
      Plastid Development in Leaves During 
Growth and Senescence

This book deals with plastid development in leaves during growth and senescence. Leaves undergo various phases 
during their development fi nally leading to senescence and death. Deciduous trees form new leaves in spring, a 
process paralleled by development of photosynthetically active chloroplasts. In autumn, leaves undergo spectacular 
changes in colour ranging form yellow, red up to brown, a process paralleled by degradation of chlorophyll and 
dismantling of chloroplasts.  We introduce this book with the above photographs taken by Karin Krupinska, showing 
at the left emerging and young leaves of Tilia europaea and at the right senescing leaves of Acer tataricum L.
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 We are delighted to announce the publica-
tion of Volume 36 in this series. The series 
 Advances in Photosynthesis and Respiration  
was updated in Volume 35 to include the 
subtitle:  Including Bioenergy and Related 
Processes . The front cover, which had a dis-
tinctive white background and a colored 
illustration, was changed to a web-friendly 
green background. Further, the series pub-
lisher, Springer, has made the front matter of 
all of the volumes freely available online. 
Links to each volume are given below. 
Readers may also notice that this volume and 
the past few volumes have had color  fi gures 
integrated into the chapters, instead of being 
collected in one section of the book. This 
improvement was possible because of 
changes in the method of book production. 
Another change is that references to chapters 
in books will soon be tracked by biblio-
graphic services. This will help authors pro-
vide evidence of the importance of their 
work. We hope that these updates will main-
tain the importance of these edited volumes 
in the dissemination of the science of photo-
synthesis and bioenergy.   

   This Book 

 Volume 36 deals with  Plastid Development 
in Leaves During Growth and Senescence . 
We refer the readers to the excellent Preface 
(see pp. xxvii–xxix) by three outstanding 
editors of this book: Basanti Biswal 
(Sambalpur University, Jyoti Vihar, Odisha, 

India), Karin Krupinska (University of Kiel, 
Kiel, Germany), and Udaya Biswal 
(Sambalpur University, Jyoti Vihar, Odisha, 
India). These three, which include the wife 
(Basanti) and husband (Udaya) team of the 
Biswals and Karin Krupinska, are established 
authorities in the  fi eld of plant biology (see 
their biographies on pp. xxxi–xxxvi). An 
understanding of this aspect of plant life is 
important for all projects dealing with the 
production of increased biomass and bioen-
ergy. Chloroplast development is a key pro-
cess in the life of a plant. Recent advances in 
plant biology reveal that chloroplasts also 
determine the development, the structure, 
and the physiology of the entire plant. A 
number of books have emphasized the bio-
genesis of the chloroplast, but few have dealt 
with the events associated with the transfor-
mation of a mature chloroplast into a geron-
toplast during senescence. This book   , which 
has 28 chapters, is unique because it describes 
the process of chloroplast maturation and its 
subsequent transformation into a geronto-
plast during senescence, a process required 
for nutrient recycling in plants. The book 
includes a state-of-the-art survey of the cur-
rent knowledge of the regulation and mecha-
nisms of chloroplast development. Authors 
critically discuss the signaling process, the 
expression potential of plastid DNA, the 
interaction of cellular organelles, and the 
molecular mechanisms associated with the 
assembly and the disassembly of organellar 
complexes. Finally, how chloroplast devel-
opment is modulated by environmental 
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signals is discussed. We hope the readers will 
 fi nd this volume not only enlightening and 
fascinating but of practical use in their own 
endeavors. We are grateful to Basanti, Udaya, 
and Karin for their timely submission of this 
28-chapter book and to all the 57 authors 
who contributed to this outstanding book in 
an area that had been somewhat neglected.  

   Authors 

 The current book contains 28 chapters 
  written by 57 authors from 13 countries 
(Argentina (5); Croatia (3); France (2); 
Germany (8); Hungary (1); India (14); Italy 
(1); Japan (8); Spain (3); Sweden (2); 
Switzerland (2); UK (6); and USA (2)). We 
thank all the authors for their valuable con-
tribution to this book; their names (arranged 
alphabetically) are listed below: 

