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MINERAL DISTRIBUTION IN RELATION TO FRUIT DEVELOPMENT
AND MONOCARPIC SENESCENCE IN ANOKA SOYBEANS!
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ABSTRACT

The changes in distribution of several important mineral nutrients (N, K, Ca, Mg, Mn, and Fe) were
studied in relation to monocarpic senescence (measured as leaf yellowing) and fruit development in
hydroponically-grown (and to a lesser extent field-grown) Anoka soybeans with particular emphasis on
the leaves and seeds. Only N shows a clear redistribution from the leaves to the seeds as the seeds
grow, and this transfer starts before visible leaf yellowing. K, Ca, Mn and Fe do not seem to redistrib-
ute, but Mg may undergo limited redistribution. Depodding prevents the drop in the amounts of
minerals in attached leaves by blocking leaf shedding and/or redistribution and also creates some
quantitative changes in mineral distribution. On a g fresh weight basis, only the N content of leaf
blades decreases during yellowing; the K, Mg, Ca, Mn and Fe contents do not decrease. Therefore,
depletion of the latter minerals from the leaves cannot be responsible for their yellowing. Although N
deficiency alone could cause foliar chlorosis, the monocarpic yellowing pattern is distinctly different

from that induced by N deprivation.

THE CONTENT of at least some minerals (particu-
larly nitrogen) appears to decrease in senescing
plant organs (see Gregory, 1937; Miller, 1938;
Williams, 1955; Howell, 1960; Ohlrogge, 1963;
Hanway and Weber, 1971; deMooy, Pesek, and
Spaldon, 1973; Kollman et al., 1974; Noodén and
Leopold, 1978). Often, this loss from senescing
organs is counterbalanced by a corresponding in-
crease in storage tissues of developing fruit and
therefore seems to represent withdrawal from the
senescing organs. In general, these studies are
concerned with the relationship of mineral distri-
bution to fruit development rather than with
senescence. From these data, one cannot deter-
mine how the start of changes in mineral distribu-
tion relates to the start of senescence or how the
rates of these two processes are related. Fur-
thermore, the apparent decrease in mineral con-
tent may in many cases be the result of shedding
of the senescing organs rather than redistribu-
tion. This apparent redistribution of minerals
from the vegetative parts to the developing fruit
of monocarpic plants has given rise to the sugges-
tion that the fruit kill the plants by depleting their
vegetative parts (especially the leaves) of needed
minerals (see Noodén and Leopold, 1978). This
theory is supported by the observations that re-
moval of the flowers or young fruit (the apparent
sinks) can prevent or at least delay senescence in
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many monocarpic plants including soybeans
(Leopold, Niedergang-Kamien, and Janick,
1959; Lindoo and Noodén, 1976; Noodén and
Leopold, 1978). Furthermore, any of several
mineral deficiencies can produce leaf yellowing
(Sprague, 1964), though no single deficiency
syndrome precisely matches the yellowing pat-
terns which develop during monocarpic senes-
cence of soybeans. Because it is essential to have
a clear picture of mineral withdrawal or redistri-
bution in relation to senescence, we have
analyzed the distribution of certain essential
minerals in relation to the time course of fruit
development and senescence of soybeans and
also the effect of depodding (which prevents
monocarpic senescence in soybeans) on mineral
distribution as part of a study on the physiology
of monocarpic senescence in soybeans.

MATERIALS AND METHODS—Plant culture and
measurement of development—Soybean (Gly-
cine max (L.) Merrill cv. Anoka) seeds were
sown in vermiculite, and when the primary
leaves had unfolded (at approximately 10 days),
the plants were transferred to plastic freezer con-
tainers with about 1 liter of full strength, mod-
ified Hoagland’s solution plus iron EDTA (Arnon
and Hoagland, 1940). Two plants were placed in
opposite corners of each container. The level of
the solution was restored daily with distilled wa-
ter, and every 14 days, the solution was replaced
with fresh Hoagland’s solution. Solutions were
aerated at a rate of 30 ml/min with air previously
bubbled through water. The plants grew vigor-
ously under these conditions with no sign of min-
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eral deficiency (yellowing or slowing of growth
rate) before fresh mineral solution was added.

