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Introduction

One criterion of the effectiveness of fertilizers supplied to the plants’is the
degree at which the applied nutrients are absorbed by the plant’ translocated
to ‘other plant parts. Two distinct but not easily sep‘arated processes; absorption:
and transport or mobility are involved. Transport of root absorbed nutrients
occurs via the xylem, while transport-of foliar absbrbed nutrients undoubtedly
occurs via the phloem. It is apparent that the absorption, and subsquent trans-
ports of nutrients by root and foliar -applications - are not necessary the same:
The ‘extent 'of "distribiition (mobilitjr, xylem and phloem transport) of - each
element in the plant is an important 'considération' both in root and foliar ap-
plications  of fekrtkilizer to satisfy nutrient needs of plants, in assaying the ca-
_ pacity of meristems to initiate “internal starvation” and “keying-out” nutritional
_ deficiencies. - Symptoms of ‘malnutrition may arise from lack of mobility as well.
as lack of initial absorption. ‘ R o
: Only in a few instances and with a limited number of the essential elements
~have rates of folia% absorption and -transport been i‘eported. “As With' most of
the agricultufal'reéearches isotopic-labeling offers a unique approaéh to studies
of nutrient absorption, transport (export) from leaves and roots, and mobility.
The -rates of absox'ption, by tomato pIants, of radioactive zing; ‘iron, calcium;
and their subsequent ‘mobilities and partitioning within plant parts, with special
reference to the effect of gibberellin are herein presented. ' '

Materials and Methods

A Roma tomato variety was selected as experimental plant because of its
- uniformity both in germination and growth. Seeds were germinated in coarse
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sand ‘in the greenhouse After emergence of the seeds and after one trans-
plantlng in-the sands; the seedling were transfered to solution cultures. Half-
strength Hoagland solution was used in about 500 ml in each ijar for each plant.
Two days later, four groups of plants, with 15 plants in one group, recelved 0
-20-21;:100-105, 200~210 ﬂg/plant of g1bbere1hn by droplet applications to the
growing point. Three ‘more days later; all plants received the following isotope
treatments: : ' : : ; g :

(A) " For: root applications: isotopes ‘with total activity of 10 uc were added
to the nutrient solution. , :

(B)  'For foliar applications:  isotope solutions ‘with an activity of 5 uc/ml
were painted on one of the healthy leaves, usually the second leaf from the
base ‘of the plant.

The radioactive isotopes, their physical and chemical characteristics and
‘the pH of the treating solutions used are listed in Table 1. - Solutions of each

~were prepared with the appropriate: carrier at concentrations non-injurious to
leaf surfaces, and at pH levels: previously determined favorable for rapid uptake
by Bukovac and Wittwer (1957).

Table 1. Treating Solutions of Various Isotopes

Isotopes Chémical Form : pH value of Treating Solution
Ca-45 CaCl ~ 30
Fe-55-59 FeCl, , . . 2.9
S=35 SO, ; 3.0
Zn-=65 : ZnClg ’ . 3.0

At various intervals (6, 24, 48, 96, 120 hours) after treatment three plants
from each of the gibberellin treatments were harvested; One of the .intact
' plant speamens was then dried, exposed to X-ray film and autoradiogram pre-
pared according to methods outlined by Wittwer and Lundahl. The remainder
plants were sectionized. or partitiened as follows: :
» (A) For root application of radioisotopes, the roots, stem, and leaves.
(B): - For foliar -application of rad101sotopes, the ‘treated leaf; non- treated
leaves plus stem; and roots; : e
' The plant parts were eut into small segments placed in 50-ml beakers, dried
at-70°C -for 48 hours in ah oven and the dried samples were ground and wet
digested with concentrated ﬁitric acid and hydrogen peroxide, evaporated to
dryness, and then assayed for .radioactivity using . end-window. G-M 'tube,
gas-flow ‘or scintillation: counters "and’ standard- scaler ¢ircuit: ‘Self-absorption
was f(y)und'negligible for all ‘isotopes in using the proper types of counter. .

