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Closing yield gaps in China by empowering

holder farmers

Weifeng !hang“ Guoxin Cao1 * Xiachnl. 11 , Hongy: anfhang Chun,gWang Quanging Liv?, Xinping Chen!, Zhenling Cui!,

Jianbo Shen!, Rongfeng Jiang!, Cuohua Mi!

Sustainably feeding the world's growing population is a challenge %,
and closing yield gaps (that is, differences between farmers’ yields
and what are attainable for a 1 given region)** is a vital sl.rnlegy
to address this challenge™*”. The magnitude of yield gaps is
particularly large in developing countries where smallholder
farming dominates the a; tural landscape®”. Many factors and
constraints interact to limit yields"**'", and progress in problem-
solving to bring about changes at the ground level is rare. Here we
present an innovative approach for enabling smallholders to achieve
yield and economic gains sustainably via the Science and Technology
Bnclmlrd (STB) platform. STB involves agricultural scientists living
in \dllagts among farmers, advancing participatory innovation and
technology transfer, and ering public and private support. We
identified multifaceted yield-limiting factors involving agronomic,
infrastructural, and socioeconomic conditions. When these
limitations and farmers’ concerns were addressed, the farmers
adopted recommended management practices, thereby improving
production outcomes. In one region in China, the five-year average
vield increased from 67.9% of the attainable level to 97.0% among,
71 leading farmers, and from 62.8% to 79.6% countywide (93,074
households); this was accompanied by resource and economic
benefits.

Closing yield gaps could potentially double global food output®™,
substantially enhancing food security. In low-input, low-output areas
such as sub-Saharan Africa, considerable yield gains may be achieved
by increasing nutrient and/or water inputs' >, However, there are areas
{for example, in India and China} where inputs are already high or
excessive, yet yield is substantially below the attainable level, leading
to poor resource-use efficiency and environmental consequences' "
For example, the land in Quzhou County (450km south of Beijing) is
irrigated and overuse of nitrogen fertilizer (M) is common, but wheat
and maize yields (the main crops) are less than two-thirds of those at the
Iocal Experimental Station {the de facfo attainable yields; see Methods;
Supplementary Table 1). Although knowledge and technologies are
available for high-yield, high-efficiency praclisr:s’, it is important
to establish how: in meaningful scales beyond research-oriented exper-
iments, to equip smallholders with these technologies and enable them
to achieve greater performance.

Science and Technology Bac ards were established in Quzhou
County n 2007 ( Extended T¥ata Fg. 1), and staffed with professors
and graduate students from China Agricultural University. Living in the
villages and working with farmers, we carried out research—education
extension activities that centred on technology-transfer and enabled
smallholders to achieve higher returns with better environmental stew-
ardship (Fig. I; Supplementary Table 2). Here we report the processes,
outcomes, and lessons from these studies.

We first determined the factors that contributed to the yield gaps
by surveying 150 farmers (Extended Data Fig. 2) and conducting

, Yuxin Miao', Fusuo Zhang! &]hc‘m:uaDuu]

55 single-factor experiments (see Methods). A number of factors were
identified, each exhibiting a 5% yield gap (Fig. 2; Extended Data
Table 1), as described below.

Crop variety contributed to a yield gap of 9.4% (wheat) and 19.8%
{maize; Fig. 2). Many farmers were using seed varieties that were not
locally well-suited. Plant density was also shown to be important:
wheat over-seeding had a yield gap of 6.3%; maize under-seeding
led to a 20.6% yield gap (Fig. 2). The management deficiencies can
be attributed to farmers’ lack of knowledge, their risk-aversion ten-
dency, and market confusion (that is. too many products and little
help; Methods. Extended Drata Fig. 2). Furthermore, deep tillage had
a yield advantage of 5.8% for wheat (Fig. 2). The recommended deep
ploughing (25 cm) to break the dense soil pan (at 12-15 cm depth,
formed as a result of several decades of rotary tillage) for improved
productivity and nutrient and water efficiencies'® was adopted by few
farmers because of ill-matched plough-cutting width (4 m) against
the fields (5-6 m strips).