For the first 30 days, the plants were cultured
at 26 C in a growth chamber with continuous
incandescent light and 10 hr fluorescent light
each day (intensities given in Lindoo and
Noodén, 1976). After 30 days, the light regime
was changed to a short-day photoperiod of 10 hr
light at 26 C and 14 hr darkness at 19 C.

Senescence (leaf yellowing) and fruit maturity
index (FMI) were scored using the method of
Lindoo and Noodén (1976). Fruit on depodded
plants were removed at stage 2 starting at FMI
1.5 (short day 32) and every 3-4 days thereafter.

Although hydroponic plants grown in en-
vironmental control chambers have many advan-
tages (better control, ease of collection of roots
or fallen leaves), they differ considerably from
field-grown plants (the former being taller, hav-
ing thinner stems and leaves and lacking root
nodules). Thus, it seemed valuable to do some
checks on field-grown plants to see if the same
general picture would hold true, so plants were
also grown outdoors at The University of Michi-
gan’s Matthaei Botanical Gardens by using stan-
dard agricultural equipment. Seeds inoculated
with Rhizobium japonicum (soybean inoculant,
Rudy Patrick Co., Inoculant Labs, Princeton,
Ill.) were drilled about 2 in. deep in rows 36 in.
apart during the last week of May in soil which
had previously been plowed, disked and fer-
tilized (10-6-4, about 200 1b per acre). The soil
was cultivated twice, and the plants were irri-
gated as needed. Several rows were depodded
twice weekly starting when the fruit maturity
index was about 1.5 and thereafter as the fruit
reached stage 2.

Plant harvest and acid digestion—Podded and
depodded plants were harvested at about 1 PM
every 4 days starting about FMI 1.3, about Au-
gust 1 for field-grown plants or short day 32 for
hydroponic plants. The harvested plants were
separated into stems, petioles, leaf blades, car-
pels, and seeds (also roots for hydroponic
plants), and their fresh and dry weights were de-
termined as previously described (Lindoo and
Noodén, 1976). For hydroponic plants, fallen
blades and petioles were also collected and mea-
sured separately. The pods removed from the
depodded plants were frozen and stored at —13 C
until analyzed. Field-grown plants were likewise
kept at — 13 C from harvest until they were used.

Dried plant material was digested in concen-
trated H,SO, with 0.2% (w/v) Na,SeO, and 0.1%
(w/v) CuSO,-5H,0 as catalysts (Dawson et al.,
1969). Approximately 0.01 g of dry plant material
was added to 1.0 ml of the digest solution which
was then heated in a sand bath at 280 C until 8-12
hr after the solution became colorless (approxi-
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mately 48 hr). The digestion solution was then
diluted to 10.0 ml with H,O. Six digestions were
made for each plant organ at every harvest date.

Nitrogen determination—The nitrogen content
in the digested plant samples was determined by
the following procedure modified from Middle-
ton (1960). This is the classical Kjeldahl digestion
with a catalyst (Humphries, 1956), except that
the nitrogen was determined in the digest with
Nessler’s reagent. To 1.0 ml of diluted digest so-
lution, 4.0 ml H,O, 1.0 ml 10 N NaOH, 1.0 ml 0.6
N sodium tartrate, 1.0 ml 2% (w/v) gum arabic,
and 2.0 ml Nessler’s solution (Folin-Wu, Fisher
Scientific Co.) were added. The gum arabic and
Nessler’s solution were filtered through What-
man No. 1 paper before use. The intensity of the
resulting brownish-yellow color was measured in
a Klett-Summerson colorimeter. Standard nitro-
gen samples containing glycine were digested
and determined with each analysis.

Since this method, like the Kjeldahl proce-
dure, measures primarily reduced N, it is possi-
ble that some of the nitrate may not be reduced to
ammonia during digestions (Humphries, 1956).
Therefore we modified the procedure by adding
salicylic acid in the digestion mixture for some
samples so that all of the nitrate would be re-
duced to ammonia (Humphries, 1956). However,
this did not increase the ammonia content of the
digest, which means that the amount of nitrate
was relatively low or it was reduced in the origi-
nal digestion.