 Mats X. Andersson (Chap.   8    ); Henrik 
Aronsson (Chap.   3    ); Basanti Biswal (Chaps. 
  1    ,   2    , and   28    ); Udaya C. Biswal (Chaps.   1     and 
  2    ); Maryse Block (Chap.   7    ); Thomas Börner 
(Chap.   11    ); Naini Burman (Chap.   25    ); 
Cristian A. Carrion (Chap.   18    ); Maria L. 
Costa (Chap.   18    ); Vijay Dalal (Chap.   27    ); 
Emmanuelle Dubots (Chap.   7    ); Hrvoje 
Fulgosi (Chap.   26    ); Facundo M. Gomez 
(Chap.   18    ); John C. Gray (Chap.   9    ); Juan J. 
Guiamet (Chap.   18    ); Yukako Hihara (Chap. 
  5    ); Stefan Hörtensteiner (Chap.   16    ); Hiroyuki 
Ishida (Chap.   19    ); Paul Jarvis (Chap.   12    ); 
Padmanava Joshi (Chap.   28    ); Kengo 
Kanamaru (Chap.   10    ); Yusuke Kato (Chap. 
  20    ); Renu Khanna-Chopra (Chap.   17    ); 
Jitendra P. Khurana (Chap.   25    ); Karin 
Krupinska (Chaps.   1     and   14    ); Hartmut K. 
Lichtenthaler (Chap.   15    ); Karsten Liere 
(Chap.   11    ); Qihua Ling (Chap.   12    ); Nikola 
Ljubesic (Chap.   26    ); Eric Maréchal (Chap. 
  7    ); Mercedes Martín (Chap.   23    ); Dana E.
Martínez (Chap.   18    ); Karin Meierhoff (Chap. 
  4    ); Bijaya K. Mishra (Chap.   2    ); Amarendra 
N. Misra (Chap.   28    ); Maria Mulisch (Chap. 
  14    ); Sergi Munné-Bosch (Chap.   22    ); 
Lalitendu Nayak (Chap.   28    ); Larry D. 
Noodén (Chap.   13    ); Kamlesh Kant Nutan 

(Chap.   17    ); Ashwani Pareek (Chap.   17    ); 
Matthew Paul (Chap.   24    ); Thomas 
Pfannschmidt (Chap.   22    ); Mukesh K. Raval 
(Chap.   2    ); Harry Roy (Chap.   6    ); Bartolomé 
Sabater (Chap.   23    ); Wataru Sakamoto (Chap. 
  20    ); Katalin Solymosi (Chap.   3    ); Kintake 
Sonoike (Chap.   5    ); Mamoru Sugita (Chap. 
  10    ); Baishnab C. Tripathy (Chap.   27    ); 
Raphael Trösch (Chap.   12    ); Shinya Wada 
(Chap.   19    ); Peter Westhoff (Chap.   4    ); Astrid 
Wingler (Chap.   24    ); Mercedes Wrischer 
(Chap.   26    ); and Michela Zottini (Chap.   21    ).  

   Our Books: 35 Volumes 

 We list below information on all the 35 vol-
umes that have been published thus far (see 
  http://www.springer.com/series/5599    ). We are 
pleased to note that Springer, our publisher, is 
now producing complete Tables of Contents 
of these books. Electronic access to individual 
chapters depends on subscription (ask your 
librarian), but Springer provides free down-
loadable front matter as well as indexes. As of 
July 2011, Tables of Contents are available for 
all the volumes. The website URLs of the 
books in the series are listed below.

    • Volume 35 (2012)   Genomics of Chloroplasts 
and Mitochondria , edited by Ralph Bock and 
Volker Knoop, both from Germany. Nineteen 
chapters, 475 pp, Hardcover, ISBN: 978-94-
007-2919-3 (HB) ISBN978-94-007-2913-0 
(e-book) (  http://www.springerlink.com/
content/978-94-007-2919-3/    )  
   • Volume 34 (2012) Photosynthesis – Plastid 
Biology, Energy Conversion and Carbon 
Assimilation , edited by Julian Eaton-
Rye, Baishnab C. Tripathy, and Thomas 
D. Sharkey, from New Zealand, India, and 
USA; 33 chapters, 854 pp, Hardcover, ISBN 
978-94-007-1578-3 (HB) ISBN 978-94-007-
1579-0 (e-book) (  http://www.springerlink.
com/content/978-94-007-1578-3/    )    
    • Volume 33 (2012): Functional Genomics 
and Evolution of Photosynthetic Systems , 
edited by Robert L. Burnap and Willem 
F.J. Vermaas, from USA; Fifteen chapters, 428 
pp,   http://www.springer.com/life+sciences/
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     Chloroplasts, the green plastids, harvest sun-
light to convert CO

