COLORADO FLOWER GROWERS
ASSOCIATIQON, INC.

IN COOPERATION WITH COLORADO STATE UNIVERSITY
Dorothy Conroy, Executive Secretary
901 Sherman Street, Denver, Colorado 80203

Bulletin 210

October 1967

lonic Balance and Growth of Carnations -
. Recent Literature

James L. Green

Summary

The difference between the total cation and inor-
ganic anion contents of the tissue, the (C-A) content,
in most of the plant species studied was equal to the
organic acid content of the plant. The relation be-
tween (C-A) content and plant yield was a positive
linear relationship. Tissue analysis determining the
(C-A) content was indicative of the nutrient status of
the plant, For the few species studied, each specie
had a characteristic (C-A) content associated with
optimum yield.

The (C-A) content of the leaf tissue was affected
by internal ion-uptake systems in the plant and by
external environmental factors, e.g., nutrient solution
composition, light, and carbon dioxide content of the
plant atmosphere.

In the study to be reported in the next several
issues the normal (C-A) content for the carnation
plant and the qualitative and quantitative effects of
external and internal factors on this (C-A) content
are reported. The following literature review pro-
vides a background for planning experiments to de-
termine the (C-A) content of additional species.

lyames L. Green completed this research while a
candidate for the M.Sc. Degree in Horticulture from
1965 to 1967. He is continuing this type of research
in the Department of Soil Science, North Carolina
State University.

Present Status of Carnation Tissue
Analysis

The chemical composition of the green leaf varies
with the position of the leaf on the stock (23). Prior
to conducting comparative studies on the chemical
composition of tissue in a given plant species, a sam-
pling site must be standardized. The fifth leaf pair
from the base of the main shoot was determined by
Nelson and Boodley (11) to be the best general area
for sampling carnation tissue dntil primary lateral
shoots developed seven pairs of leaves. Then the fifth
pair of leaves from the terminal end of primary
lateral shoots was sampled until flower buds became
visible. At that time sampling was shifted tothe same
leaf pair on secondary lateral shoots. The same pro-
cedure was followed for sampling tertiary and qua-
ternary lateral shoots. This procedure minimized
physiological variation.

Seasonal variation of ion content of plant tissue in
general was reported by Ulrich (22). Seasonal varia-
tion in ion content of greenhouse-grown carnations
was reported by Nelson and Boodley (12). They found
that the P and Mg ion concentrations in the tissue
were constant throughout a two-year period. N, K,
and Ca tissue concentrations were lowest during the
months of June through August and increased during
the winter.

Within the greenhouse environment, the main sea-
sonal variations are probably daily total radiation and




carbon dioxide content of the plant atmosphere, and
possibly temperature. In a study on carnation nutri-
tion, Goldsberry (4) assumed that a nutrient solution
containing a higher total ion concentration was re-
quired to avoid apparent deficiency symptoms as the
COg3 level was increased. Swasey, Shank and Link (19)
over a four-period found no indication of different
fertilizer requirements with different CO9 levels.

lon Uptake and Water Loss

The literature related to the effect of light and
carbon dioxide on stomatal movements and the postu-
lated mechanisms of response % reviewed (6, 7).
The effects of light and CO9 on stomatal aperture
may be related to the ion content of the plant tissue
by their effect on the transpiration rate of the plant.
Transpiration rate decreased with partial closure of
the stomatal apertures because of inecreasing COo
content of the air (15). A level of 575 ppm compared
to a level of 310 ppm COsg reduced the transpiration
rate of corn by 23% (27). Chemical closure of the
stomatal apertures also resulted in a reduction of
transpiration (18, 20, 28).

The relationship between transpiration and nutri-
ent-ion uptake has not been definitely established.
Wide variations in the rate of transpiration had very
little effect on the transfer of nutrients to the shoot
and leaves of intact plants receiving a solution having
a low nutrient-ion concentration. Under conditions of
low transpiration and low water loss, the concentra-
tion of ions in the transpiration stream exceeded that
in the external medium by as much as 100 fold. But
the rate of transfer of ions to shoots varied closely
with the rate of transpiration when the ion concen-
tration of the external nutrient solution and the nutri-
ent status of the plant were both high. Under these
conditions the concentration in the transpiration
stream was equal to or less than the concentratmn in
the external nutrient solution (16).

