SEARCH

Introduction
China’s GDP has increased steadily since 1949, reaching 63,646 billion Renminbi
(1038 billion US dollars) in 2014 to become the world’s second largest economy (1)
(Fig. 1).
In recent years, China’s food security has received attention from researchers and
policy makers (2, 3). In 2011, China had 20% of global food production (4). Future
trends in grain production, consumption and import will aﬀect food prices in the
region (5) and food security is a high priority of China’s national political agenda.
Increasing grain production to ensure food security is a national priority (6). In this
paper we include soya bean as a grain crop, so that the term ‘grain crops’ includes
all cereals and soya.
China’s grain production doubled from 300 Mt in 1949 to 600 Mt in 2014 (7), China
produces 80% of its food on irrigated farmland (8). In the last two decades, the
availability of water (surface water and groundwater) has declined and may become
deﬁcient for agricultural purposes in the next 20 years (9).

China’s population is projected to grow by 60 million from 2010 to 2025 (10). With
the water crisis in North China, overall grain production and hence food security in
China will be challenged.
The grain (cereals and soybean) production in North and South China has changed
with the economic growth of South China (11). Our primary goal here is to review
changes in grain productivity in China and assess challenges for national food
security.

This review covers:
(1) Grain productivity patterns on a geographical basis;
(2) The history of ‘South shipped food to North’ policy, the eﬀect of the economic
reform programme on grain production in South China, and the reasons for its
decline;
(3) Trends in grain production in North China, and the contribution of irrigation to
grain yield:
(4) an assessment of the ‘North shipped food to South’ policy, and how the current
policies of the Central Government will further deepen the water shortages in North
China.

Geographical grain production patterns
China’s agricultural production areas are divided into North China and South China
by the Qinling Mountains and Huai River (12).
North China consists of arid and semi-arid regions with suitable thermal conditions
for grain production in spring and summer.
However, it lacks water resources with only 18% of the total available water in China
despite having 65% of the total arable land (10).
North China consists of 16 provinces, while South China consists of 19 provinces:
(Fig. 2; data from Hong Kong, Macau and Taiwan not included). The main crops
grown in North China are wheat and maize, while South China with its humid
climate, relative abundance of water and summer rainfall which is often ‘wasted’
through ﬂooding (13), grows mainly rice.

The reversal of grain production capacity in North China
and South China
South China historically produces higher yields and more grain than North China,
due to its higher rainfall and temperatures, so the Sui Grande Canal was built during
the Sui Dynasty.
Subsequent improvements to the engineering of the Canal ensured that grain
transportation was unimpeded (11).

From 1949 to 2005, grain production was higher in the south than the north and
both increased in parallel from 1949 until 1980 (Fig. 3).
From 1980, grain production in the south stagnated, while production in the north
continued to increase so that from 2005 grain production in the north exceeded
that in the south (Fig. 3). Grain production in South China was 278kg/capita from
1949 to 1985, compared with 303kg, in North China. Owing to net migration and
stagnation of grain production, the grain production per capita continued to
increase in North China, (Fig. 4a), so that grain production per capita for North and
South China from 1985 to 2013 were 447kg and 344kg respectively. Under the
traditional planned economic system (20), the government uniﬁed the purchase and
sale of food, regulating its allocation to diﬀerent provinces, resulting in an average
of more than 6.42 Mt per year being transported from South China to North China
from 1949 to 1989 (Fig. 4).
The GDP of South China relative to the GDP of the whole country increased from
53.7% in 1978 to 57.4% in 2013 (Fig. 5). Since 1985 when the Chinese government
cancelled the state monopoly for purchasing and marketing agricultural products
(30, 21), non-agricultural industries have beneﬁted more than agricultural industries
due to low proﬁt margins in traditional agriculture. Development of a rural township
enterprise in the southeast coastal region has been rapid, with the agricultural labor
force moving to non-agricultural industries. For example, in Guangdong province,
the share of non-farming income for rural residents increased from 44% in 2002 to
65% in 2012 (data from the National Statistical Bureau of China website). Farmers
paid less attention to their land and the cropping intensity (number of crops
harvested per unit area per year) decreased signiﬁcantly from 164% in 1979 to 94%
in 2009 (Fig. 6a). The area under crops in 2013 was 9.9 Mha less than that in 1978
(Fig. 6b).
Grain production in South China increased from 67.60 Mt in 1949 to 262.72 Mt in
2013 (Fig.3a). Before 2005, South China accounted for more than half of the
country’s grain production but this decreased from 62% in 1982 to 44% in 2013 (Fig.
3b). From 1978 to 2013, the percentage share of grain production in China for
Jiangxi and Anhui provinces increased slightly, Tibet remained stable, while in the
remaining provinces of South China it decreased, especially in Zhejiang and
Guangdong (Fig.7a).

