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Root-1o-5hool Weight Ratio!
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INTRODUCTION

The understanding of 1on absorption by plants s essontial to the solation
of the physicochemical processes invelved in pland growih. One considern-
tion ix the mechanism, pathway, and amount of nuivients that plant cells
ean accunmulate against an cleetrochemieal potentinl gradient from an
“external environment.

Two phases of uptake have been recognized by many authors (£,2,0)%
an initial rapid uptake, followed by a period during which the amounis
absorbed wre a function of ‘ime. Epstein and Leggel’s (2) work is worth
mentioning here beeatse of their presentation of rensonable evidence on the
existenee of these two phases. The evidence presented is consistent with
the view that the initial phase has characteristies of cation-exchange nd-
sorption, the equilibrnium of which is essentially completed in 30 minutes,
They worked with labeled strontium, and after 60 minutes, by replacing
the bathing solution with the same unlabeled clement ab the same concen-
tration, a desovption of labeled strontium oceurred, the time eourse ol which
resembled the intial uptake, Though a large part of the radioactlive stron-
tium taken up initially was readily exchangeable with ambient strontium,
afraction was not subject to rapid exchange, and lrther release was negli-
gible, as shown by a nearly horizontal trend of the second part of the curve,

Howover, Iipstein and Legget’s studies were carvied out with exeised
barley roots, probably because the objective was o investigate the trend
of salt accumudation rather than the involving influence of nutritional fae-
tors and physiological processes going on in an inlact plant, which add
complexily o the mechanisin of mineral absorption.

It is possibly true that some aspeets of the meehanism of mineral uptake
by root cells can be studied most simply by eliminating, during the experi-
mental period, the mfluence of root-and-shoot relationships. Kramer (3)
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pointed ouf, with reference to the statement that absorplion ovews prinei.
pally on the meristematic region of the roots, that it is based largely on
studies of salt accumulation in the eells of excised roots, rather than on
measurements of absorption through the roots of intact, actively transpir-
ing plants, '

The present study was carried oul to investigate whether the time-course
uptake of Na? by intact planis lollows a trend similar to that of excised
roots. It was also planned to investigate uptake and desorption with respeet
to the root-to-shoot weight ratio, a factor which may be visualized as re-
flecting the photosynthetie, energetic, and metabolie activity in an intact
plant.

EXPERIMENTAL METHODS

LABORATORY PROCEDURE

IFrom & bunch of around 80 corn scedlings 10 days old, grown in nutrient
solution with forced aeration, 60 appureutly healthy plants were selected
for the experimental procedure, Precautions were taken to avoid damage
to the roots, the length of which ranged from around 15 to 30 em. The
scedlings were next placed with their roots immersed in 0.1-concentration
Hoagland’s Solution for about 15 minudes belore the zero time of the experi-
ment started.

A lime-course uptake of Na* was outlined for exponenfially inerensing
periods of 10 10%, .. .10 minutes. The bathing solution contained 10 ue
of Na® in 1 liter of 0.1-strength Hoaglaud’s solution, One intact plant was
vemoved from the solution at the end of each of the above-indicated ab-
sorption periods. After removal of each plant the inmmmersed roots were
rinsed for about 2 seconds in distilled waber and separated from the shools
at the base of the hypocotyl. Both seetions, roots and shoots, were then
carcfully placed ivside test tubes properly identified.

AL the end of 10- and 100-minute periods nine other seedlings were re-
moved in addition to the corresponding one, This was done to follow as
well a time-course of desorplion with increasing time. The nine seedlings
were treated as follows: Five seedlings were placed in 0.1-strength Hoag-
land’s solution confaining 0.005-M. (molar) NaCL At the end of 1, 3.2,
10, 32, and 100 minutes, one plant was rapidly removed and the same pro-
cedure was followed, placing roots and shoots separated in identified (est
tubes. Three other plants were placed in distilled water for I, 10, and 100
minutes, and a last plant was placed in O.-strength Hoagland’s solution
for 100 minutes, these too being handled like the previous seedlings.

