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Reducing Nitrogen Fertilizer Use in China

China needs to take action now to mitigate the serious environmental problems caused by

the overuse of synthetic nitrogen fertilizer

Although agriculture in China utilizes only 7% of the world’s arable land area, it feeds some
22% of the global population. Substantial growth in the use of synthetic nitrogen (N) fertilizer in
China since the 1970s has provided significant economic and social benefits, including higher
farm incomes, improved food consumption, and the maintenance of national food security.
China, now the largest consumer of synthetic N in the world, accounts for 32% of the world’s
total consumption (1). Nitrogen input is essential for high crop yields, but an excess use of N
fertilizer cannot promise a substantial increase in crop productivity. Too much N fertilizer results
in diminishing crop returns (2) and leads to diminished environmental quality and human well-
being (3—-5). Overuse of synthetic nitrogen fertilizer has become widespread across China,
resulting in severe environmental problems. If the excessive application of nitrogen fertilizer is

not brought under control, China’s environment will continue to deteriorate.

Overuse of synthetic nitrogen fertilizer

In 2007, cereals yield (rice, wheat, and maize) in China contributed 21.8% of the global total (6),
but synthetic N fertilizer used in cereal production represented 30.3% of world total (1). Current
usage of N per unit crop area in China is higher, but cereal yields are lower than in the United
States, Western Europe, and the neighboring Republic of Korea (see Table 1) (7). Over the period
1987-2007, while increased input of synthetic N has improved the per-hectare cereals yield in
China, the ratio of cereals yield per unit of applied N fertilizer (called the partial factor
productivity for N fertilizer, or PFPyx) has decreased, thus resulting in a lower nitrogen use
efficiency. In contrast, the PFPy in the Republic of Korea, the United States, and Western Europe

have all increased, and are currently much higher than in China (see Table 1) (7).



Table 1.

N use, cereals yield
and PFPy

Synthetic N rate
in cereals

Cereals yield

PFPy

Mean and trend

Mean of 1987-91
(kg ha™)

Mean of 2003-07
(kg ha™)

Trend in 1987-2007
(kg ha™ year™)

Mean of 1987-91
(tha™

Mean of 2003-07
(tha™

Trend in 1987-2007
(kg ha™ year™)

Mean of 1987-91
(kg grain kg™ N)

Mean of 2003-07
(kg grain kg™ N)

Trend in 1987-2007
(kg grain kg™ N year™)
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China

100

178

4.8**

4.1

5.2

65***

41

29

_0. 8***

Republic
of Korea

130

90

_2. 6***

5.9

6.2

27*

36

56

1.3*

USA

108

133

1 . 6***

4.4

6.5

1 23***

41

49

0.4***

Western
Europe

168

146

_1 .3***

5.8

6.7

65***

34

46

0. 7***

Mean value and trends in synthetic nitrogen use, cereals yield, and partial factor productivity (PFPy) in
China, Republic of Korea, United States, and Western Europe (7). Over the period 1987-2007, cereals yield in
the Republic of Korea and Western Europe have gone up in spite of N fertilizer cuts; the annual increment of
synthetic N in China was three times (4.8 kg ha™ year™) that of the United States, but the increment of cereals yield
(65 kg ha™ year™") was only one-half.

Low nitrogen use efficiency (NUE) was reported in a vast area across China (9, 10). The main

cause of the low NUE is the widespread overuse of nitrogen. A more recent study indicated that

the mean value of synthetic nitrogen use efficiency in cereal crops (rice, wheat, and maize) in

China is only approximately 30%. This value is less than the global average of 33%—
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comparable to an average value of 29% found in developing countries but considerably lower

than the average value of 42% in developed countries (11).

Most of the cereal crop harvest area of China is located in eastern, central, and southern parts of
the country (see Figure 1) (12). NUE values lower than 30%, primarily due to a significant
overuse of synthetic N, account for approximately 47% of the total country harvest area of these

three cereal crops.

Figure 1.
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Estimated overuse of synthetic N in cereal crops across China (12)

Environmental problems associated with nitrogen fertilizer use

Fertilizer N is lost due to gaseous plant emission, soil nitrification and denitrification,
volatilization, surface runoff, and leaching. Much of this loss is as the gases nitrous oxide (N>O),

nitric oxide (NO), and ammonia (NH3) emitted to the atmosphere. Of increasing concern is N,O
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due to its potent impact on global warming. It is 298 times more powerful than carbon dioxide
(COy) in terms of global warming potential. Of global anthropogenic missions in 2005,
agriculture accounts for about 60% of N,O (13). Given the 32% share of global N consumption
in China, the synthetic fertilizer N-induced N,O emissions may amount to as much as one-third
of the world total. Moreover, the production and distribution of synthetic fertilizer N results in the
additional release of CO; in an amount roughly equivalent to that of the direct emission of N,O

(in terms of global warming potential) (10).

