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Abstract

According to various definitions of sustainable agriculture, we’ve got a rough understanding of it,
which requires not only feeding huge population on limited croplands, but also not compromising the
productivity of the next generation. Nowadays, sustainable agriculture has drawn worldwide attention,
in spite of the fact that relevant practices are more in the bud. China, as a historical country with a
profound history of agriculture, is attaching great importance to it. Nevertheless, due to the
diversification of weather conditions and the deep economic and social gaps between different regions
in China, this topic becomes even more complicated. Therefore, this article will mainly focus on
sustainable agriculture in North China, based on a comprehensive investigation of a rural village in
Hebei Province, China. Current situations along with barriers and dynamics will all be listed below.
Among all the factors, apart from agricultural practices including crop rotation and green manure
management, the decrease of labor forces and alarms China at an unprecedented level. This paper will
deliver you a basic understanding of China’s distinct situations, and discuss common challenges and
solutions targeting maintaining sustainability.

Introduction

Sustainable agriculture is commonly defined as the kind of agriculture that is capable to meet food
demand but does not jeopardize the food security and general welfare of the next generation. (G.
Philip Robertson, 2015) Nowadays, agricultural stakeholders have asserted the need for sustainable
agriculture, while the intensification has already triggered an array of problems. China is a historical
country famous for profound history of agriculture, but currently cannot be called an advanced
country in agriculture, making it critical for China to seek practical methods targeting this topic. This
paper will analyze those already-existing practices in the regional scale as well as possible initiatives
for future development.

Unlike some other countries in the world with unitary conditions, China reveals a more complicated
environment caused by China's vast territory, diversity of climates, as well as its complicated
physiography and different levels of economic development, thus making it impossible to conclude all
the distinct factors. Therefore, this paper selects a typical village, Beiyan Village, Yuanshi County,
Shijiazhuang, Hebei, China. This village is a traditional agricultural area, located on the plain in the
northeast part of China with temperate monsoon climate. One local family is selected as our case. It
includes 6 members, two of them over 65, two working in the city of Shijiazhuang, and two teenagers.
The diet of this family is generally balanced, taking in grains (rice and noodles most), meat,
vegetables, sugar, oil, etc., despite the fact that they feed on few varieties of vegetables mainly from
their own croplands, which in a way represents the current phenomenon of Chinese farmers. There are



usually only three people staying home, while the two middle-aged go out for a higher salary in
support of the whole family, taking the 16-year-old girl with them. The old hence shoulder the
responsibility of tilling and taking charge of the croplands. The 10-year-old boy goes to school in the
village and helps grandparents do farming when available. All members enjoy the health insurance
provided by government at a rather low price. Personal clinics are widespread, ranging from
individual houses to standardized places.

In the village, croplands are distributed separately, each family owns their isolated areas, ranging
from 3 mu to 20 mu. The case family holds totally 5 mu croplands, growing wheat and corn
alternatively, representing the circumstance of almost the whole village’s agriculture mode. With the
development of technology and implementation of high-efficiency machines, farmers are no longer
tied tightly to the fields. Along with technical revolution, sustainable practices have long been put into
use, including crop rotation, reducing pesticide and fertilizers, etc. Nonetheless, machines are not used
by every single family. In fact, there is only one large-scale harvester and two seeding machines in the
whole village. As for animals, one interesting phenomenon is that almost every family possesses a
pigsty, but pigs rarely exist in the village, because of pig illnesses to a large extent. Instead, chickens,
sheep and cows are common there.

Fertilizer and pesticide use

As is universally acknowledged, appropriate fertilizer use contributes to yields but also badly
influences sustainability and capability of soil if it exceeds the requirement. According to data
released by China’s Ministry of Agriculture, more than 40% of total arable lands are degraded
because of soil run-off, acidification, impoverishment and salinization. Soil quality is concerning
people, with low quality arable land occupying 17.7% of total lands. (Figure 1)