2
 to organic carbon while 

producing oxygen from water. In addition, 
they manufacture phytohormones, amino 
acids, lipids, and thiol compounds. Because 
of their metabolic network and interaction 
with other cellular organelles, they play an 
important role in plant growth and develop-
ment. The development of chloroplasts from 
proplastids is tightly coordinated with plant 
growth, whereas dismantling of chloroplasts 
in senescing leaves (chloroplast-to-geronto-
plast transition) is an intrinsic feature of plant 
senescence, the terminal phase of plant 
development. Although studies on chloro-
plast development have mostly focused on 
photosynthesis, it is known to be also impor-
tant for regulating plant growth and develop-
ment. Another signi fi cance of chloroplast 
development, during the life of the plant, is 
the response to environmental stress. The 
chloroplast is known to be a sensor of changes 
in the environment. For example, some of 
the intermediates of biosynthetic pathways 
of pigments, speci fi cally of chlorophylls, are 
photodynamic in nature and therefore make 
plants sensitive to abiotic stresses. Moreover, 
energy distribution within the photosynthetic 
apparatus and redox changes of the compo-
nents involved in electron transport are sen-
sitive toward the continuously changing 
environment including abiotic and biotic 
stresses. The sensitivity toward changes in 
environmental factors is likely to change 
with development. Possible changes in redox 
homeostasis, energy imbalance, and pertur-
bation in metabolic networks during biogen-
esis and senescence of chloroplasts are likely 
to contribute to stress responses and adapta-
tion of the whole plant. 

 Although chloroplast development is rec-
ognized as one of the major events in the 
development of plants, only few books have 
addressed this topic in the last decade. The 
books by J.T.O. Kirk and R.A.E. Tilney-Bassett 

( The Plastids: Their Chemistry, Structure, 
Growth and Inheritance , 1967, Freeman, 
London); by N.R. Baker and J. Barber 
( Chloroplast Biogenesis , 1984, Elsevier, 
Amsterdam); and by J.R. Ellis (ed.) 
( Chloroplast Biogenesis , 1984, Cambridge 
University Press, Cambridge and New York) 
are now outdated. Volume 23    of this series, 
 The Structure and Function of Plastids  
(edited by R.R. Wise and J.K. Hoober, 2007), 
covers only a few topics (Chaps.   2    ,   7    ,   9    ,   15    , 
  17    , and   22    ) on chloroplast development, 
obviously not the focus of that volume. The 
books published thus far have emphasized 
primarily chloroplast biogenesis (buildup) 
during the greening process, but the events 
associated with yellowing at the end of leaf 
development have generally been neglected. 
Chloroplast development during leaf senes-
cence when mature chloroplasts are trans-
formed into senescing chloroplasts 
(gerontoplasts) had been de-emphasized for 
historical reasons. The process of senescence 
was ill-de fi ned for a long time, but the 
advances made in plant molecular biology in 
the recent past have facilitated expansion of 
the knowledge of this process, of its mecha-
nism, as well as its regulation. The availabil-
ity of genome sequences of plants, speci fi cally 
that of Arabidopsis, and extensive molecular 
genetic studies with it as a model system 
have allowed us to address several complex 
problems associated with the conversion of 
mature chloroplasts to gerontoplasts. A large 
volume of literature on the genetic program 
of leaf development and senescence, includ-
ing gene expression and regulation, signal-
ing systems, regulated dismantling of cellular 
fabrics, and molecular disassembly of the 
chloroplast during senescence, is now avail-
able. The progress in the  fi eld of plant senes-
cence during the last decade has been 
discussed in several books and reviews. 
These include  Plant Cell Death Processes  
(edited by L. D. Noodén, 2004, Academic 
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Press/Elsevier, San Diego, CA),  Senescence 
Processes in Plants  (edited by S. Gan, 2007, 
Wiley), and  Senescence Processes and Their 
Regulation  (edited by K. Krupinska and K. 
Humbeck, 2008, in  Plant Biology ) (Special 
Issue: Plant Senescence), German Botanical 
Society and The Royal Botanical Society of 
the Netherlands. They provide extensive infor-
mation on the molecular mechanisms and 
regulation of the catabolic processes asso-
ciated with chloroplast senescence and death. 
A broader view on chloroplast bio genesis 
and development was presented in the book 
 Chloroplast Biogenesis: From Proplastid to 
Gerontoplasts , authored by U.C. Biswal, Basanti 
Biswal, and M.K. Raval (2003, Springer).

