
cotton fiber development

seConDArY WAll tHiCkening
 Accompanying the increases in fiber length 
and diameter are increases in cell wall thickness.  
Starting about 15 to 20 DPA (depending on geno-
type), the fiber begins the deposition of a thick, 
more rigid secondary cell wall.  The secondary cell 
wall is composed almost exclusively of cellulose 
microfibrils.  Deposition of the secondary cell wall 
results in a thickening of the wall and a gradual 
infilling of the cell lumen.  The final cell wall can 
be up to 10 μm thick.
 The transition from primary to secondary wall 
production is marked by the deposition of a thin 
layer of wall material called the winding layer.  
The winding layer is distinguished from both the 
primary and secondary wall layers by the micro-

fibrils in this layer.  The cellulose microfibrils in 
the winding layer are oriented in a steeply pitched 
helix, whereas the microfibrils in the primary wall 
are deposited in a shallow pitch helix (essentially 
oriented transversely to the long axis of the fiber).  
When compared to other secondary wall layers, 
the microfibrils of the winding layer are somewhat 
larger in diameter and are oriented with an op-
posite helical gyre. 
 The rest of the secondary cell wall is composed 
of successive layers of cellulose microfibrils, with 
each layer being deposited with a steeper helical 
gyre than the previous layer.  The result is a wall 
with a poly-lamellate construction (Figure 41). 
See also Figure 50 for a cross section.   
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Figure 41. During secondary wall 
synthesis a multi-layered wall 
is deposited between the living 
cytoplasm (ultimately the lumen) 
and the primary cell wall, resulting 
in a poly-lamellate structure with 
microfibrils in each layer exhibiting 
different orientations. (K. Charlton)
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 Daily cycling of tem-
peratures  (from warm 
days to cool nights) 
during secondary wall 
synthesis can also gen-
erate layering in the 
fiber wall.   Swelling of 
the mature fiber wall in 
caustic soda reveals a 
ring-like pattern (Figure 
42) that is produced by 
the temperature depen-
dent changes in cell wall 
synthesis. These layers 
are not detected unless 
the wall is swollen.

Figure 42. Secondary 
wall synthesis is affected 
by temperature; thus, 
daily fluctuations in 
temperature produce 
a ring-like appearance 
in the wall that can be 
viewed using DIC (light 
microscopy) when the 
wall is swollen.  
(C.H. Haigler)
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 Unique to cotton fibers is the production of 
reversals in the secondary cell wall.  Reversals 
are regions in the wall where the helical gyre of 
the secondary wall microfibrils reverses direction 
(Figure 41, 43).   All fibers have reversals but their 
frequency along the length of the fiber varies with 
genotype and developmental stage.                
 During secondary wall synthesis, the fiber cell 
is very metabolically active.  The  cytoplasm is 
responsible for providing the machinery needed 
for wall synthesis and contains many components, 
typical of an active, living cell (Figure 44).

Figure 43. During secondary wall synthesis cellulose 
microfibrils are laid down in a helical pattern.  
Reversals are regions in the fiber where the helically 
oriented cellulose microfibrils reverse their gyre. 
Reversals are most easily observed using polarized 
light microscopy.  The wall appears bright, with 
reversals appearing as dark bands.  The distance 
between reversals and their frequency along the 
fiber varies with developmental stage, genotype and 
environment.  (P. Gould)
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Figure 44. The fiber cell remains 
metabolically active during 
secondary wall synthesis and 
contains a similar complement 
of organelles as seen during 
primary wall synthesis. Using TEM, 
an assortment of cytoplasmic 
structures are observed, including 
the nucleus (n) and central 
vacuole (v).  
(J. Berlin from C.H. Haigler)
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