However, local farmers treat fertilizers as imperative, coupled with limitless pesticide use, contributed
to the fact that they rely their yields on those external inputs too much. The practices that they are
currently employing are mostly based on past experience rather than modern knowledge and
experiments, thus triggering overuse. Agricultural Sciences researcher Xu Minggang pointed out that
soil internal fertility in China only contributes to 50% of crop yields, 20-30% lower than developed
countries. It is so alarming, for this may lead to a vicious circulation where farmers keep increasing
the use of fertilizers and pesticides as the result of field depletion and degradation caused by those
practices, and thus exacerbates the seriousness of current situation, adding difficulty absorbing water
and ingesting needed nutrients for crops. Using pesticides is seemingly beneficial for farmers, as they
see less yield loss and less hard work for them. The awareness of pesticide harm to human health has
not been raised at a standardized level. Among 20 local families interviewed, the most common
reason for using extra chemicals is to prevent risks for commercial crops. Even vegetables and fruit
they grow for themselves in a small scale are coupled with overused fertilizers and pesticides. It is to
be noticed that some certain farmers inclining to use more pesticides intends to prevent neighbors’
animals from eating their crops. What’s more, the government provides aid for farmers to purchase
agricultural essentials, effectively releasing their economic pressure, and showing considerable yield
rewards in comparison to fertilizer and pesticide inputs.



In thus summarizing all these current situations, | don’t mean to paint the future dark. On the contrary,
things are just being gradually improved, mainly contributed to rotation and green manure
management which improve soil quality, capability, and ultimately, sustainability.

PROPORTION

Figure 1(data from Ministry of Land and Resources of the People’s Republic of China)
Crop rotation, tillage and straw returning

Crop rotation is the successive cultivation of different crops in a specified order on the same fields, in
contrast to a one-crop system or to haphazard crop successions. (the Editors of Encyclopadia
Britannica, 2013) The consensus of adapting crop rotation could date from ancient times when
ancestors discovered that rotation increased yields and made best use of weather. Actually, the
benefits are far more than that. From rotation, the soil can remain fertile, as various crops absorb
different nutrients, thus preventing deficiency of certain nutrients and leaving soil enough time to
replenish. Legumes can directly supplement Nitrogen in the soil, too. It reduces pests by altering
environment that is not favorable for them to thrive. It also contributes to improvement of soil
structure by alternating between crops with deep roots and those with shallow roots.

In North China, precipitation is unevenly distributed, concentrated from June to August, leading to
drought in the rest of time and flooding during summer, with an average annual precipitation of
525.3mm. (People Daily, 2012) Due to the deficiency of water supply, farmers there select wheat as
their main crops rather than rice which is widely grown in southern China. Because of temperature
and precipitation, farmers there can only harvest twice annually. In Beiyan Village, people tend to
plant winter wheat around October 5" and harvest in June. After 15 days’ fallow, farmers will sow
summer maize seeds and harvest after four months. There is always green manure left after reaping
the crops. Former practices are either burning it or leaving it randomly in the roads or fields. But
currently, farmers there have reached a consensus that green manure is beneficial for subsequent
crops. With the assistance of agriculture machines, local farmers are now adopting an effective tillage
mode, consisting of deep tillage, subsoil tillage and straw returning. Deep tillage and subsoil tillage
both decrease soil density, raising its capability of receiving and storing water. They help crops root
and absorb deeper nutrients in the soil, too. Straw returning cuts down water evaporation by covering
the topsoil, particularly during fallow periods. They operate jointly to reduce soil bulk density, while



improving water efficiency and grain yields. (Table 1-3) There is also a significant interaction
between the tillage system and straw returning, especially in water consumption. (Table 4) For
example, the interaction of deep tillage increases total water consumption by 3.3%, growing period
consumption by 4.2%, but decreases consumption in the fallow period by 7.0%, therefore increasing
yields by 18% and water efficiency by 15.9%.

Considering the characteristic of maize straws that is tall and stiff, they use machines to smash straws
of maize and in the meantime turn them into soil by deep tillage, which reaches approximately
20-40cm in the soil (average of the North China is15-19cm, 3-7cm shallower than standard of 22cm),
decreasing soil bulk density by 7.4% and increasing water efficiency by 2.2% based on the
experiments of Zhao, et al. This will additionally provide a fertile topsoil for following wheat with a
large share of required nutrients, thus improving yields and decreasing extra fertilizer use.

On the other hand, owing to the genetically modified technology and long-term selection, the wheat
they grow is comparatively lower and pliable. Therefore, farmers no longer wipe out those manures
and instead directly leave them in the field. When it comes to planting maize, farmers sow seeds in
the clearing among manures. This initiative poses benefits for farmers and arable fields. Firstly, green
manures act as a natural competitor for weeds, scrambling for sunshine, water, nutrients, and other
essentials, hence restricting weeds’ thriving, which ensures crop’s requisite conditions. Secondly,
manures are much less capable for pests to settle and thrive, but more attractive for useful insects and
pollinators. (David Chadwick, 2015) This will effectively reduce the use of pesticides and therefore
maintain biodiversity and crop quality. Thirdly, those remaining manures root deeper in the soil, and
hence promote the process of loosening soil prior to human’s interference. This practice also
contributes to the transmission of underground water. Fourthly, this initiative has similarity with
“cover crop”, which is planted intended for covering the soil, maintaining soil quality and prevent soil
run-off, depletion and degradation. (Fawce, Jim; Sievers, Josh; Roush, Wayne; and Lang, Brian, 2014)
However, local farmers don’t have to pay extra money for purchasing cover crop seeds.