2




Jan., 1964 - : Chen—Gibberellin Treatments ~ 19 ’

Results and Discussion

1t is obvious that plants roots. and 'fbliage absorbed nutrients at greatly

- varying rates,"'(Figufes 1-8 and Tables 2, 3). In some cases, foliage absorbed

nutrients ‘much more rapid than the roots did, for instance in the cases of
calcium ‘and’ sulfur, this is in agreement with most investigators with different"
crops. - On the other hand, some elements such as zinc and iron, were abéorbed
at a less rapid rate in foliar applications than in root applications (Tables 2;3),
the reason fof this was not known, since the exact mechanism of the absorption
of these elements by plant cells is still not clear. As to various isotopes, some’
elements were absorbed faster than others, this was the case for both root and
foliar -applications. ‘Furthermore, some  élements were absorbed_ more than
others in leaf application: while they were absorbed lesser in root application
than - others, distinct ‘example for ‘this situation is presented in Tables 2, 3.
Radiosulfur when applied to the foliage of tomato seedlings, after the absorption
period of 120 hours; an activity of 12,200 c¢pm’ was recovered in-all plant parts,
while only 3,554 cpm - was recovered for radiocalcium. In the case of root
application, the reverse was true when an activity of 1,476 cpm was recovered
for calcium and only 674 cpm for -sulfur, ‘The reason for this differential
absorption ‘was not known.  However, it is thought, -although there is no ap-
parent evidence; that when two ions of same valence it seems there is a more
favorable - absorption for c¢ations than -anions in root absorption, since cations
such as zinc, and calcium held the same trend in being absorbed more favorable

»by roots as compared with the absorption of these elements by the leaves

(Tables 2 and 3).

Table 2. Absorption and Translocation of Root-Applied Isotopes
: by Tomato Seedlings as Influenced by Gibberellin
: (Absorption Period: 120 Hours)

% -Absorption & Translocation Tofal Absorption
Gibberellin Nonlireated

Treated Roots g CPM

treatment Leaves & Stem ( )
Ca45 SS.’: Znﬁ5 P‘es5 Ca45 585 aniﬁ FeES Ca45 S35 Zn65 Fe55
~ Checks 74} 19.8 42.1 1 8L.1 | 92.6 80».’2 57.9:1-199 ‘ 1,467, 674 |- 6,987,150
21pg 13.0 1235 326 | 857 | 87.0 | 765 | 67.4 | 143 | 1,252 537 | 5348 20
105pg 15571217 {315} 86.3 | 845 | 78.3 1 685 | 13.7 | 1,041 633 | 5652 39
210ug 18.8:7-25.2 7| 46.4|°'89.1 | 81.2 | 749 | 53.6 |-10.9- | 1,793 511 3,434 66

: Time is another important factor for root and foliar absorption of nutrients
and the subsequent transport of nutrients within: the plant. Practically in all
cases; rapid absorption and translocation of the applied-isotopes occured within
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Téble 3. Absbrptz'on and Translocation of Foliar Applied Isotopes
by Tomato Seedlings as Inﬂuenced by Gibberellin
(Absorptzon Period: 120 ‘Hours)

% “Absorption & Translocation Total Absorption
Gibberellin
. Non-treated
treatment Treated Leaf Leaves, ‘Stem and Roots : (CPM)

Catt ' 885 ‘ Zn65 ' Febs Cats ’ S8 l Znﬁﬁ Febs Cats Sss ‘ Zn65 ‘ "Rt "y

Checks : 97.6 | 966|682 {803 | 24 | 34318 |197 3,078 12,200/ 38 | 38 4w

21pg 98.8 971 1909 |829 | 12|29 | 91 171 | 2718 7,251| 198 | 24
1050g 19937979 19841875 | 0.7 |21 | 16125 2,200 7171 90| 17
210pg - 992|974 1961 {887 | 0.8 | 26| 39 | 113 | 1,901 8959 228 13