Increasing grain production in North China
Grain producing areas in North China are located in a dry climate zone with
abundant sunlight, but with less precipitation and cooler temperatures than South
China. Due to the shortage of water resources in this area, productivity has been
below the potential of the land quality.
To overcome this, the Chinese government developed irrigation and water
conservation facilities, such as dams, reservoirs and wells, to intercept surface water
and pump groundwater (33). The area of irrigated farmland has been expanded by

59.5% since 1978 to reach an area of 35.1 Mha in 2013 (Fig. 8) and is the major
reason the north ships food south today. From 1978 to 2013, there was a signiﬁcant
positive relationship between the area of irrigated farmland and the percentage
share of the total Chinese grain yield in North China (P<0.001, n=36).
Production in North China increased from 125.28 Mt in 1978 to 339.22 Mt in 2013,
with the proportional share of Chinese production increasing from 41.1% to 56.4%
(Fig 3b).
Economic development in North China does not appear to have aﬀected grain
production; this may be because most provinces in North China are less developed
than in the South.
Nine provinces increased their proportional share from 1978 to 2013: Hebei,
Mongolia, Jilin, Heilongjiang, Shandong, Henan, Gansu, Ningxia, Xinjiang, with
Heilongjiang increasing the most (5.3%). The proportional share of ﬁve provinces
decreased: Beijing, Tianjin, Liaoning, Shaanxi and Qinghai, while that of Shanxi
remained stable (Fig. 7a).
Output in North China increased from 310 kg/capita in 1978 to 595 kg in 2013. Total
surplus grain for export in North China increased from 13.27 Mt in 1990 to 55.68 Mt
in 2013 (Fig. 4b) with eight provinces exporting grain (Fig. 7b).
The increased total grain production in North China mainly resulted from increased
yield per unit area rather than any increase in cultivated area (Figs 9a, 9b). In 2013,
yield per unit area in North China reached 5.4 t ha–1 (Fig. 6a).

‘North shipped food to South’ and its unsustainability
South China has had a continuous grain shortage since 1990, with the gap widening
each year.
Consumption exceeded production by 128 Mt in 2013 (Fig. 4b), with only the Anhui
province producing surplus grain (Fig. 7b). Grain production in South China fell from
401 kg/capita in 1984 to 335 kg in 2013 (Fig. 4a).
Confronted with the large grain shortage in South China, the Chinese government
could have bought grain through the international market, but this will require a
change in government policy. Transport of grain from North China to South China is
not regarded as sustainable as the production uses large amounts of surface – and
ground-water.
The average quantity of grain transported from North China to South China from
1990 to 2012 was more than 30.20 Mt per year (Fig. 4b), reaching 55.68 Mt in 2013.
One ton of grain requires 1,000 t of water, equating to the 55.7 Gt of water.
Groundwater is used to irrigate more than 40% of China’s farmland (34), which has
lowered the water table,

particularly on the North China Plain (34–36). In addition, some natural oases along
the old Silk Road have shrunk or disappeared, wells have dried up, and water ﬂow in
the Yellow, Huai and Songhua Rivers has decreased (37). The use of water for
irrigation has signiﬁcantly compromised the availability of water resources for
ecological sustainability (38).
In an attempt to ease the water shortages in North China, a ‘South–North Water
Transfer Project’ Scheme was initiated in 2002—the world’s longest and largest
water diversion project with a planned investment of 486 billion Renminbi (U.S. $77
billion) (39). Based on the current 1000 tons of water needed to produce one ton of
grain, farmers cannot aﬀord to buy water in the absence of state subsidies.
An estimated annual total of 44.8 Gt of water by 2050 (39) will be moved in the
‘South–North Water Transfer’ far less than the 55.7 Gt of water used for grain
production in North China in 2013. Therefore, it is not a feasible plan to produce
grain in the North using water from South China.