All in all, tillage with straw returning is the most appropriate tillage practice in North China.

Table 1: Effects of tillage and straw returning on soil bulk density(g-cm™)

Soil 2010-2011 2011-2012
Crop | depth Treat Mea Mea
ment | CT | DT | ST CT | DT | ST
(cm) n n
AS 14;2 122 1123|123 |120 119|121 1.20
0-10
Wint NS 152 124 | 134 | 1.24 | 122 (122|123 | 122
er
whea AS 1%2 123|124 | 125 (124 (121|122 | 122
t 10-20
NS 1: 125|125 1.26 |1.27 | 1.24 | 1.23 | 1.25
20-30 AS 14 137 | 11 | 142 | 147136138 | 140




7
1.4
NS 8 141 | 144 | 144 | 150|138 | 1.40 | 1.43
1.4
AS 9 140 | 143 | 144 | 151|139 | 142 | 1.44
30-40 15
NS 2 145 | 145 | 147 | 153|144 | 144 | 1.47
1.2
AS ; 126 | 1.26 | 1.26 | 125|123 |1.24 | 1.24
0-10 13
NS 0 129 |130| 1.30 | 127 |125|1.26 | 1.26
1.3
AS 5 127 | 129| 1.29 | 128|123 |1.26| 1.26
S 10-20 13
um NS ' 130|131 1.32 | 133129130 1.31
mer 5
maiz 15
o AS 1 1.40 | 143 | 144 | 149|138 | 140 | 1.42
20-30 15
NS 2 143 | 146 | 147 | 152|140 | 142 | 1.45
15
AS » 143 | 145| 147 | 150|142 | 14 | 1.45
30-40 15
NS 2 146 | 1.49 | 149 | 151|145 |1.47 | 1.48

AS: All straw returning, NS: No straw returning, CT: conventional tillage, DT: Deep tillage, ST:
Subsoil tillage. The same as below.

Table 2: Effects of tillage and straw returning on water use efficiency(kg-hm?-mm™)

2010-2011 2011-2012
Crop | Treatment

CT | DT | ST | Mean | CT | DT | ST | Mean

_ AS | 344 | 350 | 359 | 351 | 328 | 354 | 36.1 | 348

Vx:]ztaetr NS | 308 | 343|337 | 330 | 309|324 | 320 | 318
Mean | 32.6 | 34.7 | 34.8 31.9 | 33.9 | 34.0

AS | 117 | 127 | 128 | 124 | 206 | 234 | 221 | 220

Summer e 1116 | 117 | 101 | 115 | 202 | 22.2 | 208 | 214
MaZe ™ " Mean | 116 | 12.2 | 12.0 204 | 228 | 215

AS | 227 | 248 | 247 | 241 | 26.7 | 294 | 291 | 28.4

V;’:;’:e NS | 212 | 237 | 224 | 224 | 256 | 27.3 | 26.4 | 26.4
Mean | 22.0 | 242 | 23.6 264 | 28.4 | 27.8

Table 3: Effects of tillage and straw returning on grain yield of winter wheat and summer
maize(t-hm-2)

2010-2011 2011-2012
CT DT ST |Mean| CT DT ST | Mean

Crop | Treatment

Winter AS 7.8 8.3 8.6 8.3 115 | 125 | 12.7 | 12.2




wheat NS 68 | 80 | 79 | 76 | 107 | 113 | 111 | 111
Mean | 73 | 81 | 83 111 | 119 | 11.9
AS 62 | 72 | 71 | 69 | 68 | 78 | 78 | 75
Summer
. NS 62 | 63 | 64 | 64 | 67 | 74 | 70 | 70
malze
Mean 6.2 7.0 6.8 6.7 7.6 7.4
Whol AS 140 | 156 | 158 | 151 | 183 | 203 | 205 | 19.7
e;)re NS 130 | 147 | 143 | 140 | 174 | 188 | 181 | 181
y Mean | 135 | 151 | 15.0 178 | 195 | 193

