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Supported by the Science and Technology Program of the 6%, 7%, 8", and 9™ National Five-Year-Plan. the National
(China) Natural Science Foundation, and the “ 973” project, we conducted studies on soybean breeding for high photo-
synthetic efficiency in the past 30 years. The book summarized the achievements of our studies on biochemical and physio-
logical characterizations of photosynthesis in relation to yield, the genetic control of photosynthesis, and the principles of
inheritance and the genetic improvement of high photosynthetic germplasm. Relevant updates in this research field were
also included. This book consists of ten chapters. The main contents cover the current advances in the studies of the pho-
tosynthetic process, physiological and biochemical characterization of photosynthesis in soybean varieties of high photo-
synthetic efficiency, genetic control of photosynthesis and germplasm improvement, and etc. We showed that the increase
in soybean yield is mainly depended on the efficiency of solar energy capturing and transfer, the efficiency of CO, assimila-
tion and the high proportional distribution of assimilation products in seeds.

The book put forward a new idea on enhancing the C, analogous pathway in C, plants to increase photosynthetic effi-
ciency. We suggest that the potential of the C, analogous pathway in C, plant could be improved genetically.

The book also illustrated that soybean non-leaf organs possess intact photosynthetic structures and functions. To
achieve high yield, the photosynthetic functions of those non-leaf organs are functioning to increase photosynthetic effi-
ciency of the whole soybean plant.

In soybean breeding program, we successfully developed germplasms and cultivars of high photosynthetic efficiency,
including Ha79 — 9440, Ha82 - 7799, Heinong39, Heinong40, Heinong41, and etc. We also formulated physiological and
biochemical parameters for developing soybean cultivars with high photosynthetic efficiency as well as effective breeding
strategies and methodologies for high photosynthetic efficiency and high yield.

The book pointed out that many physiological functions can be integrated into soybean cultivars with high photosyn-
thetic efficiency by sexual crossing, artificial mutation, or genetic engineering. Increasing the expression of intrinsic C, en-
zymes may represent a new breakthrough to increase photosynthetic efficiency in C, plants.

The book is a reference to geneticists, plant breeders, and teachers and students in this field.
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Soybean i1s an important source of dietary oil and protein in China. In re-
cent years, the annual production of soybean in China is around 1. 8 million
tons, providing less than half of the national demand. It is impractical to ex-
tend the acreage of soybean cultivation. Therefore, major efforts should be
placed on the increase of unit production. Unit production of soybean in China
is only about 65% of that in the USA, suggesting a high potential for im-
provement.

Photosynthesis provides 90% of the yield of soybean. Enhancement in

the efficiency of absorption, transduction, and transformation of light energy

should be the foundation to increase unit production. Working toward this
end, breeders and physiologists from Institute of Soybean Research at Hei-
longjiang Academy of Agricultural Sciences and Institute of Botany at the Chi-
nese Academy of Sciences persistently and unyieldingly conducted their col-
laborated researches for more than 20 years. The combined efforts of re-
searchers from two generations and two research areas successtully produced

several soybean varieties (germplasms) exhibiting high light utilization effi-

ciency, including Heinong39, Heinong40, Heinong41l, etc. These varieties
have been popularized and contributed to the increase in the unique production
of soybean in China. I congratulate their achievements that led to a First Class

Award of Heilongjiang Science and Technology Advancement Award Scheme
in 2005.

This book summarized the difficult path and successful experience during
the long process of the trial and error attempt by the authors. Furthermore,
researchers in the field of agronomy and biological sciences could also be in-

spired in three aspects:



First: innovation and originality. There was no successful national or in-
ternational example for such breeding strategy twenty years ago when the re-
searchers launched this program. Without any prior footprint to follow, the
researchers bravely searched for new path. Step by step, they ultimately ac-
complished a workable model for breeding of soybean for high light utilization
efficiency.

Second: cross-discipline and deep collaboration. There were major differ-
ences in the research strategies, methodologies, and technologies between
breeding geneticists and crop physiologists. The participating researchers suc-
cessfully integrated their expertises. During the prolonged collaboration peri-
od, a strong team spirit was exhibited.

