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Preface

Surface fertilization irrigation has been widely applied in agricultural production
practices due to its simple, economical, and practical properties. In surface fertilization ir-
rigation, the water and fertilizer distribution uniformity along the field surface can directly
affect the nutrient distribution in crop root zone, which depends not only on irrigation
water uniformity but also on fertilization distribution uniformity. As a result, extensive
surface fertilization irrigation strageties will inevitably lead to uneven fertilizer distribution
and deep percolation loss, and therefore low fertilization performance and potential damage
to the soil and water environment of farmland.

To achieve accurate performances and effects of surface fertilization irrigation, and to
continuously improve the design and management of surface fertilization irrigation system,
it urgently needs to conduct research on the theory and method on surface water flow and
solute transport, enrich relevant theory and method, develop corresponding mathmatical
model, and construct and improve relevant numerical solution, so that to provide support
in the optimal design, performance evaluation, as well as identification and selection of
operation and management strategies of surface fertilization irrigation system for the
ultimate target of improving irrigation water use and fertilizer application efficiency and of
reducing farmland pollution.

The authors of this book have been focusing on the theory and simulation of water
flow and solute transport in surface fertilization irrigation over the past years, and deeply
and systematically devoting themselves to field experiment observation, theoretical
mechanism exploration, simulation model development, numerical simulation method con-
struction, simulation analysis and performance evaluation about surface fertilization
irrigation based on recent research projects, including the National High Technology
Research and Development Program Projects of “Laser- control land leveling and precise

surface irrigation equipments ( 2006AA100210 )” and “ Precise surface irrigation
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technology and equipments (2011AA100505)" as well as the National Natural Science
Foundation Projects of " Study on the effects of the spatial variability of micro-topography

n

and infiltration on irrigation performance (50909100 )", “Study on the water- fertilizer

coupled simulation method in surface- subsurface domain under basin irrigation with

"

conventional fertilizer application (51209227)" and “Study on 2-D irrigation water flow

characteristic and basin layout mode with precise land leveling (51279225)". Based on
the combination of experiment observation, theoretical analysis and numerical simulation,
the authors enriched and developed the mathematical-physical theory and numerical method
on water flow and solute transport in surface fertilization irrigation, created the simulation
technology and method for unsteady surface water flow based on the mathematical type
modification of Fully-Hydrodynamic Equation, and construct the fully-coupled models for
surface water flow and solute transport in both basin fertigation and basin irrigation with
conventional fertilizer application. Moreover, the models developed above had been
applied to simulate the impact of the technological elements in basin fertilization irrigation
on fertilization performance, and to determine the optimal combination of these
technological elements. Overall, four major innovations had been achieved as follows .

(1) Based on a novel perspective of basic physics and geometry, existing theory and
method on surface water flow and solute transport in basin fertilization irrigation were
enriched, and the corresponding mathematical model and its numerical solutions were
effectively improved, thus providing mathematical- physical basis and simulation method
for scientific characterization and numerical solution of surface water flow and solute
transport processes in basin fertilization irrigation.

(2) Based on the thinking of changing the mathematical type of the partially
differential equation, a surface irrigation mathmatical model and its numerical solution on
the basis of conserved/non- conserved Fully Hydrodynamic Equation with hyperbolic-
parabolic hybrid structure were first established and an anisotropic roughness model was
developed, and the technical difficult problems in the hypothetical conditions of initial
water depth, dry-wet boundary and isotropic roughness were totally overcome and tackled ,
thus providing reliable numerical solution tools and means for simulation of surface water .
flow and solute transport in basin fertilization irrigation.

(3) Based on a conception across typical characteristic scales, a fully-coupled model

to simulate surface water flow and solute transport in basin irrigation with conventional
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fertilizer application was constructed, and meanwhile a fully- coupled model to simulate
“surface water flow and solute transport in basin fertigation was developed, thus providing
reliable support for the optimal design and performance evaluation of basin fertilization
irrigation system.

(4) Based on the definition of non- uniform conventional fertilizer application
coefficient, the developed fully- coupled models as mentioned above were applied to
evaluate the fertilization performance and to determine the optimal scenarios and phase
domain of the technological factors in basin fertilization irrigation, thus providing basis for
parameter selection in the optimal design and operation management of basin fertilization
irrigation system.

The following colleagues contributed to this work: Li Fuxiang, Shi Yuan, Wu Caili
as well as Yu Fei, Liang Yanping, Li Zhixin, Dong Qinge, Liu Shanshan, Zhang Kai.
The authors are grateful to Professor Jin Sheng of Dalian University of Technology and
Professor Yu Xiping of Tsinghua University. The authors would also like to thank the
irrigation districts in Hebei province, Beijing Daxing Water Resources Bureau, and

Xinjiang Production & Construction Corps.
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