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Patterns of Translocation, Respiratory Loss, and Redistribution of 'C

in Maize Labeled after Flowering'

A. F. E. Palmer, G. H. Heichel, and R. B, Musgrave?

ABSTRACT

Maize (Zea mays L)) growing in the field was labeled
with CO; at four leaf positions 15 to 18 days after flow-
ering. On four occasions after labeling, entire plants were
harvested and 'C in scveral plant fractions was analyzed
by liquid scintillation spectroscopy to reveal patterns of
translocation within the plants, losses of “C by respira-
tion, and patterns of mobilization and redistribution of
“C among and within organs, The first and third leaf
blades above the ear (41 and 43, respectively), and the
first blade below the ear (—1), exported *C mainly to
kernels of the developing car. Among these three leaf
blades, the extent of ~«<port of ¥C was more rapid from
upper positions than from lower ones, Movement of *C
from the fifth leaf blade (—5) below the car was much
slower than that from the upper three blades, but kernels
of the developing car ultimately became the principle
sink for »*C exported by this blade. Compared with the
upper three lcaf blade positions, hewever, appreciable
lahel from —5 accumulated in the lower stem and roots.
Labeling plants bearing partly-fertilized cars caused a
large accumulation of *C in the stem, roots and to a
Iesser extent, husks, compared with completely-fertilized
controls. About 209, of the "C assimilated by the 41,
+4-3, and —1 hlades was lost by respiration in the 5 wecks
following labeling. During the same interval, nearly 70%,
of the "*C assimilated by the —5 blade was lost by respira-
tion. Approximate’y half of the carbon assimilated by
43, 41, and —1 blades was translocated directly to ker-
nels within 24 hr after assimilation. A similar quantity
of label assimilated by 43, 41, and —1 blades was de-
posited in cobs and husks within 24 hir after assimilation,
Estimates of redistribution of label within the plants sug-
gest that 60 to 809, of the "C accumulated in kernels
Letween days 1 and 35 following labeling was derived
from *C originating in upper lcaves and deposited in the
cob and husk within 24 hr.

Additional index words: Growth, Dry matter distribu-
tion, Carbon balance, Sourcesink relations.

STUDIES ol the growth of maize (Zea mays L.) re-
veal that dry matter in grain is produced by leaf
photosynthesis occwrring after fertilization of the ear
(1, 8, 28). Development of varieties having the num-
ber and arrangement of leaves that support large grain
yields requires knowledge of the movement of assimi-
lated carbon from leaves at various positions on the
plant to developing cars and other organs. Recent stu-
dies showed that after flowering the upper leaves of
maize exported carbon principally to the car (6, 7).
The position of a leal blade relative to the develop-
ing ear strongly influenced rate and direction of trans-

1 Contribution from the Department of Agronomy (as Paper
No. 988), New York State College of Agricv’.ce and Life
Sciences, Cornell University, Tthaca 11850, an. from the De-
partment of Ecology and Climatology, Connecticut Agricultural
Experiment Station, New Haven 06504, This research was fi-
nanced in part by National Science Foundation Grant GB6290
and by Ford Foundation support to the University of the
Philippines-Cornell  University Graduate Education Program.
Recetved Dec. 4, 1972,

2 Research and Production Agronomist, CIMMYT  (presently
at The Ford Foundation, P.O. Box 1013, Islamabad, Pakistan);
Associate  Plant Physiologist, Connccticut Agricultural  Experi-
ment Station; and Professor of Agronomy, Cornell University,
respectively,
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location (27). In young plants, however, all leaves
exported carbon to all other ovgans of the plant (16).

To clucidate the translocation of carbon in maize,
we measured, under field conditions, the patterns of
distribution of ¥ C, from leal blades labeled at four
positions on the plant, after complete fertilization of
the ear. The distribution of MC in plants having part-
ly-fertilized cars was also measured to- determine il
altering a developing organ modified the fate of
assimilated carbon. Entire plants, including the roots,
were sampled to facilitate measuring the loss of car-
bon by respiration and estimating the redistribution
of carbon within the plant.

