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Global context: Potato Production
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MS medium

RERE Ed5ik RIS Edjik
[mg/100mL] |[1/2MSImL] [1/2MS[mg/L] |1/2 +2.5Mesos[mL]
A NH4NO3 8250 10 825 10
B KNOs 9500 10 950 10
C CaCl,-2H20 4400 10 440 15
D KH,PO,4 850 10 85 15
H MgSQO,-7H20 3700 10 370 15
E MnSO,-4H20 223 10 22.3 10
ZnSQ4-7H20 86 8.6
CuS04-5H20 0.25 0.025
F H3BOs 62 10 6.2 10
KI 8.3 0.83
Na,MoQ,:2H,0 2.5 0.25
CoCl,-6H,0 0.25 0.025
G FeSO4-7H20 278 10 27.8 10
Na--EDTA 373 37.3
Vitamin Nicotinic acid 500 1 5 1
Pyridoxine 50 0.5
Thiamine 300 3
EX BX — 8.09 8.09/L 8.0g
akE TONE 309 309/L 309
pH 5.7
RE 1L

W EBRIAR LA
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© 2006 Nature Publishing Group nhttp:/www.nature.com/naturemethods

A solution to the problem of ion
confounding in experimental biology

To the editor: Understanding ion-specific effects is a central
theme of biology. But because ions are generally manipulated
through the use of salts, the complication of ‘ion confound-
ing’ is introduced. lon confounding occurs when the ion(s) of
interest are covaried with the covaried ion associated with the
salts used; that is, changing the concentration of a single cation
or anion using a single salt results in a simultaneous change in
the associated co-ion. If the concentration of an jon is not varied
independently, then the main effect associated with that ion is
indistinguishable from or confounded with, the effect(s) caused
by changing the concentrations of the other ions, Identifying
ion confounding requires converting reported salt formulations,
including ions introduced via pH adjustments, to corresponding
ion concentrations. If there are deviations of ion type and/or con-
centration other than those specified by the experimental design,
then ion confounding has occurred. lon confounding is extremely
common in disciplines that study ion-specific effects, but is par-
ticularly apparent in plant nutrition studies, as the complex min-
eral-ion mixtures used are the primary nutritive source of these
organisms (Table 1)'.

To avoid ion confounding, it is necessary to be able to calculate
a salt mix, or ‘recipe’, that achieves any given ionic formulation.
This can be casily solved as a lincar programming problem that
optimizes the allocation of mixture components (the ions) from a
set of salts, The linear function, presented as a minimization, can

used 1o determine the types and concentrations of salts, acids

and bases to achieve a particular ionic solution:
minimize Xy +eXs+... 46 X (1
where ¢ is a known weighting coefficient, and X is the unknown
amount of an individual salt,

subjectto a, X, +a,X, +... +a, X

mn

[Sv=2}b, (i=1,2,... m)
Xp-. X, 20
where a are known coefficients of ion proportionality for cach salt X

that contributes an jon defined by the target ion concentration & a
non-negative constraint ensures positive values. Equation (1) results

CORRESPONDENCE |

Table 1 | Ton confounding of the hydroponic nutrient solutions

Solution pH N0~ PO K Ca* Mg SO
Control bé4 15 1 6 5 2 2,05
Lacking N 45 o 1 5 25 2 6.55
Lacking PO 454 14 0O 6 “ 2 2.05
Lacking K* 443 10 1 0 855 2 2.05
Lacking Ca®* 445 S 1 6 ¢ 2 2,05
Lacking Mg™* 444 14 1 10 4 o 1.55
lacking 0. 427 18 1 7 “ 2 o

Joa confosnding 31 illestrated by calculating the ioe concentration of the popelar salt
farmulations developed by Hoagland and Amen' for determining lom-1pecific effects on
hydropomically grown plants, When the foomulations ase viewed in this nanser the corfoendtng
becomes cheac. For axample, the formulation Tacking Mg™ does not just change the [Mg] a5
would be requined 1o Setermine the effect(s) of this ioa, bet compared & the control solution
w00 levels alsos changes the (N0 | [K°1, {0a™*] and [SO, 7). Consequently. the meaused
reiponies cannot be attributed to Mg™ alose, but will be a prodect of the combined changes of
mwitiple ions; the Mg™ maln effect is now confounded with the effect(s) of the covaried ions.
Oaly major minecal oo ane showry (I, Fe'™, 2o and (" e alio confounded. pM calculated
using MINEOLs ver 4.5 (Emdsonmental Retearch Software, Hallowel, Maine, USA) chernical
oquilibrium sodeling system. lon levels ase bn mM. Confounded e are In Dold.

o belng vared.

in a list of the type and amount of salts to achieve the exact ion
concentrations specified by b (Supplementary Methods online). A
software application for making these calculations and generating
associated pipetting tables is available from the authors.

Equation (1) provides the means to generate exact solutions
of complex ion mixtures. Thus, ions can and should be manip-
ulated as independent factors in statistically valid experiments
(Supplementary Note online). The overarching impact of ion
confounding is that our understanding of ion-specific effects
on biological processes is primarily based on flawed experimen-
tal designs. This implies that the most basic ion-specific effects
on biological responses have never been properly characterized
(Supplementary Discussion online). The approach presented
here provides the means to overcome this fundamental hindrance
to valid experimental study of ion-specific effects.

Note: Supplementary information is available on the Nature Methods websile.

Randall P Niedz & Terence J Evens

Agricultural Rescarch Seevice, US Horticwltural Rescarch Laboratory, Foet Picree,
Florida M945,USA.
e-mail: rniedr@ashrlanusda.gov

1. Hoagland, D.R. & Amon, D.1. The water-culture method for growing plants
without soil, Univ, Calif. Coli. Agnc. Exp, Stn, Circ. 347,139 (1938),

MATURE METHODS | VOL.3 KOG | JUNE 2006 | 417
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Figure 1. Samples of harvested
plantlets of ‘Nishiyutaka,’ cultured on the
following media: A: 1.0 X Murashige
and Skoog (MS), B: 1.5 xXMS, C:
2.0xMS, D: 25X MS, E: 3.0 X MS.

(A). shoot growth_Nishiyutaka (B). dry weight_Nishiyutaka

77 0.12 -
51 01
=5 ©
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L a4 b b = -ED 1
= T 3 0.06 I b b
B39 . 3
2, | Z0.04 -
©
14 0.02
0 - 0 -
1 15 2 2.5 3 1 15 2 25 3
mesos concentration (x MS) mesos concentration (x MS)
(C). leaf size_Nishiyutaka (D). leaf colour_Nishiyutaka
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ab %3 b
b abc 7 .
0 % [ T 40 -
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Figure 2. Shoot length, dry weight, leaf size,
and leaf colour of ‘Nishiyutaka’ on increasing
mesos concentrations. Data represents
mean = standard

error (SE). Different lowercase letters
represent statistically significant differences
(p<0.05), n=10.

Plant Biotechnology 38, 401-408 (2021)
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