In the current volume   , we present an 
updated and comprehensive overview of the 
knowledge on plastid biology during the 
entire life span of the leaf, ranging from 
chloroplast biogenesis to the transition into 
gerontoplasts. This volume, with 28 chapters, 
is unique    in the series Advances in Photo-
synthesis and Respiration  Including Bio-
energy and Related Processes  since the 
chapters describe the way the photosynthetic 
machinery (the green chloroplast) is built and 
subsequently transformed into another 
machinery (the yellow chloroplast/the geron-
toplast) responsible for nutrient recycling. 
Authors    (see List of Contributors, pp. xxxvii–
xl) of the chapters (see Table of Contents, 
pp. xvii–xxv) are established scientists from 
different countries working in the area. 

 This book is divided into six parts. Part I, 
with two chapters, provides an introduction 
to chloroplast development, with a brief 
description of developmental transients, 
mechanisms, signaling, and regulation of the 
process. Chapter   1     outlines not only the cur-
rent knowledge of chloroplast development 
but includes a discussion of the dynamic role 
of the organelle in integrating plant growth 
and development. In spite of the massive use 
of molecular biological tools, many ques-
tions concerning organelle development 
remain unanswered, suggesting limitations 
of these tools. It is time now to look for 
answers beyond the genetic basis of chloro-

plast development. Chapter   2     includes a dis-
cussion of the limitations of genomics, 
proteomics, and metabolomics and of the 
application of thermodynamic principles to 
understanding the developmental process. 

 The development of tools of bioinformat-
ics and the rapid progress in plant molecular 
biology have signi fi cantly contributed to the 
expansion of knowledge in the area of bio-
genesis of the organelle during leaf develop-
ment. The recent crystallographic studies of 
chloroplast complexes provide the molecular 
framework and geometry of the association 
of components of the complexes that have 
facilitated studies in elucidating the struc-
tural assembly of organelle complexes. In 
fact, the recent study of the structure of the 
intermediates of Rubisco (see Chap.   6    ) at 
atomic resolution during the biogenesis of 
this enzyme complex is a big step forward in 
our understanding of the assembly processes 
of multimeric protein complexes. The devel-
opment of proplastids and etioplasts, which 
are the precursors of the mature organelle, 
into chloroplasts is discussed in Part II in 
seven chapters (Chaps.   3    ,   4    ,   5    ,   6    ,   7    ,   8    , and   9    ) 
that critically review the current literature on 
the synthesis, traf fi cking, assembly, and reg-
ulation of thylakoid complexes and Rubisco. 
In Part III   , Chaps.   10    ,   11    , and   12     focus on the 
dynamic nature, expression, regulation, and 
stability of the plastid genome during its 
development as well as on targeting of 
nuclear-encoded plastid proteins. 

 Genetically programmed dismantling of 
chloroplast during leaf senescence, the regu-
lated transformation of a mature chloroplast 
to a gerontoplast, constitutes one of the major 
current areas of study of plastid biology. Part 
IV contains eight chapters (Chaps.   13    ,   14    , 
  15    ,   16    ,   17    ,   18    ,   19    , and   20    ) that deal with the 
de fi nition and concept of plant senescence, 
ultrastructural changes of thylakoid mem-
branes, degradation of proteins and pig-
ments, and their degradation pathways, 
mechanisms, and regulation. Part V includes 
four chapters (Chaps.   21    ,   22    ,   23    , and   24    ) that 
describe the organellar control of chloroplast 
development and the role of chloroplasts in 
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regulating leaf senescence involving inter-
organellar signaling. Finally, the    last part 
(Part VI) includes four chapters (Chaps.   25    , 
  26    ,   27    , and   28    ) that deal with responses of 
the developing chloroplast to environmental 
signals. These chapters critically dissect the 
mechanisms and control of the modulation 
of  chloroplast biogenesis and of senescence 
during leaf growth and development in 
 different environmental settings. 

 We thank all our contributors and review-
ers of the different chapters of this volume 
and hope that this volume will be a valuable 
source of information and reference for those 
working in photosynthesis and plant develop-
mental biology in general. As the book con-
sists of extensive illustrations and graphics, it 
may also be used as a textbook by graduate 
and advanced undergraduate students. 

 We are grateful to Govindjee, who appre-
ciated our comprehensive concept of chloro-
plast biology and invited us to edit this volume 

of the series, and to Thomas D. Sharkey, who 
is his co-series editor. Govindjee’s valuable 
comments, continuous support, and timely 
advice during the preparation of this volume 
were of great help and inspiration to us.  
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