MATERIALS AND METHODS

These experiments were conducted on the Central Experiment
Station, College of Agriculture, University of the Philippines,
near Los Bafios, Laguna between August and October, the rainy
season of the tropical monsoon climate.  Zea mays L. var.
‘Philippine Hybrid No. 1d" was planted on beds shaped to hasten
drainage and oriented east-west with rows oriented north-south,
‘I'he photosynthetic characteristics of this vaviety were previously
reported (13, 14). Seeds were planted by hand at 19-cm intervals
in rows 75 cm apart (69,000 plants ha'), Each seed was planted
so that leaves of cach plant would be oviented at vight angles
to the row. All plants were grown on Lipa silty clay. A typical
profile description is given by Raymundo, Carandang, and Bruce
24). Plots were well fertilized.

In the ficld, attached leaves were sealed into an acrylic plastic
leaf chamber that was only slightly Lavger than a corn leaf blade
(13, ). Leaf temperatures (30 = 2 C) and wind speeds (4 m
sec’) in the chamber were assured by attaching the chamber to
a portable refrigeration unit containing a centrifugal fan. The
closed laheling circuit included a M'CO, generator, leaf chamber,
hose pump, drier column, and Beckman infrared CO, analyzer.
The chamber was displayed normal to incident sunlight. As
rhmmynlhcsis occurred, CO, concentration in the chamber quick-
y decreased. When CO, concennation was about 250 ppm, ex-
cess lactic acid was injected by a syringe into the sealed generator
that contained 2 ml of Na,¥CO, in NaOIL. Two hundred uCi
of "CO, were released into the flowing gas strearn and swept
into the chamber. The *CO, and 7CO, released from Na.CO,
caused a transient increase of 10 ppm CO, or less in the chamber.
Thereafter, the CO, concentration in the cosed system was
monitored for 20 to 30 min until the teaves attained their CO,
compensation concentration. ‘Fhe leaves were maintained at the
CO, compensatio. concentriation for 5 min to assure maximum
fixation of “CO, Subscquently, the chamber was removed and
the plants remained under field conditions until sampling.

Plants with 14 to 16 leaves, one developing car, no tillers, and
without discase or mechanical damage were labeled 15 to 18
days after fertilization of the ear. Four leaf blade positions were
selected to receive label and the leaf blades were identified by
their proximity to the ear using the following protocol. Leaf 0
was attached to the same node as the ear. Leaves one and three
above the car, designated 41 and 43, and leaves one and five
below the ear, designated —1 and —5, were chosen,

The distribution of *C assimilated during photosynthesis was
determined by sampling plants labeled at cach of the four leaf
positions 1, 7, 14, and 35 days after incorporation of 'CO,. The
mean dry matter contents of ears at the 1, 7, 14, and 35 day
harvests were 30 = 200043 + 10, 52 2 19, and 68 =+ 1%,
respectively. Therefore, libeling occurred when cars contained
about 309 dry matter. The four leaf positions and four dates of
sampling gave 16 treatments. Fereafter a single treatment will be
designated by the leaf position, and the days from labeling to
sampling will be a subseript. For example, 43, shows that
the thivd leaf blade above the car was labeled, and that the
plant was sampled 14 days after labeling. To obtain the maxi-
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mum amount of new information, a compromise between num-
ber of treatments and number of replications was necessary. We
chose to use a relatively large number of treatments and accept
a smaller precision of measurement than if a smaller number
of trcatments had been equaliy replicated. Two treatments,
43, and 41, were replicated six times to allow calculations
of standard errors. Eleven treatments were replicated twice, and
three were conducted once.

At sampling time, the plants were cut immediately below the
first node above the attachment of the brace roots and dissected
into leaf blades, leaf sheaths, stem internodes, husk including
shank, and car. A pit was dug adjacent to the plant and the
root systemn was sampled using a pin-board method (26). This
technique permitted efficient recovery of the roots because the
plants were shallow-rooted. A block of soil about 75 cm wide,
60 cm deep, and 30 cm thick that contained the roots was re-
moved, and the roots were washed free of soil using a gentle
water spray. The upper two or three internodes of the root
system were scparated and the lower internodes and roots were
bulked. All plant parts were dricd to constant weight at 75 C
and the ear was partitioned into cob and kernels. The samples
were ground in a Wiley mill to pass a 40-mesh sieve,

