
file. Root cells are enclosed within cellulose-
based cell walls.  The carbohydrate polymers 
that comprise these walls are highly hydrated 
and constitute an aqueous phase from which 
root cell protoplasts acquire their water 
and mineral nutrients. Since roots grow in 
the soil, their surface cells are bathed in soil 
water. Any nutrient ions available to a root 
must find their way from soil water into this 
cell wall space before they can be absorbed 
within living root cells. 

The environment of the cell wall space 
is often quite different from that of the sur-
rounding soil. Within the apoplast, much of 
the water is bonded to the polymers that com-
prise the cell walls but free water is reasonably 
abundant as well.

Some of these carbohydrate polymers 
(pectins) contain sugar-acid units that, at a 
pH above 4.5, will release a H+ from their 
carboxyl group leaving a negative charge on 
the polymer. These negative charges will 
attract and bind with cations much as cation 
exchange sites do in the soil. Because of these 
cation exchange sites, water in the cell walls 
will contain a greater concentration of nutri-
ent cations than will be present in the soil 
solution and likely a somewhat lesser nutrient 
anion concentration but one still greater than 
that of soil water.

Cell wall spaces will have an elevated H+ 
concentration because H+s are also attract-
ed from the soil water and in addition, are 
pumped out of the protoplasts into the apo-
plast during normal cell functions. 

For the reasons cited above, the apoplast 
from which nutrient ions are actually trans-
ported into root cell protoplasts is likely to 
be more acidic and have a greater nutrient 
concentration than the soil water. 

The protoplasts of root cells are intercon-
nected by tiny protoplasmic tubes called 
plasmodesmata and constitute a network of 
living protoplasts that can develop indepen-
dently yet exchange materials and information 
among themselves and throughout the plant. 
This living protoplasmic network is called the 
symplast. Each cell’s protoplast is enclosed 
within a plasma membrane that separates the 
living part of a cell from its external nonliving 
cell wall (apoplast). To enter into a protoplast, 

all water and nutrient ions must cross a plas-
ma membrane that is selectively permeable, 
allowing some ions to cross while excluding 
others. Thus, the protoplast compartments of 
a root can have a nutrient composition very 
different from that of the soil solution and its 
surrounding apoplast. 

 It is within the plant that nutrient balance 
is most critical since it is here that nutrients 
perform their metabolic functions. Once 
absorbed by root cells, nutrients are distrib-
uted throughout stems and leaves via xylem 
elements of the vascular system. Transpira-
tion of water from leaves provides the driv-
ing force for upward movement of water and 
nutrient ions within xylem elements. Some 
nutrient ions can exit the leaves via sieve ele-
ments of the phloem and circulate through-
out the plant. Such nutrients are likely to be 
sufficient for growth of meristems (growing 
points) but may become deficient in leaves. 
Others have limited phloem mobility and 
may become deficient in meristems while 
remaining adequate in leaves. These result-
ing nutrient imbalances within the plant can 
cause problems that will be discussed later, 
but often may be addressed through foliar 
fertilization. 

Plant nutrients will interact with each 
other differently within each of these three 
compartments making nutrient availability 
to, uptake by and distribution within plants 
a highly complex phenomenon. 

We will explore these nutrient interactions 
in the soil in the next article in this series.

Richard Hull is professor emeritus of plant sci-
ences at the University of Rhode Island and 
adjunct professor of horticulture at Clemson 
University. Haibo Liu is professor of turfgrass 
physiology and management at Clemson 
University. Liu earned his Ph.D. with Hull at the 
University of Rhode Island and they continue to 
collaborate on research and publications in turf-
grass physiology and nutrition.

REFERENCES
Brady, N. C. and R. R. Weil. 1999. The Nature and Properties of Soils. 12th edition. 
Prentice Hall, Upper saddle River, NJ. 

Carrow, R. N., D. V. Waddington and P. E. Rieke. 2001. Turfgrass Soil Fertility and 
Chemical Problems: Assessment and Management. Ann Arbor Press, Chelsea, MI. 

Marschner, H. 1995. Mineral Nutrition of Higher Plants: 2nd Edition. Academic 
Press. London.

www.turfgrasstrends.com  Oc t o b e r  2 010    TURFGRASS TRENDS 45

Advertiser Page No.
Agrium Adv. Tech. CV2-1
Andersons 8, 33
Aquatrols 19-30
B A S F Cover Tip, 6, 15, CV3
Becker Underwood 13
Bell Labs 47
Champion Turf 40
DuPont 4-5, 38-39
Empire State Green Industry
     Show 35
FMC 16-17
Jacobsen 9
John Deere 2-3
Kochek 31
NuFarm 36, 37
Pasteuria Bioscience 32
Quali-Pro 11
Rain Bird 19-30
Sto-Cote 32
Syngenta CV4
Toro 46
Turfco Mfg. 34
Valent 18
White Metal Golf 47

Ad Index

This index is provided as an additional 
service. The publisher does not assume 
any liability for errors or omissions.