Table 4: Effects of tillage and straw returning on water consumption amount(mm)

. 2010-2011 2011-2012
Period | Treatment

CT DT ST | Mean| CT DT ST | Mean

_ AS | 758.9 | 806.2 | 794.7 | 786.6 | 679.5 | 686.8 | 685.5 | 683.9

Grov.v'gg NS | 755.3 | 806.2 | 811.2 | 790.9 | 675.8 | 684.1 | 700.0 | 6855
perto Mean | 757.1 | 806.2 | 802.9 677.7 | 685.4 | 692.6

AS 607 | 602 | 582 | 59.7 | 43.8 | 436 | 423 | 43.2

';:'r'i(:’(;' NS 644 | 62.8 | 63.0 | 634 | 471 | 459 | 459 | 46.3
Mean | 625 | 615 | 60.6 454 | 447 | 441

AS | 8106 | 866.4 | 852.9 | 8463 | 723.3 | 729.7 | 727.8 | 727.0

V;’:aor'e NS | 8197 | 869.1 | 875.2 | 854.3 | 723.0 | 730.0 | 745.6 | 732.8
Mean | 8196 | 867.1 | 863.5 7231 | 729.8 | 736.7

Table 1-4 Selected from Zhao Y L, et al. "#H{E 77 20 S FEFFIE H X 4 /N2 - FOKAE K R K 43
MR R gem." o [ 7l #1457 47.17 (2014): 3359-3371

Water utility

China has long been suffering from water scarcity, and agriculture in Hebei Province is especially
restrained by the deficiency of water. According to the World Bank, China has renewable internal
freshwater resources of 2,071 cubic meters per capita, well above the UN definition of water scarcity as
1,000 cubic meters per person. But China’s water resources are not distributed equally. According

to Choke Point: China, nearly 70 percent of water used in China goes to the agriculture sector, which is
concentrated in the north which also happens to be an area of scarce rainfall, receiving only 20
percent of China’s total moisture. In northern China, the average water per capita is only around 200
cubic meters.

However, local practices are still flooding, which seriously reduces the storage of underground water
and keeps adding challenges for maintaining water supply. The reasons can be divided into two main
aspects. On the one hand, water in the case area is free because water plants are not delivering water
due to high transport prices and high infrastructure costs. Therefore, water source comes from local
wells and fetch water on a regular basis. One the other hand, farmers are economically restrained from
upgrading water infrastructures and inwardly restricted from realizing the seriousness of such
practices.



In view of this situation, local government attaches great attention to deal with water wastes in
agriculture, and is continuously paying for rural water infrastructures. The process of building
pipelines for drop irrigation and spray irrigation in Beiyan Village began in early 2016, after the
completion of neighbor areas. Till now, the pipelines are almost completed, and will formally be put
into use on October 1%. Although conservative practices are gradually employed, the fact that wheat is
in great need of water cannot be changed. The government has come up with an array of policies to
control the production of wheat in Gaoyi County neighboring Yuanshi County.

Additionally, we find another phenomenon that requires immediate attention. The wells are relatively
far from some certain families, driving it impossible to fetch water every day. As a result, they store
enough water for 10-15 days at one time, which makes water quality concerning, crude storage
reservoir and disinfection exacerbating the problem.

Labor forces

Any practice is based on individuals, and all the endeavor we make is ultimately to improve people’s
welfare, especially in agriculture-related issues. Due to domestic large population and limited
croplands, whether existing agriculture practices are capable to meet people’s demand depends more
and more on labor productivity. There is already a contradiction between the lack of arable lands and
increase amount of idle farm lands.

Nowadays, with speeding trend of urbanization, labor forces are flowing away at an alarming speed.
As what is mentioned in the case family, the two middle-aged are seldom at home, except on certain
crucial days when seeds are sowed or crops are reaped. Only at that time will they ask for 2-3 days’
off, and rush back to the factories they are working for. This leads to the circumstance that permanent
labor forces are mostly old people, and their productivity is comparatively low. Even those
middle-aged who remain in the village don’t entirely devote into agriculture. Instead, they treat
agriculture as an insurance, from which they can ensure the basic need for living, or just an avocation.
They will also seek outside working opportunities, and it is probable that once they find jobs in the
urban areas, they will immediately join in the unity that is called “migration workers” of total 227.47
million people. 26.77% rural labor forces have the experience of working outside, while 40.62% tend
to work in the city in future. (China Labor-force Dynamics Survey, 2015) Children and teenagers are
rooted in mind with the awareness that only study can change their life, Gaokao is the entrance for a
brighter future. Therefore, families attach their sincere hope to children, liberating them from fields,
and supporting them finish high school. In view of poor education environment in the village, parents
struggle to take their children to advanced cities for a better education opportunity. Once they are
admitted by universities, the young adults are not willing to return to croplands, causing the flow
away of highly educated labor forces. All these above trigger current rural labor tendency of aging,
feminizing, and low educated.