A 30 mg subsample of each plant part was mixed with a small

uantity of CuO, wrapped in aluminum foil, and combusted in
flowing O, in a Coleman model 33 carbon-hydrogen analyzer.
The cffluent gases were passed through MgClO, to remove H,0
and through MnO, to remove oxides of $ and N. The “CO,; and
CG0, evolved were quantitatively trapped in a bubbler contain-
ing 5 ml of | M Hyamine hydroxide 10-X [p- (diisobutylcresoxy-
ethoxyethyl) - dimethyl benzylammonium hydroxide] in CH;OH
(21). A 3 ml aliquot of each sample and 10 ml] of a scintillator
solution containing 5 g 1 PPO (25-diphenyloxazole) and 0.3
g 17 dimethyl POPOP [14-bis-2- (4-methyl-5-phenoloxozolyl)-
benzene] in toulene were counted for 10 min in trip.icate in a
Packard Series 314 Tri-Carb liquid scintillation spectrometer.
The counting efficiency was 65.59, accorling to the internal
standard and channels ratio methods. Results are expressed as
a percent of the total radioactivity recovered in the plant on
cach sampling date unless otherwise specified.

RESULTS

The distribution of label assimilated at four leaf
positions among the organs of the plant and among
the fractions of the ear shows consistent patterns that
merit emphasis. On each date of sampling, the amount
of 1C recovered from the labeled leaf blade and its
sheath was less for upper than for lower leaves on the
Flant (Fig. 1-4). The patterns clearly show that
eaf blades rank 4-3>-41>—i>—5 in rapidity and
thoroughness of export of label. Similar patterns of
distribution of label occurred at each sampling, but
the proportion of recovered radioactivity in the la-
beled leaf blade and its sheath decreased with time
as translocation and respiration continued.

The patterns of distribution reveal that developing
ears and specifically kernels were major sinks for
1C assimilated by +3, +1, and —t leaf blades (Fig.
14, A to C). Twentyfour hours after labeling, 60
to 709, of the recovered label was in the ear and only
8 to 119, remained in the labeled blade. Seven to
35 days after labeling, kernels continued to be the
major sink for C arising frora 43, 4-1, and —I
leaves (Fig. 1-4, A to C).

Movement of HC from the —5 blade was very slow
compared with that from the upper three blades, and
589, of the recovered label reriained in the blade
and sheath after 24 hr. The bulk of ¥C transported
from the —5 blade accumulated in lower stem inter-
nodes and roots instead of the cur during the first
24 hr after labeling (Fig. 1, D). The kernels became
the major sink for MC from the —5 blade after 7
days had elapsed, and on subsequent dates, kernels
continued to be the major repository for #C exported
from the —5 blade (Fig. 2-4, D). Nevertheless, expori
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Fig. 1. Patterns of distribution of “C in maize plants sampled
1 day after labeling at four lcaf positions. Results are ex-
pressed as a percent of total radioactivity recevered in the
plant on day 1. In the upper histogram of cach quadrant,
bars to the left of the vertical axis indicate rctention or ac-
cumulation of label in stem internodes above the soil surface
and in internodes of the root system below the soil surface.
Similarly, bars to the right of the vertical axis denote the
retention or accumulation of “C by leaf blades plus sheaths.
See text for numbering of leaves and internedes. The lower
histogram of cach quadrant shows the accumulation of label
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Fig. 2. Patterns of distribution of *C in maize plants sampled
7 days after labeling at four lcaf positions. Results are ex-
pressed as a percent of total radioactivity recovered in the
plant on day 7. Sec tegend of Fig. 1 for further explanation.

from the —5 Dblade to the ear was less complete than
that from the upper three blades. Clearly the upper
and lower blades have greatly different abilities to
serve as sources of carbon for the developing ear.
Recovery of MC in fractions of the ear ranked ker-
nels > cob > husk. Although plants were continual-
ly losing "C by respiration and reapportioning HC
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Fig. 4. Patterns of distribution of *'C in maize plants sampled
35 days after labeling at four leaf positions. Results are ex-
pressed as a percent of the total radioactivity recovered in
the plant on day 35. Sce legend of Fig. 1 for further ex-
planation.

among organs, the proportion of label in kernels in-
creased with time except for the —5;; treatment.
From plants labeied at any of the upper three leat
positions, less than 0.79; of the "C recovered on cach
date was found in blades and sheaths that were orig-
inally unlabeled. Twenty-four hours after the —5
leaf was labeled, 0.697 of the MC was recovered from
blades and sheaths that were originally unlabeled. On
subsequent datss, 2 to 39, of the recovered label from
plants fed H#CO, at the —5 leaf was found in plades
and sheaths that were originally unlabeled (Fig. 1-1,
D). Clearly, a very low proportion of “C is recovered
from unlabeled leaves and sheaths, and recovery in
the upper leaves is greater when a lower, not an upper,

blade is offered MCQa.. There was no cvidence that
lower, older leaves were parasitic on the plants.