Ca, Fe, K, Mg, and Mn determination—Ca,
K, Mg, and Mn levels were determined by neu-
tron activation of dried (undigested) plant mate-
rial by using short-term irradiation in a pneumatic
tube at the Ford Nuclear Reactor in the Univer-
sity of Michigan Phoenix Memorial Lab followed
immediately by counting on a GE (LI) gamma
ray detector and processing on a Nuclear Data
4420 computer analyzer. In order to measure Fe,
the same samples were irradiated in a high flux
position (1.5 x 10 neutrons/cm?*-sec) for about
10 hr and then allowed to decay for about 1
week before gamma ray analysis as above. The
levels of Mo, Zn, Cu and other minerals which
are of interest and which could be determined by
this procedure were too low to measure accu-
rately. Owing to the expense of neutron activa-
tion, only key samples (leaf blades and seeds)
were analyzed and only from selected harvest
dates.

Ca, K, and Mg concentrations were also de-
termined by atomic absorption spectroscopy on a
Jarrell-Ash Atomic Absorption Flame Emission
Spectrometer (model 82-526) by using a
propane-air mixture. The diluted H,SO, digest
solutions were used for these determinations,
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Fig. 1. Time course of senescence and fruit maturation in

Anoka soybeans grown in Hoagland’s solution.

and ionization was suppressed by adding ultra-
pure CsClI (to the K test solutions) and ultrapure
KCl (to Ca and Mg test solutions) to give a final
concentration 2 mg/l K or Cs.

ResULTS—Senescence and fruit maturation—
Hydroponic plants were used for most of these
studies because of the ease of a complete in-
ventory of their parts, e.g., roots and fallen
leaves. In addition, the fact that these plants
were grown in controlled environment cham-
bers makes them less subject to variations
in weather and therefore more uniform than
field-grown plants. Because these plants differ
somewhat in their appearance, as mentioned
above, it seemed important to make determina-
tions on field-grown plants for comparison. The
Anoka soybeans grown in Hoagland’s solution
with a plentiful supply of minerals or in the field
showed a time course of fruit maturation and fo-
liar senescence (Fig. 1) qualitatively and quantita-
tively very similar to the potted plants described
elsewhere (Lindoo and Noodén, 1976). In all
cases, depodding as or before the fruit reach
stage 2 prevented senescence.

Nitrogen—Figure 2A shows the amount of ni-
trogen in the vegetative parts of hydroponically-
grown plants as the seeds develop. The decrease
was particularly striking in the leaf blades, which
contained most of the nitrogen until the seeds
developed, and there was almost a reciprocal re-
lationship between nitrogen content of the leaf
blades and the seeds. Relatively little nitrogen
was lost from these plants as a result of the leaf
abscission which occurred during this period.
The change in leaf nitrogen preceded leaf senes-
cence (cf., Fig. 1 and 2A); in fact, the nitrogen
content of the blades had dropped by about 50%
at the time when leaf yellowing started. In addi-
tion, both the mg nitrogen per g fresh weight and
per g dry weight of leaves decreased prior to yel-
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lowing, while the mg nitrogen per g dry weight
for seeds increased at first and then decreased
(Fig. 2B).

Depodding prevented the drop in nitrogen con-
tent of the leaves (Fig. 3A), while it prevented
leaf yellowing (Fig. 1), but at the same time, it
elevated the nitrogen levels in the stems, carpels
and roots. Likewise, depodding blocked the de-
crease in nitrogen per g fresh weight and dry
weight in the leaves (Fig. 3B).

The data obtained for field-grown plants were
very similar except that the seeds accumulated
twice as much nitrogen as was originally present
in the leaf blades. This additional nitrogen prob-
ably came from the external environment rather
than from the leaves. Since it was not practical to
harvest the fallen leaves of field-grown plants,
the actual loss of nitrogen in the abscised leaves
was not determined.

Curiously, the seeds of both the field-grown
plants and those grown hydroponically in en-
vironmental control chambers showed a small
decrease in nitrogen during the later stages of
maturation (19 and 36%, respectively). At least
for the plants grown indoors, this decrease was
not the result of seed loss (‘‘pod shattering’’).