Third: breakthrough in science. The major breakthrough of soybean
breeding for high light utilization efficiency lied in the selection of high native
C, activities during early and late podding stages, together with other elite
traits to integrate into the breeding program. Such unprecedented success

should be exemplary to other crop breeding programs.
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Soybean has the highest production among all oil crops in China. It is also
an important source of dietary proteins for human consumption and husbandry.
At present, there is a large gap between the need and the supply of soybean in
China. In 2005, the locally produced and imported soybean totaled 1750 and
2659 million tons, respectively. The amount of imported soybean was 1. 5%
times of the local production. Following the actualization of a fairly prosperous
society in China, there will be a further increase in the national need for soy-
bean. Increasing production by expanding acreage is limited by the available land
resources. Therefore, the best strategy to fulfill the need of soybean is to in-
crease unit production.

About 90%~95% of the plant dry weight is coming from photosynthesis.
The products from photosynthesis determine the final crop yield. The key to in-
crease unit production is to enhance the efficiency of photosynthesis and coordi-
nate carbon and nitrogen metabolism. In 1976, the Institute of Soybean Re-
search at Heilongjiang Academy of Agricultural Sciences and the Institute of
Botany at the Chinese Academy of Sciences initiated a collaborated research on
the breeding for soybean of high photosynthetic efficiency. In the past 30 years,
significant and original results were obtained in both theoretical and application
aspects. This book is a collection of the major contributions made by Prof. DU
Weiguang's group over the last 30 years, together with the current progresses in
other relevant researches performed in China and worldwide.

This book detailed the basic theory and knowledge on photosynthesis, the

genetic and physiological bases of breeding for soybean of high photosynthetic
efficiency, the relationship between photosynthesis and nodular nitrogen fixation

in soybean, the theoretical principles for high yield and high photosynthetic effi-

ciency breeding, the screening of soybean germplasm and the researches using



transgenic approaches.

In this book, novel theoretical contributions were made on the enhancement
of native C; — like photosynthetic pathway in C; plants, supporting by corre-
sponding experimental data. Through systematic researches of the physiological
bases of high photosynthetic efficiency, C, — like pathways were found in leaves
and pods of soybean. This finding led to a theory of increasing photosynthetic

etficiency by enhancing the isozyme activities in the photosynthetic carbon assim-

ilation pathway. Based on the traditional soybean breeding practice, the book
provided a unique example to the integration between breeding and knowledge
from basic biological sciences. Through this integration, a novel breeding and
theoretical system for high photosynthetic efficiency and high yield has been es-
tablished. Accordingly, soybean germplasms of high photosynthetic efficiency
have been generated. These results illustrated that manipulation of isozymes in
C; plants and introduction of C, genes by transgenesis should have similar
ettects. This concept can be further elaborated and applied to other crops. This

book also concerned the recent development of transgenic crops. Current devel-

opments of national and worldwide researches on breeding for soybean of high

photosynthetic efficiency were also included.

This book is a valuable reference to researchers, teachers and students in
the field of genetics and breeding of soybean and other crops. This book signi-
fied a major achievement of the long-term collaborated research between the In-

stitute of Soybean Research at Heilongjiang Academy of Agricultural Sciences

and the Institute of Botany at the Chinese Academy of Sciences. This book is a
product of the integration among different disciplines in science. It will certainly

promote the development of crop genetics and breeding researches.
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Crop materials are coming from soil nutrients absorbed via roots and photo-
synthetic products assimilated in chloroplasts. Light is the ultimate energy
source of the Earth. The growing global population has led to a severe reduction
of arable lands. To increase total yield, an elevation in unit production is essen-
tial, leading to a strong demand in “super-high yield” breeding and cultivation.
Many scientists disagree with the “super-high yield” concept since yield in al-
ways a relative term. If we define “ super-high yield” as an immediate targeted
yield higher than the current one, any further increase in yield in the future will
become “super-super-high yield”. Therefore, “super-high yield” should be trea-
ted as a dynamic concept that covers different criteria in the present and the fu-
ture. To achieve the goal of “super-high yield”, the light utilization efficiency
per acreage should be increased; this involves improvements in both light captu-
ring capacity and photosynthetic efficiency in plants. Therefore, crop scientists
proposed to optimize the plant morphology and the population structure. The
“(3reen Revolution” in the last century was harvested on the utilization of plant
morphologies that led to an enhancement of light utilization efficiency.