On cach of the dates there was little difference in
the proportion of MC recovered from stem internodes
when plants were labeled at 43, 41, and —1 posi-
tions. Nevertheless, the proportion of label recovered
from the stem decreased - with time, and about b1, 9,
8, and 17, of the recovered MC was found in the stem
1, 7, 14, and 35 days following labeling (Fig. 141, A
to C). When the —5 position was labeled, the lower
stem internodes accumulated more MG than those of
plants labeled at the upper three leaf positions (Fig.
11, D). The proportion of label in the stem decreased
with time, and about 27, 26, 11, and 319 of the re-
covered label was found in the stem 1, 7, 14, and 35
days after labeling of the —5 leaf.

When a blade above the car was labeled, little ¥C
moved above the internode subtending the labeled
blade, but appreciable MC was recovered in inter-
nades between the labeled blade and the car and in
internodes below the ear. When blades below the
car were labeled, MG moved further downwards in the
stem and upwards to the internode above the attach-
ment of the car, but litde *C moved into higher por-
tions of the plant. The recovery of MC was greatest
in the internode immediately below the oae subtend-
ing the "abeled blade, and recovery of label declined
linearly or exponentially with distance from the peak.
These patterns were similar on all dates of sampling
(Fig. 1-4).

Less than 0.79; of the recovered "C was found in
roots when |3, 41, and —1 blades were labeled, and
recovery in roots was an extension of the trend estab-
lished in lower stem internodes on all dates of sam.
pling. Compared with upper leaf positions, a larger
proportion of "C moved to the root system when the
—5 leaf was labeled. The proportion of "C in roots
generally decreased with time when the upper three
blades were labeled, but the proportion of HC in rocts
increased with time when the —5 position was labeled
except for the —5y, treatment (Fig. 14). Like plants
labeled in the upper blades, the recovery of "C in
roots of plants labeled at the —5 position was an
extension of the trend established in lower stem inter-
nodes on all dates.

Observiig plants bearing partly-fertilized cars pro-
vided convincing evidence that the development of
kernels was the major process determining the fate
of carbon assimilated after flowering in maize (Table
). An car that was only 209 fertilized on a plant la-
beled at the 41 position accumulated 409, as much
UC in kernels and 357, as much MC in the cob dur-
ing the first 14 days following labeling as did a com-
pletely-fertilized car on a comparably-labeled plant.
The plant bearing a partly-fertilized car retaiued 779,

Table 1. Comparison of the distribution of *C in plants bear-
ing partly and completely fertilized cars 14 days after labeling,

~ recovered # recovered
radloactivity radioactlvity
;;’:{ Extent of fertilizatlon [:;n:’- Extent of fertilization
tion Organ 1007 20%, tion Organ 1007, S0%,
+1 Ear 84,1 44,2 -5 Ear 50,5 14,0
Kerncls 61,5 24,8 Kerncels 45,4 11,0
Cob 14,6 5,2 Cob 4.0 1,2
Husk 8,0 14,2 Huak 1,1 1.8
Leaves 6,1 10,8 leaves 34,5 21,3
Kem 8.8 34,2 Stem 11,2 41,3
Roots 0.4 10,8 Roota 3.8 23,4
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Table 2. Recovery of assimilated radioactivity, offered at four
leaf positions, in entire plants on four dates following labeling,

Percent of assimilated radtoactivity

Days after labeling

Leal

poaitlon 1 7 14 35
+3 100,0 79.3 82,0 « 1,5° 81,2
+1 100,0 81,0 85,0+ 1,2* 82,6
-1 100,0 80,1 83,8 74,1
-5 100,0 BS,2 67,7 3.4

* Standard errors are given [or treatments baving aix replications,

more 1C in the labeled blade and accumulated 77, 290,
and 26009, wmore label in the husk, stem, and roots
than rhe control.