A high rate of transpiration presumably would
favor the establishment of a steeper gradient of min-
eral-ion concentration across the root. In this way
transpiration rates would indirectly influence the
rate of movement of salts across the root and from
the xylem elements of the roots to the leaves (10).
Most researchers agree that under some conditions
transpiration rate can influence the rate of salt move-
ment to leaves.

There may be a differential effect of transpiration
on ion uptake with only certain ions being affected.
Nitrate and potassium uptake were not influenced by
the transpiration stream movement in intact and
decapitated tomato plants (1).

Genetic Effect on lon Content

Leaf samples from 16 cultivars of the Sim, Little-
field, and miniature varieties were analyzed for nu-
trient content by Nelson and Boodley (13). They were
able to group the cultivars, grown under ‘similar
nutrient regime’, according to their nutrient content,

The 16 cultivars were divided into 3 groups corre-
sponding to the 3 main varieties, Sim, Littlefield, and
miniature. They concluded that it might be necessary
to establish 3 sets of tissue nutrient standards to in-
terpret tissue analyses of these three genetically dif-
ferent groups. Genetic variation must be considered
in interpreting tissue analysis (22, 26).

Effect of Nutrient Supply on lon Content

Because the plant exercises certain selective
properties in ion uptake, the question may be raised
as to the effect of the chemical composition of the
nutrient solution on growth and development of the
plant. The term ‘‘chemical composition’’ comprises
the 1) concentrations of the component ions, 2) total
ionic concentration, and 3) pH. In carnation nutrition,
the relative anion proportions in the nutrient solution
were important only within wide limits, but the rela-
tive cation proportions were very important. The
total ion concentration was important withinthe limits
of + 0.2 atmospheres osmotic pressure. In many
cases, the pH of the nutrient solution was important
within the limits * 0.2 pH units (17).

The use of critical values to diagnose nutrient
disorders was not always satisfactory because the
range in plant tissue composition associated with de-
ficient and normal plants frequently overlapped. The
response of plants to a given nutrient depended upon
the level of other nutrients (24).

The plant exercises ion-selectivity through the
competitive ion uptake systems. Two competitive up-
take systems for cations have been detected in grass
(26). A four-ion system operated in the uptake of K,
Na, Mg, and Ca. A monovalent ion system operated
in the uptake of K and Na. The anions NOg and Cl
competed during uptake by grasses (26).

In addition to the effect of the ion composition of
the nutrient solution, the total ion concentration of
the solution is important (17). In regulating plant
growth, the total ion concentration was a greater fac-
tor in reducing growth than was the effect caused by
specific ions (9).

But, Boyko (2) found that plants in a physiologi-
cally balanced solution could stand much higher os-
motic pressures than plants in a solution of a single
salt or an unbalanced solution.

Reduction of plant growth in solutions of high
osmotic pressure has been reported (3,5). Carna-
tion yield was reduced with each addition of soluble
salts (8, 25).

Effect of lon Content of the Tissue
on Plant Growth

Studies involving effects of salt solutions on the
ion contents of plant tissue, competitive phenomena
among ions, selective ion uptake by growing plants,
regulation of the (C-A) content and yield were con-
ducted by Wit, et al. (26) on plantain, orchard grass,
and rye-grass. Acknowledgment is due Wit, et al.,
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Tuil (21), and Noggle (14), whose publications on
nutrient studies of grasses served as a background
for planning and interpreting this experiment.

A given plant species has an optimum (C-A) con-
tent which is one of the requirements for optimum
yield, (the (C-A) content being the difference between
the total concentration in the plant tissue of the inor-
ganic cations K, Na, Ca, Mg, and the total concentra-
tion of the inorganic anions NOg, HoPOy, SO4, Cl)
(26). In most plant tissue the (C-A) is an estimate of
the organic anion concentration (21).

In small grains a lower than optimum (C-A) con-
tent developed when 1) availability of cations was
low, 2) uptake of inorganic anions, e.g., Cl, that stayed
as such in the plant was high, and 3) reduction of
nitrates in the shoot proceeded at a low rate. Reduc-
tion of the (C-A) content was accompanied by a reduc-
tion of the growth rate.

A high (C-A) content occurred in the case of K
shortage in the presence of any other cation, e.g., Na,
that was readily taken up. Although other cations may
have functioned as a positive charge in uptake, the K
ion seemed to be the only one that accompanied the
excess organic anions in their downward movement.