Time constraints were also found to affect yield. Proper sowing time
had a yield advantage of 6.3% {wheat) and 15.0% (maize; Fig. 2). Most
of the farmers failed to sow within the recommended time window,
mainly owing to labour constraints (many are part-time farmers, and
hold additional jobs in nearby cities').

Irrigation infrastructure is another issue. A single well serves
6-8 ha belonging to dorens of farmers; switching pumps and pipes
between farmers (no facility-sharing scheme) delays field operations.

FPrivate sarvices

Figure 1 | A schematic illustration of the function of 5TB. 5TE 15 a b
that connects the sclentific community with the farming community

o faciiitate Information exchange and Innovation. Sclence-based
management technologies are browght by STE =taff and discussed with
leading farmers, the latter provide feedback which 1s then addressed.
resulting In farm-applicable recommendations. Leading farmers test and
adopt the recommended practices and extend them together with STE staff
to other farmers. Through the hub, government and agri-businesses also
engage and improve their services.

Calkoge of Resourmes & Environmantal Sekincas, Kay Laberatory of Plant Sail Intsracsons, Minkry of Ecucation, China Agricubural Unharsty, Bofing 100193, China, fisssmas of Rasourres &
Envirenms ntal Scisnas, Hebel Acadsrry of Agricuituss and Fomsiry Scencss, Shifazhusng 050051, China 2anter for Animal Heal and Precuctivy, Scheal of Vaterinary Medicing, Unharsity of

Panngrvankz, Kennes Squam, Pemnsyhania 19348, US4
* Thazs: authors cosiibuied equally be this werk.
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Chinese agriculture:

An experiment
for the world

China’sscientists are using a variety of approaches to
boost crop yields and limit environmental damage,
say Fusuo Zhang, Xinping Chen and Peter Vitousek.

Chriogher | M. Wty s b

An experiment
for the world

China's scientists are using a variety of a wrn.mhn(u
Doost crop yiekdsand limit environmental damage,
say Fusuo Zhang, Xinping Chen and Peter Vitousek
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Name

Major

Personal
tutor

Project title or idea

Supervisor

ZHAD Dan #57 Mechatronic Engineering DA Panoramic visual SLAM---Track relative position of camera based on natural
Vision marker

WANG Shan Ef Mechatronic Engineering SWAMNE | Real time tracking of tracker on web-farming.com

ZHAD Liting #7748 Mechatronic Engineering SWANE | Local positioning system using fiducial markers

Technology

ZHANG Meng 3k &8 Mechatronic Engineering sSP The evaluation and application of sensor tag for monitoring system
DONG Binbin B #:## Agricultural Engineering Measurement of litter moisture in poultry buildings using RFID tags
WANG Jia £F Computer Science and ™ Tracking and automatic control on chickens

LIU Tong xIf Vehicle Engineering RCPG Design of a hydrostatic transmission system for rural work machinery
SHI Guihua JTfETE Vehicle Engineering RCPG Hydraulic steering system design and control for rural work machinery
YANG Yuejing iz 155 Vehicle Engineering G Application of camera and LIDAR fo object tracking, 3D recognition of

occluded fruit

LIANG Yunlin $£533% Vehicle Engineering 5B Definition and test of robotic hehayiours in SAFAR
GE Yuanyue &7 H Vehicle Engineering TU Program SAFAR hardware in Autocode on Raspberry Pl
XIONG Ya BB Mechanical Engineering GR High speed gimble system for visual seryoing,

WANG Zhengyi £E— Mechanical Engineering DC Local positioning system using fiducial markers
LI LjiZE Agricultural Mechanization SWOODS | Seed depth survey and control for rapeseed
YU Zhou s/ Vehicle Engineering e A high precision and long-range ultrasonic sensor for detection

in automotive applications
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