Overuse of N fertilizer has already induced significant acidification in major Chinese croplands.
From the 1980s to the 2000s, soil pH has declined across China by from 0.13 to 0.80 pH units
with the anthropogenic acidification driven by N fertilization 10 to 100 times greater than that
associated with acid rain (14). Soil acidity associated with aluminum toxicity and low contents of
exchangeable basic cations usually limits crop yields (15). Thus the acidification of soils from
the use of excessive levels of N fertilization will no doubt negatively impact future sustainable

crop production in China.

Excessive use of synthetic N has resulted in higher atmospheric N deposition and in higher N in
agricultural runoff. There are now large regions of China where the N deposition rates range
from 10 to 60 kgN ha' year” (16). This is significantly greater than the global average of 3.5
kgN ha" year™ (17). Nitrogen deposition, together with agricultural runoff, increases nutrients in
water bodies, resulting in eutrophication and harmful algal blooms. Taihu, the third largest
freshwater lake in China, serves as a critical source for drinking water and agricultural irrigation
as well as for fishery and recreational needs. In early June 2007, a bloom of cyanobacteria
fanned out across Taihu (18), leading to a drinking water crisis for millions of people. The
eruption of this bloom in Taihu is mainly attributable to high atmospheric N deposition and
agricultural runoff (18, 19). Blooms in the Yellow Sea of China, which have escalated in

frequency over the past several decades, have also been related to atmospheric deposition (20).

The primary anthropogenic N source in groundwater is leaching from agroecosystems, although in
some regions human waste disposal can also be important. Nitrite levels in groundwater are often

high in China (21, 22) and are generally correlated with the rate of use of nitrogen fertilizer (23).
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The overuse of N fertilizer inevitably leads to an increased risk to public health. Nitrate content
in ground and drinking water found in 37 of 69 locations covering an area of about 140,000
square kilometers in northern China (24), and in 46% of 600 groundwater samples taken in the
provinces of Shanxi, Hebei, Shandong, Tianjin, and Beijing (25) exceeded the World Health
Organization (WHO) limit for nitrate content in drinking water of 50 mg per liter. Public health
agencies have long recognized that excessive nitrate in water can sometimes lead to a fatal
condition in infants (26). Nitrosamines, which are produced from nitrites and associated with

various human cancers (27), have also been observed in ground and drinking water samples (28).

There is evidence that increases in synthetic N fertilizer use reduce plant resistance to insect
pests (29) and tend to enhance insect pest populations. The increases in populations of major
insect pests in most of the rice growing areas in Asia are closely related to the excessive
application of nitrogen fertilizers (30). A range of crop pathogens, including fungi, bacteria, and
viruses, also cause more severe damage when N inputs are high (31). The cropland area exposed
to diseases and pests infestations in China increased from ~230 million hectares (Mha) year™ in
the early 1990s to ~345 Mha year”' in the mid-2000s, although this trend cannot be attributed to
excessive application of nitrogen fertilizers alone. Annual application of pesticides increased
from ~0.77 million tons in 1991 to 1.62 million tons in 2007. Consequently, pesticide resistance
has become a ubiquitous problem, as have the environmental and human health threats

associated with pesticide transfers to air, water, and soil.

Take action against the overuse, no time to delay

It is well recognized that nitrogen use efficiency can be improved by matching temporal and
spatial N supply with plant demand, applying N fertilizer at or near the plant roots, balancing
nitrogen, phosphorus, and potassium fertilizer application, and using nitrification inhibitors and
controlled release N fertilizers. On a national scale, improving NUE in cereals crops (rice, wheat,
and maize) by 1% could reduce by 220,000 tons the synthetic N used per year. Improving NUE
to 40% is expected to cut 4.4 million tons of synthetic N used per year, accounting for 27% of

the total fertilizer used (10).
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Chinese scientists have made considerable progress in devising improved N management
practices to limit N overuse, but uptake by farmers has been limited by technical, institutional,
and socioeconomic factors. For example, many young farmers now leave the countryside for
construction or factory jobs in the city after sowing their fields. That means they don’t have time
to apply nitrogen in multiple doses. Other farmers are simply unwilling to risk cutting back
fertilizer use for fear of reducing crop yield (32). Another reason some farmers overuse N
fertilizer is because they simply lack knowledge about nutrient management and environment

protection.

Overuse of synthetic N fertilizers used to be common practice in many developed countries, but
this situation has been improved. In the United Kingdom, for example, the overuse of synthetic
N fertilizers was widespread in the 1970s and early 1980s, with serious environmental
consequences. Since then, policy and regulatory changes have brought about improvements in
nutrient management and agricultural technology that have resulted in stable or decreasing rates
of synthetic nitrogen fertilizer use, while cereals yields have gone up (32) (see Table 1, Western
Europe, above). Clearly, China now has a chance to follow the same path as the United Kingdom

and other developed countries.

Reducing N fertilizer use is urgent in order to mitigate the risk of environmental pollution and
human health threats in China. This could be accomplished through stringent policies of fertilizer
regulation, recommendations of improved N management practices for the farmers, training and
education of farmers on nutrient management, and public awareness of environment protection.

China needs to take action. There is no time to delay.
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