An car that was 509, fertilized on a plant labeled
at the —5 position accumulated 249, as much *C in
kernels and 30¢; as much “C in the cob during the
first 14 days following labeling as did a completely-
fertilized ear on a comparably-labeled plant. The
plant bearing a partly-fertilized ear accumulated 63,
270, and 5309, more label in the husk, stem, and
roots, but did not retain MC in the lnbeled blade
compared with the control. The decline in accumula-
tion of label in kernels was not directly proportional
to the decrease in fertilization; the decrease in ker-
nel mass did not mirror the decrease in fertilization
of the car. Partial fertilization clearly alters the dis-
tribution of assimilated carbon in the plant. The
sten, roots, and, to some extent, husks accannulate
carbon that would be translocated to kernels of a
completely-fertilized car.

A measure of losses of carbon through respiration
was obtained by sampling the entire plant and com-
paring the amount of label recovered with that assimi-
lated (Table 2). Our techniques were not sufficiently
sensitive to detect the loss of HC by respiration dur-
ing the 21 hr following labeling, so the amount of
label recovered after 21 hr was equal to the label
originally assimilated. The losse: of “C from all
plants will be underestimated in proportion to the
small quantities of roois lost in sampling, but this
error is slight. The lower leaves were all recovered;
their senescence did not contribate to error in calcu-
lating respiratory losses.

Depending upon the position of the labeled leaf
blade on the plant, two patterns of respiratory loss
occurred. “When MC was assimilated at 4-3, 41, and
—1 blades, about 209, of the label was lost by respira-
tion in the subsequent 5 weeks. Indeed, no significant
loss occurred after the first week following labeling.
The YC assimilated at the —5 leaf was continually
lost from plants during the 5 weeks following label-
ing; 15, 32, and 699, of the original "C was lost after
I, 2, and 5 weeks. The greater respiratory loss from
plants labeled at the —5 leaf might be due to slower
movement of “G to the car where it could be con-
verted to a form that is respired less readily. A large
proportion of MC administered at the -—5 position
remained in the labeled blade, the stem internodes,
and in root systems compared with plants labeled at
higher leaf positions (Fig. 14, D). Perhaps "C in
these locations is more labile for respiration than that
speedily trausported to a developing ear.

DISCUSSION

Sinks for carbon. MNany defoliation experiments
have suggested that upper and middle leaves on the
maize plant are principal contributors of carbon to

the car and that lower leaves contribute relatively lit-
te (3, 17). ‘The patterns of translocation of “C that
we observed in intact plants fully support this view
and further reveal that Tower leaves are major sources
of carbon for maintenance of the lower stem and root
system during the final third of crop growth. That
all of the carbon derived from a lower leaf is not
deposited in a site inaccessible for respiration is am-
ply demonstrated by large losses of ¥C from plants
labeled at the —5 position. The patterns reveal that
the car is the sink lor a small fraction of carbon as-
similated by lower leaves.

Partial fertilization of the car drastically altered
the distribution of MC from the 41 and —5 leaves and
resulted in accumulation of label in the stem and
roots. This observation supports carlier findings that
plants bearing unfertilized ears accumulate large con-
centrations of sugar in the stems (3, 25).

Respivatory losses of carbon.  About 20¢, of the
label applied 15 to 18 days after fertilization to 4-3,
+4-1, and —1 blades was lost through respiration dur-
ing the ensuing 5 weeks (Table 2). This observation
is remarkably consistent with the 22 10 339, losses by
respiration in two varieties of 10 to 30 day old maize
plants (11), and with theoretical calculations of the
respiration by 10 day old maize seedlings (23). The
general pattern emerges that maize exhibits a con-
servative carbon loss by respiration throughout its
growth when compared with species like white clover
(Trifolium repens L.) that respire 38 10 139, of their
assimilated carbon  (22).

The losses of ¥C from the —5 blade are 60 to 709,
of that assimilated and suggest that a smaller propor-
tion of the carbon fixed by lower blades is retained by
the entire plant. On a whole plant basis, lower blades
fix little carbon because of reduced light penetration
into the lower canopy (20, 29). Thus, the propor-
tionately larger vespiratory loss of carbon by lower
blades compared with upper blades is probably of lit-
tle consequence in the overall carbon balance of the
plant.