Targeting relevant problems, the government should take more actions to improve the situation.

Firstly, government should enhance the subsidy for local farmers to support their family. The main
reason why labor forces are rushing out is that single agriculture is far deficient for a big family



usually consists of 6-8 members, 2-4 of them children, contributed to the traditional sense of boy
priority. Moreover, government should attach importance to infrastructure development, providing
access to clean and safe water, entertainment places, comprehensive shopping malls and so on to
attract residents, and attract people working in the cities back.

Secondly, strengthen propaganda and promote education in the rural area to raise people’s awareness
of appropriate and environment-friendly tillage, emphasize the importance of cooperating with
government, and satisfy education need for rural children. Government is supposed to set rewards and
subsidized prices for green practices’ purchase, and establish regular free classes and lectures
intended for farmers. With the proceeding of Internet revolution, farmers should master basic
knowledge of Internet, an access to outside markets, getting timely information of agriculture
production and consumption. On the other hand, to maintain education resources and bridge the gap
between rural and urban areas, pertinent polices are already playing their role. Teachers who teach in
the village get higher salary compared to those working in the county or town. Many national
enterprise positions require the experiences of working in rural areas for at least one year. Another
long-term policy is that graduates who apply for agriculture, forestry and fishery related majors don’t
have to pay for tuitions. All of these initiatives are designed to reverse the situation, but there’s still a
long long way to go.

Rural land system under the household contract responsibility system

Since 1978, China began to implement the household contract responsibility system, which
determines the characteristic of farming, separate. This is an innovative approach, strongly
stimulating farmers’ productivity. Nowadays, this is still playing its role, but faces new challenges
exacerbated by resource and labor scarcity. The separate croplands add barriers for large-scale
machines to operate efficiently, and cannot reach scale merit, making it essential to change the
operation mode. Farmers in the village voluntarily cooperate for a joint larger scale where they grow
the same kinds of crops and then distribute harvest according to proportion of inputs set before.
Members are expected to share related techniques, machines, labor forces, fundamental resources,
information, etc. This proposal will enhance the ability of dealing with underlying risks for
individuals, and promote machine operations. It will lead to waste reduction, thus resource
conservation. With enterprises entering the cooperation, farmers will have direct access to market,
selling to enterprises on the basis of contrast. Government’s aid will be more effectively, since a large
amount of funds aggregate. Assisted by enterprises, the adoption of new technology and instruments
is relatively acceptable.

Up to 2015, China’s remaining arable lands is 2.025 billion mu, approaching the redline of 1.8 billion
mu. (source from Ministry of Land and Resources of the People’s Republic of China) From
2010-2014, arable land shows a decreasing trend because of environmental damage and land
transformation. (Figure 2) Therefore, to prevent croplands loss, government should improve
supervision system and broaden access of public reflection to prevent croplands from being converted
to estate lands or other commercial lands, and control damage of natural disasters.
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Figure 2(data from Ministry of Land and Resources of the People’s Republic of China)
Conclusion

Sustainable agriculture requires comprehensive initiatives and prolonged joint efforts. Chinese
government is acknowledged of the urgent situation, and is endeavoring to alter inappropriate
practices, and develop an array of practical methods in the meantime. However, as a result of widely
distributed rural areas, some practices are just at the beginning, taking Beiyan Village as example.
After summarizing and analyzing all these factors above, here are some solutions worth spreading.
Keep selecting advantageous crops armed with modern technology like genetically modified
technology.

Based on scientific knowledge and traditional experience, implement crop rotation green manure
management and conservation agriculture.

Stimulate farmer’s enthusiasm and productivity by improving living conditions, welfare, education,
equality, etc. and guarantee enough labor forces on the fields. Raise farmers’ income consistently.
(Average income per capita is RMB 10772, data from Ministry of Agriculture in 2015)

Seek innovative ways to settle problems relevant to separate farmlands and prevent arable land loss.

Although there is still a long way to go, with appropriate methodologies and implementations, |
believe sustainable agriculture is within our reach.
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