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0 to 6 g/m2 over two growing 
seasons in Ithaca, N.Y. Soil 
analyses showed a progres-
sive decline in available K at 
all application rates < 2 g K/
m2 reaching low levels (< 1.25 
mmol/K/kg soil). Neverthe-
less, K applications had no 
beneficial effects on turfgrass 
quality or performance. Turf 
disease incidence was not 
increased under lower K lev-
els and gray snow mold actually was more 
prevalent each spring on the higher K turf. 
The authors concluded satisfactory bent-
grass green performance can be achieved 
over a broad range of soil K levels and tissue 
concentrations when grown in calcareous 
sand root-zones. They suggested excessive 
K applications may be in common prac-
tice on greens management (Woods et al., 
2006). We will comment on this further in 
the next section. 

In general, the availability of nutrients 
in the soil water influences the quantity 
and composition of nutrients within the 
cell wall space of turfgrass roots. However, 
moderate nutrient selection occurs within 
the apoplast with divalent cations becom-
ing concentrated due to their binding with 
cation exchange sites and anions being par-
tially repelled. Still, the concentration of 
free (non-bound) ions remains sufficiently 
low in cell wall water that precipitation of 
low solubility salts rarely occurs.

We mentioned earlier the cell walls con-
stitute a non-living continuum through 
which water and nutrient ions can travel 
from the roots into and throughout the 
shoots. If that were really true, the plant 
would have no way to discriminate among 
or control which mineral ions enter and 
are transported throughout the plant. That 
clearly is not the case. Ion discrimination is 
achieved by bands of cells (the endodermis) 
that encloses the root’s vascular cylinder 
(xylem and phloem) and has a waxy materi-
al (suberin) impregnated in its walls. These 
endodermis cells block the inward flow of 
water and minerals in their apoplast forc-
ing them to cross a cell’s plasma membrane 

and enter its protoplast (sym-
plasm). To enter the xylem 
(part of the apoplast) and 
move into the shoot, water 
and minerals must again cross 
the plasma membrane of a cell 
in the vascular cylinder and 
reenter the apoplast. Any min-
eral ion that cannot enter the 
symplast at the endodermis 
can go no further and remains 
within the roots. In this way, a 

plant’s stems and leaves are protected from 
potentially toxic elements.

Greatest selectivity for and potential 
interactions in nutrient uptake and distri-
bution within turfgrass plants is centered at 
plasma membrane transport: loading into 
the symplast and unloading into the xylem 
(apoplast). That will be considered in our 
next article.
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Cell walls are a 
non-living con-
tinuum with which 
water and nutri-
ent ions travel 
from roots to and 
throughout shoots.