Redistribution of carbon. Losses by respiration and
recoveries of label in various organs or car fractions
can be combined to estimate redistribution of MG
assimilated after flowering among or within organs of
plants. However, we must first evaluate whether res-
piratory losses incurred by the entire plant (Table 2)
are reasonable estimates of respiratory losses incurred
by individual organs and fractions of the car.

We found that blades vespired about twice as rapid-
ly as ears on a weight basis (unpublished data), and
at about 1.0 mg CO, g~1 hr~! our car respiration rates
were similar to published rates (15). Furthermore,
previous work showed that blades respired about twice
as rapidly as roots and stems (11). Fhus, the assump-
tion that stems, ears, and roots respire at sinilar, slow
rates is reasonable pending more precise measure-
ments,

Blades and sheaths contributed about 1297 of the
dry wt of the plant after flowering, and ears, stalks,
and roots comprised the balance of plant mass. Al
though leaves respire more rapidly than other organs,
they comprise only a small portion ol the total plant
mass and thus contribute only @ small proportion of
the total plant respiration.  In this experiment, the
labeled blade and sheath were the only ones to contain
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Table 3. Radioactivity recovered in the fractions of the car on
days 1 and 14 following labeling expressed as a percent of the
total radioactivity recovered in the plant on cach date (column
a) and as a percent of the assimilated label (column b).

1eaf poaltion

Days - -5
after +1 +1 1
tabellng  Fractlon a b A b a b a b
1 Kernels 35,4 35,8 52,0 32,0 26,7 28,7 6,4 6,4
Cob 21,3 21,3 2.1 22,1 18,6 18,6 2.4 2.4
Husk 4,8 4,8 4,1 14,1 13,2 13,2 0,6 0,6
14 Kernaln 67,9 55.7 61,5 52,3 66,9 51,1 45,4 10,7
Cob 12,2 10,0 14,6 12,4 10,1 8.6 4,0 2,7
Husk 7,2 59 K0 6,8 5.4 4.5 1.1 0.7
Galn by keraeln 1v,9 20,3 27,4 4,3
Loss by cob plus huak 14,2 17,0 18,7 0,4

Table 4. Radioactivity recovered in the organs of the ptant on
days 1 and 14 following labeling expressed as a percent of the
total radioactivity recovered in the plant on each  date
(column a) and as a percent of the assimilated Tabel (column

b).

Lasaf pasitlon

significant label; we estimate that only about 0.5 to
19, ol the total mass of the plant was respiring "C
more rapidly in darkness than the balance of the plant.
Furthermore, leaf respiration ol muaize decdlines to a
steady and slow base rate 2 to 3 hr after darkening
(12). Clearly, therefore, over a period of 2 weeks the
error will he minor if we assume that all organs and
car fractions respire ¥C at the same rate as the entire
plant,

Let us first examine whether carbon from the cob
and husk is mabilized and redistributed into devetop-
ing kernels during the 2 weeks following labeling.
Each colunm (a) in Table 3 summarizes from Fig. 1
and 3 the recovery of radioactivity in kernels, cob, and
husk on days I and 14. These values must be corrected
for loss by respirvation before estimates of redistribu-
tion can be made. Multiplying each value in column
(a) by the proportion ol assimilated label remaining
in the plant on cach date (Table 2) yields cohumn (b):
the proportion of the assimilated label remaining in
each car fraction on days 1 and 14, At each leaf posi-
tion the import of MC by the kernels between days
I and 14 is estimated by subtracting the values in
each column (b) for kernels on day I from the cor-
responding values for kernels on day 14. Export of
label by the cob and husk can be similarly computed.

The import of HC by the kernels exceeded the ex-
port by the cob plus husk for plants labeled at all
four positions (Table 3). Mobilization and redistribu-
tion was considerable in plants labeled at the three
upper leaf positions. Seventy-one, 84, and 68% of
the BC accumulated by the kernels of plants labeled
at the 43, 41, and —1 positions between days 1 and
14 could have been mobilized from husks and cobs.
These results suggest that at least 15 to 307, of the
carbon transported to kernels between days 1 and 14
was mobilized from other plant organs.