Potassium—The amount of potassium (deter-
mined by atomic absorption) in the leaves of
hydroponically-grown plants also decreased
(Fig. 4A), and this occurred about the same time
that yellowing started (Fig. 1); however, most of
this loss could be accounted for in the fallen
leaves. Nonetheless, seed potassium increased in
a manner nearly reciprocal to the levels in the
leaves. Compared with nitrogen, a relatively high
proportion of the potassium was in the stems,
roots, and carpels. Interestingly, the potassium
contents of these organs decreased little (stems)
or not at all (carpels) or very late (roots). Deter-
mination of the potassium content in leaves and
seeds of podded plants by neutron activation
analysis gave results essentially identical to those
from atomic absorption.

In contrast to nitrogen, the potassium content
per g fresh weight in the leaves of podded plants
did not decrease and even increased during the
last stages (Fig. 2B, 4B). The potassium content
relative to dry weight also increased in the leaves
but remained unchanged in the seeds.

Depodding prevented the changes in potas-
sium levels in the leaves (Fig. 5A, B) and caused
a large rise in the amount of potassium in stems.

Podded plants growing in the field underwent
similar changes except that the seeds accumu-
lated 2-3 times more potassium than originally
present in the leaves.

Magnesium—As the hydroponically-grown,
podded plants started to senesce, the amount of



208

AMERICAN JOURNAL OF BOTANY

0.4
0.34 -
seeds
-
z
< 0.2 leat blades |~
a
N
z
@ stems
petioles
01 carpels
teof blades
follen
roots
[+]
[}
i
/.\\ -100 :
Vi S 1
20 L N |80 |
- d ~
5 ’ \\\ -
& 15~ ® seeds oo 5
E3 o
]
T 2
L 10 [-40
& x
o
o
9 5 20 ©
-4 S >
E’ feaf blades o
o T T T T T T o E
32 40 48 56 64 72
SHORT DAYS
4A pIu:l blodes,
/ fallen
/
150 B
seeds
100~ B
-
z
<
z
~
* carpels
@ stems
E
501 B
roots
leaf biades
T T T T
32 40 48 36 64 72
4B -°
p leaf blades
/
// 40
/
%
/
.. e
T AN o 30
o N~
w S e -8 seeds
2
% 54 leaf blades |20
W
& ad
33 10
x4
£14
]
o T T
2 40 72

48 56 64
SHORT  DAYS

mg K/g DRY WEIGHT

44 L
%13A
O\O\O/O Isof blades
0.3+ -
.
F4
<
T
N ’ L
z 0.2
o
stems
carpsls
0.1 -
roots
v Sweds
o —~ petioles
32 40 48 56 64 72
3B
= 20 80
o ~ leaf blades
2 O~
@ -
z 159 © L 0
X
a4
& 10 |40
o
> 5 120
-]
E
o T T T y T T o
32 40 48 56 64 72
SHORT DAYS
5A \/' (307)
stems feaf blades
150 —
-
z
=100 s
~
»
o
E
roots
50— -
carpels
> g—————=@ seeds
[«
1 1 ) ) l
32 40 48 56 6’4 72
1
‘ 5B 0 leaf blades [*° |
o 7 i
3 e T -
Q T~ |30 T
w (V]
3 77 o
T 6 leaf blades E
] >
3 5+ |- 20 g
4
N N
x 3 Lo
24 o
2 £
1 -
o o
32 40 4 64 72

48
SHORT DAYS

mg N/g DRY WEIGHT -——~

[Vol. 65



February 1978]

magnesium in the leaf blades decreased markedly
(Fig. 6A). Decreases occurred in the stems and
possibly in the roots, though to a lesser extent,
but the magnesium in the seeds and carpels con-
tinued to increase until fairly late into fruit mat-
uration. The gains in the fruit, however, were not
quite large enough to account for all the losses.
The fallen leaves should account for the rest of
the loss, but the amount of magnesium shed with
the leaves was small compared with potassium
and calcium. The mg of magnesium per g fresh
weight increased during the later stages of
senescence for those leaves which still remained
attached to the plant (Fig. 6B). On a dry weight
basis, the magnesium content went up in the
leaves but stayed about the same in the seeds.
Neutron activation analyses showed the same
patterns of change in the leaves and seeds of
podded plants. Although the samples for the
neutron activation and atomic absorption were
prepared independently, the values obtained
were within 20% of each other.