The experimental work was replicated twice. Oue-milliliter aliquots were
removed from the radioactive solution at the end of 1, 100, and 1,000 min-
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utes to check whether any change in Na® concentration occwrred during
the couwrse of the experiment.

The separated roots mud shoots of L healthy seedlings, also selected from
those remaining i the bunch, were weighed green, "Fheie drey weight was
also deternmuned, The mean weight of the 11 roots and shoots, green and
dry, was defermined to derive o dry- to green-weight conversion factor, and
present the results on the basis of fresh weight of plant material. The dry
weight of all the experimental material in the test tubes was determined
for this purpose,

COUNTING PROCEDURE

The rools and shoolx, separated in iest {ubes of the proper size, were
counted for v emission of Na® in a seintillation-counter consisting of a
apectrometer with an electronie sweep and a scaler counected to a precision
timer. This provided for a eflicient deteetion of rays. All samples were
corrected for buckeround and the results were all ealenlated to read in counts
per minute.

Count rates were also made for the I-ml samples obianed from the
radioactive solution at the end of 1, 100, and 1,000 minutes. The mean
count rate was 9,525 per minute, and the highest devialion was found to be
within 31y pereent of the mean,

RESULTS

The time-course uptake of Na* with exponentially inereasing periods is
presented in table 1 for the two replications. L{ s apparent from figure 1
ihat the uptake of labeled sodium by infact corn plants was «till inereasing
exponentially alter 16.67 howrs (1,000 minutes), though in some instances
it approached a saturation point. Shoot uplake also inereased somewhat
exponentially with time after the first 10 minutes (table 1), It appeared to
be dependent on root uptake, although independent of rooi-to-shoot weight
ratio. However, where values of this ratio exhibited grealest deviations
from the mean, an inverse relationship existed with respect to the trend of
uptake of Na® by the intact plants with time.

The resulis obtained for the time-course of desorption of labeled sodium
after 10 and 100 minutes are summarized in table 2. The shoot, apparently
exhibited little or no leaching with time, irrespective of leaching solulion,
The results arve rather inconclusive with respeet to the shoot. However, the
Arend of desorption of roots plus shoot with time appears aguin {o be affecfed
by extreme values of rool-to-shoot weight vatio, this time in a diveelt manoer,
The Lmited results obtained with distilled water and Hoagland’s solufion
s lenehing solutions give no assistanee in comparing desorption with and
without the presevce of exchangeable ions.
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Tapry Le-Pime-conrse of wplake of Na* by individwal corn seodlings, as ndicaled
by their ooray emission in eownds per minle
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I'ra. 1--The time-course of uptake of Na®* by corn seediings, determined by log-
log linear regression analysis, The time-course of desorplion trends, after 10 and 100
ntinutes, are also indieated, Rep. = replication; cpm = connts per mimto.
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The time-course of desorption of Na™ by the corn seedlings is also pre-
sented graphically in Ggure 1 for the fest replication to visualize better
the actual nature of uptake and desorption with time. The curve describing
desorption of Na® with respeel to time, alter 10 minutes of root exposure
{o the labeled fon, is faivly well defined, except for the seedling leached for

Tanue 2o-wie-canrse of desorption of No®* by {ndividual corn seedlings, as obiained
bir feaching of the labeled element anith diflerenl solulions, of ter 1Q and 100 niinules
cxposure of the vools to the labeled bathing solution
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100 minutes. 'The amount of Na® leachad in this particular case was the
least, despite the seedhngs being bathed for the longest period. The best
possible explanation of this law leaching appears to veside in the abnormally
low root-lo-shoot weight ratio. In fuct, it was the lowest of all the etpori-
mental material. Otherwise, this desorption eurve appears to suggest a
rapid desorption followed by o steady desorption phase.

In general, it appews that ander the experimental conditions, those
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seedlings having the lowest voot-to-<hoot weight ralios exhibited greater
uptake and less desorption from the complete plant per graan of fresh-
weight root. On the other ad, seedlings with the highest values ol this
ratio hehaved oppositely.