Achieving sustainable food security
It is diﬃcult to improve agricultural water use eﬃciency in China in the short term.
At present, the central government vigorously promotes grain production to ensure
food security, but at the same time needs to control water use. With its water and
temperature advantages, South China is the inevitable choice for increasing grain
production.
In 2009, the cropping intensity in South China was about 94%, compared with 164%
in 1979 (Fig. 6a), there is potential to improve cropping intensity and hence
production per unit area. The Government should encourage farmers to increase
crop production and eﬃciency by providing appropriate farming subsidies.
At the same time, the Chinese government should reduce the number of small and
non-viable farms and consolidate land into larger units to increase eﬃciency and
farmer income, especially in areas where a comparative advantage exists.
In addition, North China should reduce its total water consumption by industry and
increase agricultural water use eﬃciency. This may be best achieved by increasing
yield through modern crop breeding technologies, innovative farming systems and
other emerging technologies (40).
Water-saving measures in agriculture that could be implemented include drip and
sprinkler irrigation, no-till farming to reduce evaporation and ridge– furrow
mulching systems to increase precipitation use eﬃciency (41–44) (Fig. 10).

Conclusion and future outlook
The Chinese government is currently implementing the ‘One Belt and One Road’
policy to develop the economy (45).

Chinese government is also vigorously promoting grain production to ensure
national food security, but has not reduced the consumption of surface- or groundwater in North China.
This will further aggravate the water crisis in that region (37). Urgent attention is
needed to alleviate the pressure on water resources to replenish the deep aquifers
in North China and to increase grain production from the current levels in South
China.
Most provinces in West and North China are self-suﬃcient in grain production but,
in the face of future economic development, some provinces may move away from
investment in agriculture and grain production. The government should strategically
allocate grain production targets to all provinces based on their water and
environmental resource to guide future food production of China.
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Figures

Figure 1.
Figure 1. The increasing trend of China’s GDP from 1949 to 2013.

Figure 2.
Figure 2. Provinces of North China and South China.

Figure 3.
Fig. 3. (a) Total grain production and (b) change in percentage share of grain yield in North China
and South China over time (Ministry of Agriculture of China website: http://www.moa.gov.cn/)

Figure 4.
Figure 4 (a) Change in per capita grain output and (b) amount of surplus grain from 1949 to 2013
in North China and South China, Negative surplus yield implies grain shortage (14–19, National
Bureau of Statistics website:
http://data.stats.gov.cn/english/).
Calculations: Surplus grain = (grain yield per capita in a region) – (per capita grain consumption
in China) Å~ population in the region. Per capita grain consumption in China = (grain output –
exports + imports) / total population in China. Per capita grain output = (grain output) /
total population.

Figure 5.

Figure 5. Percentage of Gross Domestic Production (GDP) between North China and South China
from 1949 to 2013 (22–28).

Figure 6.
Figure 6. Change in (a) cropping intensity (number of crops harvested per unit area per year)
and (b) area planted (planted area) in North China and South China over time (22, 31, 32;
Ministry of Agriculture of China website: http://www.moa.gov.cn/).

Figure 7.
Figure 7. (a) Change in proportional share of grain yield in China from 1978 to 2013 and (b)
surplus grain (million tons) in each province, minus sign means grain shortage, Sichuan includes
Chongqing, and Guangdong includes Hainan (22, 28).

Figure 8.
Figure 8. Eﬀ ective irrigation area (land which can be irrigated every year) in North China and
South China from 1978 to 2013. Source: Ministry of Agriculture of China website:
http://www.moa.gov.cn/.

Figure 9.
Figure 9. (a) Cultivated area and (b) grain yield per unit area from 1949 to 2013 in North China
and South China (22, 31, 32; Ministry of Agriculture of China website: http://www.moa.gov.cn/).

Figure 10.
Figure 10. Gansu Province is located in a dry area of Western China. Plastic-ﬁ lm
mulch technologies have successfully improved local food production and water use eﬃ ciency.
It is estimated that 100 Mha in the province will be under plastic-ﬁ lm mulch in 2016 (44).
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