During the 7", 8", and 9" Five-Year-Plan of China, the Central Govern-
ment commissioned a key topic “New Technology for Breeding New Varieties of
Soybean” to the Institute of Soybean Research at Nanjing Agricultural Universi-
ty. Based on the actual situation in China, the task was to reduce the technologi-
cal gap in soybean breeding between China and the international scientitic com-
munities. The research program included the breeding for new soybean varieties
as well as conducting relevant basic researches. Considering both short-term and
long-term goals, this program was conducted at three levels. The first level was
to directly serve the production needs by generating new soybean varieties that

were of high and stable yield and could adapt to the environments of major soy-




bean cultivation regions. These new varieties exhibited overall elite traits and at-

tained at least 10% increase in yield compared to local popularized varieties. The

second level was to breed for soybean varieties of high quality and multiple re-
sistances to pests and pathogens. On one hand, these new varieties provided ge-
netic resources for breeding programs useful for direct soybean production. One
the other hand, this nationwide and systematic effort also helped to establish
standardized research systems and target research units for related studies. The
third level was to perform basic researches and develop technological platforms
related to soybean breeding and its applications. This included two aspects: (1)

to identify ideal phenotypes and physiological traits for breeding of high yield va-

rieties and to establish technologies to examine major economic traits; and (2) to
perform innovative germplasm screens and related genetic analyses and breeding
studies. This provided the necessary genetic materials and technologies for the
long-term breeding task to produce soybean varieties of high yield, high quality,
and multiple resistances. Among these, ideal phenotypes for high yield and the

related physiological characteristics were crucial parts in the overall research

program stated above. The authors of this book, experts in high photosynthetic effi-
ciency in soybean, were responsible for this part of research. Participating in the key
task force of the nationwide soybean breeding program, they successfully established a
link between the basic research in high photosynthetic efficiency and the soybean
breeding program.

The authors have been working in the area of light utilization in soybean
and related breeding for more than 30 years. They made signiticant contributions

to both the understanding of this natural phenomenon and breeding for high

light utilization varieties. Combining the results of their own works and the

findings by other pioneer scientists in the field, the authors published this book

“Breeding for Soybean of High Light Utilization Etficiency” . The book consis-
ted of 10 chapters. Based on the fundamental principles of photosynthesis, the
possible relationship of photosynthetic rate in soybean and the final yield was ad-

dressed. This book also explained the genetic, physiological, and biochemical

bases of breeding for soybean of high light utilization efficiency. Other related
topics were also discussed in individual chapters, including the characteristics of
photo-inhibition and photo-respiration in soybeans of high light utilization etfi-
ciency, the C, pathway in the C; plant soybean, photosynthesis in soybean or-
gans other than leaves, the relationship between nodular nitrogen fixation and

photosynthesis in soybean, the upper limit of soybean yield potential and light



utilization efficiency, and the genetic improvement of the C; plant soybean. The
above contents highlighted the research expertise of the authors. In particular,
the chapters on C, pathway in the C; plant soybean and the photosynthesis in
non-leaf organs in soybean have shed light to new understandings and new path-
ways to enhance light utilization efficiency in soybean.

A link between photosynthesis in soybean and soybean breeding for high
light utilization efficiency is a distinct feature of this book. Although some find-
ings are still preliminary and require detailed follow-up investigations, it 1S a
meaningful attempt. This work will promote further integration among the stud-
ies of physiology of soybean photosynthesis and breeding and cultivation pro-
orams for high yield soybean. I hope that based on the initial effort of this work,
physiologists in the field of photosynthesis will provide breeders and cultivators

ore useful information on the ideal phenotypes, population structures, and

gr
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strategies and theoretical bases for breeding and cultivation.
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