In an attempt 1o relate roob-to-shoot weight ratio with uptake aod ab-
sorption trends with time, the expected values of uptake and desorption
with tine were caleulated by log-lag linear regression. This analysis was
made separately for the first and second replications of uptake, as well as
for the first and seeond veplications of leaching with Hougland’s solution
with ambient sodimm ions, started affer 10 minutes of exposure to the
labeled bathing solution. Linear regression was nol significant Lo produce
reliable expected values for the rvest of the dada.

There appears to exist, as indicated by figure 2, a signilieant, relationship
between the ratio of expeeted 1o actual counts per minute (epm) of labeled
socdium present in (he intact plants, on a per-gram iresh-weight root basis,
and their root-to-shoot weight ratio. This functional relationship remains
valid for hoth uptake and desorption phases of the intact plants, Values of
both ratiox increase directly proportional to each other, as given by the
regression equation describing fignre 2, Tlos implies that, as the fresh
weight of roots for o given seedling inereases with respect to its shoot, the
spoecilic activity of No* is less than that of the expeeted value for the given
time-course trend of cither uptake or desorption. Thus, under conditions
of @ high absorbing surface, not balanced accordingly by shoot volume,
given intact plant. generally indicaled less uptuke (less radinnetivity) ad
greater desorption (fess racionetivity) than o scedling with or near o root:
=hoot ratio of around 0.39, which was the mean value of the experimental
plants. It s rather interesting o note that by the equalion

lixpecled ¢pim . e
gra N e 4+ 185 R/S
Actual epmn
representing the linear regression equation of figure 2, when K/S is substi-
tuted by the mean value of this ratio, {or the experimental material used,
the ratio of expected 1o actual counts per mute s unity.

DISCUSSTON

"The questions to which answers were sought in this experiment may be
summarized as follows: 1, Do intact plants absorb and accumulate lons as
found with excised roots, that is, make a vapid initial uptake whose equi-
librium is essentially attained in 10 minutes, this followed by a steady ac-
cumulation phase? 2, Is mineral accumaiation in the shoot, or in the intact
plant, o root-dependent funetion, that ix is a root-and-shoot pathway for
aecumulation in series, or in parallel?
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[Fre. 2.~The ratio ol expected (o actual values of nptake and desorption, as a
function ol (he reol-Lu-shoot weight ratio of the eorn scedlings,

The influence of a continuous supply ol substrate material to the roots
from the aeriad parts o the plant, which may inelude earviers to o point of
entry against o concentration gradient, appears to alter the uptake and
acenmulntion pattern oblained by various investigators when working with
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excised rool=. However, the results here obtained do wot offer conelusive
evidenee heeanse of experinental noeertaintios. For example, the time used
i rinsing the roots of seedlings alter completion of exposure time in the
Jabeled solution was more eritical flum was expecled. For shor(-Lime expo-
sure periods (1, 3.2, aud 10 minutes) 2-second rinsing is dilfferent from 3.
Also, the environmental conditions influeneing respiration and transpiration
rates of the oxperimental material along the duration of each replicate may
have differed somewhat.

The high, off-frend values of specific activity obinined in both phases of
uplake and desorption of labeled zodium are apparently connected with the
shootl. All the seedlings with extremely low values of voot-toshoot weight
ratio exhibited ecither greater than expected uptake ov less than expectod
desorption, per gram of fresh-weight root. On the other hand, the greater
£2/8 values tended (o be associnted with lower than expected uptake or
greater than expeeted desorption. The supply of carriers or earrier sub-
strates from the sheot 1o a point of entry in the roofs-——as an aclive com-
pouent, or franspirational pull —as passive component, or hoth, muy largely
account for the significant relationship shown in ligure 2. As o low R/S
ratio leads to a divergent condition with respect to transpiration, which
may imply reduced transpiration rates, uptake and transpiration would
not relute well.