48 hours after treatments were made, with the exception of the root application '
. of radioiron in which the major portion of iron was absorbed 96 hours after
' treatments were made (F1gures 1-8). If comparison of root absorption of calcium
and iron is being made, it is easily seen- that plant roots “absorbed much more
- calcium than iron in a given period of time (Tables 2 and 3). 'Also, the absor:
ption of iron was much slower than the absorption of calcium by the roots
(Figures 5 and 8). This is thought to have two reasons, firstly, the plant requires
more' calcium than-iron for its normal ‘growth, secondly, ‘root cells absorb and
accumulate divalent cations more and faster than trivalent cations.  Since the
iron used “in. this experiment was in a form of Ferric chloride (FeCly), the
uptake of the trivalent iron was accordingly at a less rapid rate. '

Generally speaking, foliar absorptibn of ‘calcium’ and sulfur is much more
efficient than root absorption in terms of percent absorption. However, the
subsequent tfanslocatidn of  the absorbed elements is not necessary ‘the case.
According to the autoradiograms shown in this report (Photo 1-21}, The mobility
or phloem transport of calcium is much lower than the rest of the ‘elements
studied. Bukovac and Wittwer proposed that calcium; not exported from the
leaf and is considered immobile, chlorine and sulfur are feadily absorbed. by
the leaf and are highly mobile, while zinc and iron are intermediate in their
mobility ‘or phloem export. - From the gross autoradiogram studies the results
‘of this experlment confirm previous reports by various 1nvest1gators

As to the effects of g1bbere11m on the nutrient absorption by plant cells :
There was no significant dlfference between the gibberellin treated and non-
treated plants. However, a trend that gibberellin depressed the absorption and
subsequent translocation of nutrient did exist, and this depression was progres-
sively noticeable as the ‘amount of gibberellin increased (Tables "2-3).

In previous studies by the author (1961), it wasfdund that gibberellid retard
root development to a fairly great extend in terms of dry weight and root length:
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Photoes 1-8 Autoradiograms showing the absorption and translocation of foliar and
root applied Ca-45 to tomato seedlings, 120 hours following application of
the radioisotopes.

A B C D

Photoes 1-4 (upper left to right) foliar application.
Photoes 5-8 (lower left to right) root application.
A, B, C, D representing gibberellin treatments 9, 21, 105 and 210ug. respectively.

Photoes 9-21 Autoradiograms showing the absorption and translocation of foliar and root
applied S-35 to tomato seedlings, 120 hours following application of the
radioisotope, and autoradiograms showing the absorption and translocation
of root applied Zn-65 of tomato seedlings at various absorption periods.

Order of photoes: left to right and upper to lower rows.
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Since greater absorption is expected only when the plant has a well developed
root system, the low absorption and translocation rates were expected. The
development of the root system for the plants in this experiment was not
noticeably retarded by gibberellin, this is due to the fact that the plants were
harvested only 5 days after the gibberellin treatments were made, it was not
long enough for the plant to show any response caused by gibberellin.

Summary

1. Absorption and subsequent translocation of root and foliar applied zinc,
iron, calcium, and sulfur by tomato seedlings were thoroughly studied in this
investigation. ,

2. It is found that plant roots and foliage absorb nutrients at greatly
varying rates.

3. Some elements were absorbed faster than others, this is true both for
root and foliar applications.

4. Some elements were absorbed more than others in leaf application while
they were absorbed lesser in root application than others.

5. Practically in all cases, rapid absorption and translocation of the applied
isotopes occured within 48 hours after treatments were made, with the excep-
tion of the root application of radioiron in which the major portion of iron was
absorbed 96 hours after treatments were made.

6. Trivalent iron was absorbed and translocated at a rﬁuch less rapid rate
than the divalent calcium ions.

7. Foliar absorption of calcium and sulfur is much more efficient than root
absorption in terms of percent absorption, but the subsequent translocation of
the absorbed nutrients is not necessary the case.

8. From the gross autoradiograms. studies, the distribution of nutrients
within the plant confirm previous reports by various investigators. '

9, A trend that gibberellin depresses nutrient absorption and subsequent
translocation exists although significant difference between treated and non-

treated plants was not found.
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