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     Tropisms play a fundamental role in plant development gov-
erning organ position and growth from the germination of a 
seed to the positioning of fl owers for pollinators and seed disper-
sal. Inquiry into plant tropistic responses is not new; Darwin stud-
ied them in the mid-1800s ( Darwin, 1880 ). Although his work 
has now been recognized as an important contribution to plant 
biology, it was resoundingly rejected by his peers (as reviewed 
by  Whippo and Hangarter, 2009 ). Even though plant movement 
has fascinated school children, been the subject of books for the 
general public ( Koller, 2011 ;  Chamovitz, 2012 ), and featured 
whimsically in TV commercials (Windex), the mechanisms that 
control plant movements have yet to be fully resolved. 

 Thus, we are pleased to present this thematic issue of the 
 American Journal of Botany  that centers on the tropistic re-
sponses to three of the most fundamental environmental stimuli 
governing plant growth: water, light, and gravity. The issue 
contains 16 reviews of the current literature and eight original 
manuscripts that highlight recent advances in the fi elds, written 
by a diverse group of international experts in their respective 
fi elds. Although most of the articles consider the model plant 
 Arabidopsis thaliana , two other models, the pulvini of cereal 
grasses ( Clore, 2013 ) and the spores of the fern  Ceratopteris 
richardii  ( Bushart et al., 2013 ), are discussed since they pro-
vide unique systems that are well suited for the study of specifi c 
mechanisms related to gravitropism. 

 A review of the literature on circumnutation in roots, an au-
tonomous growth response that provides a backdrop for other 
growth responses ( Migliaccio et al., 2013 ), leads the issue. The 
next set of articles provides the state of our knowledge on hy-
drotropism. In the fi rst paper,  Cassab et al. (2013)  provide 
a general review of the mechanisms by which genes and 
hormones coordinate hydrotropic responses and the possible 

biological consequences of hydrotropism in relation to water 
stress. The second paper focuses on the molecular mechanisms 
that mediate hydrotropism in  Arabidopsis  roots ( Moriwaki 
et al., 2013 ). 

 Phototropism is probably the best known and studied of all 
the tropistic responses, and  Christie and Murphy (2013)  pro-
vide a historical perspective on the research in the fi eld.  Hohm 
et al. (2013)  follow with a review of the major steps leading 
from the perception of light to the directional growth response 
and the links connecting them. Red and blue wavelengths have 
been the mainstays of phototropic/photomorphogenic research, 
but  Wang and Folta (2013)  provide a review emphasizing 
plant growth responses to green light, a contributor that was 
relatively ignored before the last decade. In an original research 
paper,  Suetsugu et al. (2013)  provide evidence that the LOV1 
and LOV2 domains serve as the functional photosensory regions 
of the blue light receptor phototropin2. 

 Gravitropism is the most fundamental (if not well known) of 
the tropistic responses. Research into the mechanisms of grav-
itropism received a signifi cant boost with the advent of manned 
spacefl ight in 1961. Spacefl ight vehicles provided the setting 
for experimental laboratories in which gravity became a vari-
able. This concept is especially intriguing given that life has 
evolved in a 1- g  environment, and with spacefl ight, a unique 
method became available to study basic questions in biology 
and other fi elds. A surge in both ground-based and spacefl ight 
research on the mechanisms of gravitropism ensued. Some six 
decades later, we have learned a tremendous amount, but still 
have not fully deciphered the complexity of the mechanisms 
involved in a plant’s response to gravity. 