Depodding prevented the decrease in mag-
nesium content and even caused large accumula-
tions in the blades, stems and roots (Fig. 7A).
Judging from the darker green color of these
leaves, an increase in chlorophyll content may
account for at least some of the increase in leaf
magnesium. As was the case for podded plants,
the leaves of depodded plants also increased in
magnesium content per g fresh weight and dry
weight (Fig. 7B).

Calcium—The amount of calcium in the leaves
and stems of podded, hydroponic plants dropped
but increased in the seeds and carpels (Fig. 8A).
The loss in the attached leaves clearly exceeded
the gain in the seeds, and this loss was accounted
for by the fallen leaves. Both the mg calcium per
g fresh weight and dry weight increased, though
the latter started earlier (Fig. 8B). By contrast,
the calcium content relative to dry weight actu-
ally decreased in the seeds. The neutron activa-
tion determinations on leaves and seeds of pod-
ded plants gave the same patterns, but the
amounts of calcium were generally lower (about
40% less) than the values obtained by atomic ab-
sorption. The dramatic decrease in calcium con-
tent of the leaves was prevented by depodding
(Fig. 9A) as was the increase relative to fresh and
dry weight (Fig. 9B).

DERMAN ET AL.—MINERAL DISTRIBUTION AND SENESCENCE
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Field-grown plants showed quantitatively simi-
lar changes as the seeds developed.

Iron and manganese—The pattern of changes
in iron content of leaves and seeds of podded,
hydroponic plants was very similar to that of cal-
cium. The decrease in the blades started about
the same time as leaf yellowing and was not
equalled by the increase in the seeds (Fig. 10A).
During the senescence period, the amount of iron
relative to fresh weight of leaves did not change
substantially (Fig. 10B). On a dry weight basis,
iron decreased in the leaves but increased mark-
edly in the seeds. Some (about 40%) of the loss
of manganese from leaves was matched by gains
in the seeds. On a fresh-weight basis, the man-
ganese content of leaves increased (Fig. 11A, B).
The manganese content per g dry weight of
leaves rose and then fell late in senescence, while
it remained about the same in seeds.

DiscussioN—Many extensive studies on min-
eral uptake and distribution during growth and
maturation of plants (particularly crop plants)
have been published (see Gregory, 1937; Miller,
1938; Williams, 1955; Howell, 1960; Ohlrogge,
1963; Hanway and Weber, 1971; De Mooy et al.,
1973; Kollman et al., 1974; Noodén and Leopold,
1978), and some of these have dealt specifically
with soybeans (see Howell, 1960; Ohlrogge,
1963; Hanway and Weber, 1971; de Mooy et al.,
1973; Kollman et al., 1974). Because these
studies have had different objectives, the authors
did not attempt to correlate the time course of
mineral distribution (or changes in distribution)
with senescence. Thus it is difficult (or impossi-
ble) to use these earlier results to determine how
changes in mineral distribution relate to senes-
cence, e.g., relative starting times or if these pro-
cesses are parallel. Likewise, data for key organs
may be pooled with other parts and inventories
are often incomplete (e.g., missing roots). Simi-
larly, the units (kg/ha, % dry weight, % of total,
etc.) employed in many of these studies are of
limited use in analyzing changes in mineral con-
tents in relation to senescence. Furthermore,
these data are primarily for the minerals of
greatest agronomic interest (nitrogen, phos-
phorus, and potassium). For our purposes, it
seemed best to determine the absolute levels of
the minerals of interest and to work out inven-

-

Fig. 2-5.

Time course of changes in nitrogen and potassium content during fruit development and senescence in Anoka

soybeans grown in Hoagland’s solution. Determined by Nesslers reagent (N) or atomic absorption (K). 2. Podded plants. 2A.
Total nitrogen in various parts. 2B. Nitrogen content relative to fresh and dry weight. 3. Depodded plants. 3A. Total nitrogen
in various parts. 3B. Nitrogen content relative to fresh and dry weight. 4. Podded plants. 4A. Total potassium in various parts.
4B. Potassium content relative to fresh and dry weight. 5. Depodded plants. SA. Total potassium in various parts. 5B.

