Jiangsu these three provinces suffered from bad influences. And in the period 2000-2015, the number of 
Rt reduced, affected provinces became Hebei and Henan two provinces. In addition, research has shown that climate 
change can lead to more pests. This also affects the quality of grain. 

5. Conclusion 
In the contemporary history of China (1985-2015), Huang-huai-hai Plain was the traditional Chinese grain pro-

duction base. During this period, the reduce in the area of cultivated land and the poor quality of grain were two cha-
racteristics of grain production in this region. The factors caused to these characteristics can be divided into social 
and land quality two aspects. Social factors' economic factor and national policies effected the changes in the area of 
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cultivated fields. Land quality affected grain quality, this impact was mainly due to the large use of chemical fertiliz-
ers and pesticides. 
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