 For simplicity, the gravitropic response pathway can be di-
vided into four sequential steps: (1) perception of the stimulus, 
(2) the early events of signal transduction that lead to (3) auxin 
redistribution, and, fi nally, (4) the growth response itself. A re-
view by  Hashiguchi et al. (2013)  gives the current state of our 
understanding of gravity perception, and in original research 
presented,  Hasenstein et al. (2013)  used magnetic gradients 
during the microgravity portion of parabolic fl ight in an attempt 
to defi ne the specifi c role of starch grains in the gravity percep-
tion mechanism. Research on the effects of plant growth regu-
lators was reinvigorated with the discovery of the PIN family of 
auxin transports in the 1990s, and the isolation of brassinolide 
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 Taken together, this body of original research and review ar-
ticles represents our current state of knowledge about one of the 
most intriguing and biologically important growth mechanisms 
of plants, the tropisms. The editors thank the authors for their 
fi ne contributions and also appreciate the many reviewers who 
have helped their colleagues strengthen their papers. We hope 
that in a small way that this special issue will inspire young 
scientists to contribute to the continued development of this ex-
citing area of plant biology. 
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in 1979 ushered in studies of a new class of growth regulators 
that needed to be integrated into tropistic and morphogenic 
models. In this issue,  Spalding (2013)  reviews the molecular 
regulation of auxin movements related to tropisms from a ther-
modynamics perspective, and  Vandenbussche et al. (2013)  help 
untangle the complex interactions of brassinosteroids, auxin, 
and ethylene as they relate to gravitropism. 

 The early events of signal transduction that link the biophysi-
cal stimulus of a change in gravity and the biochemical events 
that establish the polarity of the gravitropic response in plants 
are still not well delineated. Researchers have discovered many 
of the components of the signaling network; however, how 
they relate to one another is still unknown. The fi eld has moved 
from the enigmatic “black box” concept of understanding mecha-
nisms to a more or less amorphous “gray cloud” ( Fig. 1 ).  Sev-
eral of the components of this gray cloud are reviewed by 
 Baldwin et al. (2013)  as they relate to root gravitropism, by 
 Toyota and Gilroy (2013)  as they relate to gravitropism and 
other mechanical stimuli, and by  Clore (2013)  with a specifi c 
emphasis on the grass pulvini model system. Reviews are also 
included on the specifi c roles of the actin cytoskeleton to grav-
ity sensing and signaling ( Blancafl or, 2013 ) and on lipid and 
IP3 signaling ( Smith et al., 2013 ). In addition, original work is 
presented on the potential roles of endomembrane Ca 2+ -ATPase 
pumps and apyrases ( Bushart et al., 2013 ), cytochrome P450s 
and fl avonoids ( Withers et al., 2013 ), and heat shock proteins 
( Schenck et al., 2013 ;  Zupanska et al., 2013 ), and on the effect 
of low phosphate on lateral root set-point angle and gravitrop-
ism ( Bai et al., 2013 ). 

 Three original research papers present an “omics”-level analy-
sis of tropistic responses: a transcriptome analysis of  Ceratopteris  
spores ( Bushart et al., 2013 ), proteomics analysis of gravitropic 
signal transduction in  Arabidopsis  infl orescence stems ( Schenck 
et al., 2013 ), and metabolomics analysis of  Arabidopsis  seedlings 
exposed to either gravitropic reorientation or unidirectional light 
( Millar and Kiss, 2013 ). Collectively, these three groups show 
how the latest techniques of molecular biology have been recently 
used in the study of tropisms. 

 A selection of papers on utilizing microgravity round out this 
special issue.  Paul et al. (2013)  provide a review of the stud-
ies on fundamental plant biology enabled by spacefl ight, and 
 Zupanska et al. (2013)  present their original work on the role of 
chaperonins in  Arabidopsis  tissue culture cells exposed to mi-
crogravity. Finally,  Hasenstein et al. (2013)  describes the use of 
magnetic gradients in microgravity to test hypotheses on the role 
of starch grains in gravity perception. 

 Fig. 1. The “gray cloud” model of the current understanding of the gravitropic signal transduction pathway. The position of the “clouds” is only sug-
gestive of the possible position in the pathway. HSP, heat shock protein; IP 3 , inositol 1,4,5-triphosphate; ROS, reactive oxygen species; P450, cytochrome 
P450; Phos/dPhos, phosphorylation/dephosphorylation; TOC, translocon of the outer membrane of chloroplasts.   
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