Potassium content relative to fresh and dry weight.
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tories for the different plant parts at various
stages of leaf senescence and fruit development.
In as much as the fresh weight of a leaf does not
change greatly during senescence as long as
it remains attached to the plant and the plants are
well supplied with water, expression of the min-
eral content relative to fresh weight can show
whether or not the concentration changes. This
can provide a measure of mineral influx or
exodus from the senescing leaves independent of
the mineral losses due to shedding of the leaves.
Measurements of mineral contents relative to dry
weight (or as a percent of dry weight) can be
compared as time or development progresses to
determine whether or not minerals are accumu-
lated or lost faster than other dry weight compo-
nents, but it is at this time difficult to interpret
these relative changes in relation to senescence.
The fact that this measure of mineral content
may be altered by either the mineral level or total
dry materials, both of which may be changing,
limits its usefulness.

The complete inventories for nitrogen, potas-
sium, magnesium and calcium show that the
major depot for these minerals in vegetative
plants is the leaf blades (also stems in the case of
potassium). As the fruits develop, the seeds be-
come major repositories of these minerals (ex-
cept for calcium), and at least on the surface, this
looks like a redistribution from the leaves to the
seeds. Two other minerals, manganese and iron,
studied less extensively, show losses from the
leaves, but the amounts in seeds do not increase
correspondingly. Since these leaves start to yel-
low and abscise at about the time when the
amount of these minerals in the leaves declines,
one wonders if the decrease is due to (a) redistri-
bution or (b) leaf shedding. The behavior of leaf
nitrogen seems different from that of the other
minerals studied in that the amount of leaf nitro-
gen decreases markedly well before leaf yellow-
ing starts and certainly before much abscission
occurs. Furthermore, the nitrogen per g fresh
weight in leaves drops precipitously, and the
amount in fallen leaves is comparatively small.
Therefore, nitrogen probably is redistributed
from the leaves to the seeds. Studies on nitrogen
deficiency symptoms have shown a similar nitro-
gen mobility with some redistribution from non-
growing to growing regions (Sprague, 1964). Of
particular interest is the observation that the N
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Fig. 10,11. Time course of changes in iron and manganese

content during fruit development and senescence in Anoka
soybeans grown in Hoagland’s solution. Determined by neu-
tron activation. Podded plants. 10A. Total iron in leaf blades
and seeds. 10B. Iron content relative to fresh and dry weight.
11A. Total manganese in leaf blades and seeds. 11B. Man-
ganese content relative to fresh and dry weight.

content of leaf blades has decreased to less than
10% of the original when the chlorosis-inducing
effect of the seeds can no longer be prevented by
depodding (Lindoo and Noodén, 1977). It is of

«—

Fig. 6-9. Time course of changes in magnesium and calcium content during fruit development and senescence in Anoka
soybeans grown in Hoagland’s solution. Determined by atomic absorption. 6. Podded plants. 6A. Total magnesium in various
parts. 6B. Magnesium content relative to fresh and dry weight. 7. Depodded plants. 7A. Total magnesium in various parts. 7B.
Magnesium content relative to fresh and dry weight. 8. Podded plants. 8A. Total calcium in various parts. 8B. Calcium
content relative to fresh and dry weight. 9. Depodded plants. 9A. Total calcium in various parts. 9B. Calcium content relative

to fresh and dry weight.
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considerable interest that senescence of soybean
cotyledons becomes irreversible when a similar
proportion, 80% of their protein, has been lost
(Krul, 1974).

Because of a) technical problems (interference
in the H,SO, digests) and b) the great difference
between phosphate deficiency symptoms and the
monocarpic senescence syndrome (Sprague,
1964), phosphate distribution was not analyzed
here. Earlier reports do, however, contain evi-
dence for some redistribution of phosphate from
leaves to fruit and even within flowers during
senescence (see Gregory, 1937; Williams, 1955;
Howell, 1960; Ohlrogge, 1963; de Mooy et al.,
1973; Kollman et al., 1974; Harrison and Arditti,
1976; Noodén and Leopold, 1978).