We can determine whether mobilization of 1C from
leaves, stems, or roots will meet the additional require-
ments of the kernels for label by computations similar
to those of Table 3. Each column (a) in Table 4
summarizes from Fig. 1 and 3 the recovery of radio-
activity in the cars, leaves, stems, and roots on days |
and 11, Muluplying cach value in column (a) by
the proportion of assimilated label remaining in the
plants on cach date (Table 2) accounts for losses by
respiration and yields, column (b), and gives the pro-
portion of assimilated label remaining in each organ
on davs 1 and M. At each leaf position the import
of “C by the ear between days 1 and 11 is estimated
by subtracting the values in each column (b) for ears
m day 1 from the corresponding values lor ears on
Tay 1. Export of label by all other organs can be
similarly computed. ‘The export of HC by leaves, stems,

Dayn
y - -5
alter +3 [ 1
inbeling Organ a b a h i h E} b
1 Ear 65,9 65,9 6K, 2 0y, 2 60,5 60, 5 0, ()
Teaf blade 15,2 18,2 20,1 0.1 0.1 n NH, 4 S, 9
Stem 15,4 15. 4 11,1 [T 15,5 15,5 .7 YL
Roots 0,5 0,5 .k 0,6 0,7 0,7 5.1 s, )
14 Ear 87,13 71,6 64,1 71.5 2,6 LA S, S 4,2
Teaf blade S, 1 4,2 6.0 S, 4 K1 7.0 4,6 21,4
Stem 7.2 5.0 B8 7.5 L 7,2 11,2 7.6
Hoota 0,4 0,3 1,0 0,4 0,5 0,4 1.8 P
Gnin by enr 5.7 1.3 H,7 FI)
1.oas by o'her orgiuns 27,7 14,3 24,9 LY

and roots was more than sufficient to meet the addi-
tional requirements of the kernels (Tables 3 and ).
Our estimates do not reveal the specific origin of
HC imported by the ear. The stem is probably the
principle source since it subtends the car. Thus, the
car potentially can import carbon mobilized in other
organs, but major redistribution appears to accur
within the car

The patterns of redistribution of € revealed in
Tables 3 and 4 are consistent with previous observa-
tions that decreases in dry wt of the stalk, husk, and
cob, and decreases in soluble solids of the stalk, occur
during accunmulation of dry martter by kernels (1, 2,
4, 10, 18, 19). Labeling experiments that we report
support the hypothesis that carbon assimilated after
flowering and translocated to siem, cob, and husks can
be mobilized and redeposited in kernels at a later
date. Calculations based on Hanway's Table 2 and
Fig. 1 (9) suggest that grain accumulates about 2 g
day™! plant ! by translocation after flowering from
organs decreasing in dry wt. Our results clavify this
phenomenon by revealing that about half of the car-
bon accrued by kernels in the period following flow-
ering is translocated directly from the upper leaves
within 21 hir. For example, Table 3 shows that 29 w0
869, of the label assimilated by -3, 1, and —1
blades is deposited in kernels within 24 hirs of assimi-
lation. An equal quantity, about 30 o 3697, of the
label assimilated by 3, 41, and —1 blades is de-
posited in cobs and husks within 21 hrs of labeling.
Furthermore, about 700 to 857 of the label from np-
per blades that is deposiied in cobs and husks is sub-
sequently remobilized and translocated o kernels in
the ensuing 2 wecks (Table 3). An even lesser ammount
of carbon, probably 5 to 207 of the label assimilated
after flowering, is first deposited in the stem and
later retranslocated to kernels (Tubles 3 and ). Of
course this latter estimate is less precise than those
for wanslocation from lcaves, and cobs and husks,
because static measurements of the acorual of label
cannot fully describe the dynamic transport of assimi-
late.

Nevertheless, our field experiments suggest that cobs
and husks may be the principal reservoirs of carbon
that allow linear drv matter accumulation in kernels
while the dry matter production of the plant fiuctu-
ates with datly radiation receipts. Duncan, Hatlield,
and Ragland (5) previously ascaribed this function to
the stem. We conclude that assimilition by leaves dur-
ing the period of growth after flowering of tropical
maize used in these experiments exceeded the capacity
of kernels to accept carbon.  Emphasis on increasing
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sink size or number of kernels may therefore be re-

qui

red to improve yield of other tropical maize vari-

eties that behave similarly. Efforts to increase sink
size should parallel attempts to increase photosyn-

the
syn

tic capacity of the plant, because plentiful photo-
thate during vegetative growth and inception of

flowering undoubtedly ensures development of fertile
spixelets on the ear.
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