The possibility exists that aw active, rate-dependent transport mecha-
nism originating in the shoot, may serve us a better explauation for the
relationship given by figure 2. The computation of vesutis i terms of specifie
activity minimzes the quantitative influence ol the rools, as component
in the root-shoot ratio, on uptake or desorption trends, An intaet plant with
fow root-fo-shoot weight ratio may be considered to have a more eflicient
active transport mechanism, It is probably less rate-dependent with respect
to the downward supply of carriers or vespiration substrates. Respiration
is necessary to provide the energy of accumulation (/). On the other hand
a plant with a high root-to-shoot ratio is probably more rate-dependent
with respeet {o respiration substrates, and thus is provided with a less
efficient active transport mechanism. Mineral transloeation hy mass flow
along the {ranspivation stream may become more aetive i this case. This
may give rise to a convergent coicdition, and if the plant ix allowed
to undergo desorption, leaching would proceed more [reely due to greater
“eongestion” in the “free space”. The limited resulls of s experiment
suppord these views,

The vaviable weight of rools of the intact plants presents o problem nol
accurately solved by expressing the activity on a per-gram, fresh-weight
basis. Kramer (4) and Wramer and Wiche (5) found that absorption rates
varied along longitudinal sections of the roots and were not Hmited to the
meristematic regron, though gradients actually ocenr.
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As {o whether seeumulation in [he shoot s i series” or “in paraliel”
wilh aceumulation in the roots, the Tormer appears (o be more likely, in
contrast (o Epstein’s (2) postulate that shool acenmulation = o paratlel”
with that in the rools.

The resalts of this experiment have o bearing on the management ol
clipped pastures, Alter harvest, a given stand ix at s upmost root-to-shoot,
atio, and thus, mineral nutrition is hiable 1o be critical, The height of
clipping enters here as an important tactor. 1 elipping is curvied during days
of high rainfall, waterlogged conditions may prevail for some days, and the
situation worsens due o low oxygen content and low temperature avonnd
the voots, econditions not proper for normal respiration.

SUMMARY

A laboratory study was made {o investigate the time-course uptake of
Nu® by intact plants. T'he time-course desorption of Iabeled sodinm was
also Investignied alter fwo exposure periods, while the uptake course in a
hathing solution was going on.

A significant relationship was obtained for the ratio of expected {o actual
values of uptake and desorption as a function of the root-fo-shoot weight
ratio. By expressing the activily on a per-gram fresh-weight root basis
{speeific achivity) it appears that Iow values of root4o-shoot ratio ave asso-
cinded with greater than expected volues of uptake and greater than ex-
pected values of desorplion. The opposite is gencrally oblained with vespect
to extreme high values of the root-to-shoot ratio.

The predominance of active transport as an acevnulation mechanism is
suggested when low root-to-shoot ratio values eharacterize the intact plants.
High ratios would favor {ranslocation by way of passive mass-low aloug
the transpiration stream,

RESUMEN

Se realizd un estudio en el laboratorio para reconocer la tendencia de
absorcion del Na? por plautulas de maiz, en funcion de tiempo, Simultdnea-
mente, también se estudid la deabsorveidn del sodio mareado en funeién de
tiempo, luego de dos periedos fijados de absoreién.

Se obtuvo una relacion significativa cuando se correlaciond la razdén de
los valores actuales de absorcidn y deabsoreion, a los estadisticamente prede-
eibles por regresion lineal, respectivamente, como funcion de la razon peso
imedo de L rafz 2 peso hidmedo de 1n seeeion vegelativa, Los valores bajos
de exta GHina razon parceen estar asociados con los valores de radiactividad
especilica mayores que Jos esperados para ambas fases de absorcion y deab-
soreién. Lo contrario ocurre, generalmente, con respecto a las plintulas con
una alta proporeidn de rafses, con relacidn a la scecidn, vegetativa,
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Bajo las condiciones de razdn baja en el peso rafz--seecion vegelbativa, se

sugiere la presencia de un mecanismo activo de transloeacion y acumula-
ciche de wninerales en las plantas, Los valores altos de dicha razdén dafan
lugar a un flujo mayormente pasivo, por la via transpiratoria,

G.
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