Since the content of potassium, magnesium,
calcium, manganese and iron per g fresh weight
of leaf blades actually increases, or at least fails
to decrease, it can be supposed that there is no
net efflux of these elements. This suggests that
the decline in the foliar potassium and calcium is
due to shedding of the leaves, and at least in the
cases of potassium and calcium, this has been
corroborated by the large amounts in fallen
leaves. Thus, it seems likely that potassium, cal-
cium and probably also manganese and iron are
not redistributed to any appreciable extent. This
is supported by mineral deficiency studies which
suggest that calcium, manganese and iron are all
immobile elements (Sprague, 1964). Potassium,
however, is evidently mobile under mineral defi-
ciency conditions (Sprague, 1964), but the same
mobility is not exhibited during monocarpic
senescence of our soybeans. In many ways,
magnesium looks like another case of immobil-
ity, for the level per g fresh weight in leaves does
not decrease and actually rises during the last
stages of senescence (the last leaves shed from
the plant), yet the amounts in fallen leaves are
not large enough to account for the losses, which
suggests there could be a rapid loss of Mg just
prior to abscission. Therefore, some mineral re-
distribution probably does occur, but some of the
minerals which accumulate in the seeds, particu-
larly potassium, are undoubtedly supplied di-
rectly from the roots rather than via the leaves.

The rate of accumulation or loss of a mineral in
a particular organ relative to other dry weight
components is of interest, even though it is not of
paramount importance in considering mineral
drain in relation to senescence. Only nitrogen
shows a really substantial decrease relative to
total dry weight in leaves, while other elements,
particularly calcium, increase relative to total dry
weight. Obviously, this ratio is determined by a
complex balance of processes, yet it supports the
idea that leaf nitrogen is relatively mobile. In
seeds, only nitrogen and iron seem to accumulate
more rapidly than total dry weight, while the
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other elements studied increase in constant pro-
portion to total dry weight, except for calcium
which accumulates less rapidly. What these dif-
ferent patterns of relative loss or accumulation
mean to leaf senescence or seed development
remains to be determined.

In soybeans, depodding or deflowering can
prevent senescence (Leopold et al., 1959; Lindoo
and Noodén, 1976; Noodén and Leopold, 1978),
and therefore it is of great interest to determine
how this treatment affects mineral distribution.
The most striking effect of depodding is to
prevent the drop in the amounts of minerals in
attached leaf blades, and this results from preven-
tion of loss as a result of redistribution or shed-
ding. In addition, depodding alters (prevents)
some of the changes in mineral content relative
to dry weight. Depodding, however, produces
some other changes, most notably an increase in
stem potassium and magnesium contents and in
prevention of decreases in certain other plant
parts. Undoubtedly, depodding has some pro-
nounced effects on mineral distribution, but
many are likely to be effects of the prevention of
senescence and leaf abscission.

Studies on the effect of reproductive sink size
(number of pods allowed to develop) on mineral
distribution and uptake in soybeans provide a dif-
ferent perspective and some parallel results
(Kollman et al., 1974; McAlister and Krober,
1958). Although there are a number of experi-
mental differences in these studies (in particular,
mineral inventories were started at maturity or
just before) and senescence was not noted, the
data do suggest that depodding (a decreased re-
productive sink) may alter the distribution or ac-
cumulation of protein, total N and certain miner-
als. Depodding appears to prevent the reciprocal
change of N, P, Mg and Ca distribution (the
amount of Ca involved is relatively small) from
leaves plus stems to the seeds plus carpels. Our
data are in agreement except that we have no
determinations for P, and we do not see any net
redistribution of Ca. In any case, our data on the
changes in concentration of mineral (mineral per
g fresh weight) during senescence show that ni-
trogen but not potassium, magnesium, calcium,
manganese and iron decrease significantly during
senescence, and therefore depletion of the latter
elements is probably not the cause of leaf senes-
cence during monocarpic senescence of soy-
beans.

Likewise, spraying the foliage with 0.1
strength Hoagland’s solution plus 0.1 M urea
(with 0.05%, v/v, Tween 80) every 4 days starting
during early fruit development (FMI about 1.2)
does not delay seed-induced senescence of the
leaves, although the treatment does increase
seed yield (dry weight) up to 40%, which indi-
cates that at least some of these nutrients pene-
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trate and are utilized (Schreyer-Lindoo and
Noodén, 1975). Ramon and Hanway (1976) have
likewise reported that minerals applied to the
foliage may be utilized to increase seed yield.
With the possible exception of nitrogen, which
will be considered in a subsequent paper, our
results do not support the notion that the devel-
oping seeds cause foliar senescence in soybeans
by draining or depriving the leaves of needed
minerals.
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