Ammonium fertilization resulted in a reduced
growth rate (26). This reduction was attributed to a
stress on the (C-A) content induced by competition
between NH&‘ and other cations, e.g., K+, and the re-
lease of H+ions during the transformation of NH:{ to

organic nitrogen.

Within limits, the plants maintained the (C-A) con-
tent at a constant level. The plant responded to a
stress on the (C-A) by a reduced growth rate main-
taining status quo (26). Sixteen plant species, withone
possible exception, had reduced growth rates with
reduced organic anion concentration (14).

Evidence for the dependence of organic-salt con-
tent on the salt supply has been available since the
beginning of this century (21). But its direct applica-
tion to plant nutrition is comparatively recent. A re- .
view of the literature pertaining to the (C-A) content
concept with special emphasis on the organic acids
comprising the normal organic-salt content of peren-
nial rye-grass, sugar beet, poplar, and birch is con-
tained in Tuil’s paper (21).

In general, the analysis of the organic anions
showed that the anions of the water-soluble, non-
volatile organic acids represented about 90% of the
total organic anions in rye-grass. Other fractions
were: succinate, malonate, glycerate, shikimate, qui-
nate, and oxylate., Malate contributed mainly to the
change in the organic-salt content, Chloride accumu-
lated instead of organic acids, and mainly at the ex-
pense of malate. When ammonium was supplied in
place of nitrate, the (C-A) content of the foliage was
lower than normal and chromatographic analysis
showed that this was due toafallin the oxalate content.

General Theory
of Plant Nutrition

Jim Green

The uptake of salt cations (C) may occur in
amounts which, depending on the salt cations avail-
able, differ from the number of equivalents of the
salt anion absorbed (A). In the ionic balance a posi-
tive difference (C-A) represents an excess uptake of
cations compared to inorganic anion uptake, This
excess uptake of cations is balanced by organic anions
formed by metabolic processes within the plant. The
ions in the plant tissue are present as the inorganic
salts (A) and organic salts (C-A) of the salt cations (C).

As a result of the uptake of the inorganic ions of
the nutrient solution, there results an accumulation
in the plant tissue of the inorganic cations: K*, Na™,
Mg“, and Ca++; and the inorganic anions: NO3, ClI}
HoPO4 and SOZz~. (It is not necessary to account for
the very low quantities of other inorganic ions such
as Fe, Mn, Zn, and Cu.) The sum of these cations and
anions in 'milligram equivalents per killogram dry
plant material is given by C (cations) and A (anions),
respectively. C equals the total salt content of the
plant material, The organic anions (salts of the or-
ganic acids) which combine with the excess cations
are formed by metabolic processes, specifically by
the processes of photosynthesis and respiration.
These organic acids are: succinic, malonic, malic,
citric, glyceric, shikimic, quinic, and oxalic, Malic,
which forms malate organic salts, is the main con~
stituent of the total organic acids and varies toa
much greater extent with (C-A) than the other organic
salts,

Cations function to allow the plant to accumulate
organic salts to be used in protein synthesis, res-
piration, etc., instead of losing them to the medium
surrounding the roots as bicarbonate formed by de-
carboxylation of the organic salt.

The normal organic-salt content is the value ob-
tained at optimum growth. Suboptimal growth can
also occur at the normal organic-salt content if some
factor such as the nitrate supply is limiting.

Definitions:

Ion= An electrically charged atom; there are two
kinds of ions:
Cations =positively charged ions, e.g., catt 5 Mg**,
K¥, and Nat;
Anions =negatively charged ions, e.g., NOjy™, SO;‘,
and HoPO 47,

Inorganic ions =Do not contain carbon; are derived
from mineral sources, e.g., Ca, Mg, K, Na, NOg,
504, HoPOy, and Cl.

Organic ions= Carbon containing compounds, e.g.,
Malate, oxalate, and other salts of carboxylic
acids.

Chemical Equivalent = Atomic or formula weight
valence

Miligram equivalent (ine) =1/1000 of an equivalent

ABBREVIATIONS:

C = Cations: A= Anions:
Ca** = calcium Cl™ = chloride
Mgtt = magnesium NO3g~ =nitrate
K* = potassium S04 2~ _ sulfate

Na* = sodium HyPOy =phosphate
(C-A) = organic anions
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