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4C
Patterns of Translocation, Respiratory Loss, and Redistribution of t

in Maize Labeled after Flowering' 

A. F. E. Palmer, G. H. Heichel, and R. B. Musgrave 2 

ABSTRACT 


Maize (Zea mays L.) growing in the field was labeled 
with 1"CO. at four leaf positions 15 to 18 days after flow. 
ering. On four occasions after labeling, entire plants were 
harvested and T'Cin several plant fractions was analyzed 
by liquid scintillation spectroscopy to reveal patterns of 

the plants, losses of "C by respira-translocation within 
tion, and patterns of mobilization and redistribution of 
"1C among and within organs. The first and third leaf 
blades above the ear (+1 and +3, respectively), and the 
first blade below the ear (-1), exported "C mainly to 
kernels of the developing ear. Among these three leaf 
blades, the extent of -.(port of "C was more rapid from 
upper positions than front lower ones. Movement of 11C 
fron the fifth leaf blade (-5) below the ear was much 
slower than that from the upper three blades, but kernels 
of the developing ear ultimately became the principle 
sink for 11C exported by this blade. Compared with the 
upper three leaf blade positions, however, appreciable 
label from -5 accumulated in the lower stein and roots. 
Labeling plants bearing partly-fertilized ears caused a 

large accunmulation of ''C in the stein, roots and to a 

lesser extent, husks, compared with completely-fertilized 
controls. About 200/% of the 11C assimilated by the +1, 

+3, and -I blades was lost by respiration in the 5 weeks 
following labeling. During the sam e interval, nearly 70% 

of the '"C assimilated by the -5 blade was lost by respira-
hlfof 	 carboi assimilated byyscofteero siiae 

+3, +1, and -1 blades was translocated directly to ker. 

nels within 24 hr after assimilation. A similar quantity 
of label assimilated by +3, +1, and -1 blades was de-

tio.tion. Approxiinate'yppoxmael half the 

and husks within 24 hr after assimilation.posited in cobs 
Estimates of redistribution of label within tihe plants tug-
gest that 60 to 80% of the "C accumulated in kernels 
Lctween 'lays I and 35 following labeling was derived 
from 11C originating in upper leaves and deposited in the 
cob and husk within 24 hr. 


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

TUDIES of'the growth of iaize (Zea mays L.) re-
veal that y matter in grain is produced by leaf 

photosynthesis occurring after fertilization of the ear 

(1,8, 28). D)evelopment of varieties having the ntn-
her and arrangenent of leaves that support large grain 
yields requires knowledge of the movemtent of aSSillii-

lated carbon fron leaves at var-ious positions on tile 
plant to developing ears and other Recelt stu-plantaearsorgaits. 
dies showed that after flowering the tipper leaves of 
maize exported car-boin l)rincipally to the ear (6, 7). 
The position of a leaf blatle rela tive to the develop-
ing ear str-onigly influenced rate and (lirt-ction of trans-

'Contribution front tie Department of Agrontomy (as Paper 
No. 988), New York State College of Agrici,'". e and Life 
Sciences, Cornell University, Ithaca 1-1850, at. fron the De-
partient of Ecology and Climcatology, Connecticut Agricultural 
Experiment Station, New ll;vcui 0650.1. This reseaclch was fi-
nanced in part by Natioual Science Foundation Grant GB6290 
and by Ford I-oundation support to the University of the 
Philippines-Cor|iell University Graduate Education Program. 
Received Dcc. .1,1972. 

2 Research and Prodcction Agroomnist. CIMMYT (presently 
at The Ford Foundation, P.O. llhx 1013, Islamahad, Pakistan); 
Associate Plant I)hysiclhgist, Connecticut Agricultural Expert-
men t Station; and Professor of Agronomy, Cornell University, 
respectively, 

location (27). In young plants, however, all leaves 

exported arlbOll to all otlhcr olgalls of tile pllanit (16). 

To elucidate tile tranisloation of carlbon il maize, 
we illlasttled, unlder field -onditions, tie patterns of 
listril)ution of il C, front leal blades labeled at four 

positions ol tihe ptlant, a fter conplete ferlilii/atiou of 

tile ear. Ihe (list ribtitiou of tic it)planits having part­

ly-fcrtilized ears was also Illeastlret[ to tlelerllille if 
altering a developing organ miotlified tile fate of 

ELntie plaills, itltding the roots,tssimilatt[ carlbotn. 

were satmpled to iacilittc luicastirilig t I loss of car­
hon by respiratlion aid estimating tile retlistribution
 
of carboll wilhil the pla nt.
 

MATERIALS AND METHODS
 
These experiltits were eoncuctec on te Central Experiment
hseoCollege of Agricultoie. u ivesity of the Ii'lippines, 

tiee U 11 Orto lippin yStat io, Ag rlll av ihe P 
near Los laroicalbetnwel Anlg sl anl Ortoer, i e rainytiafls, 


No. Id 	 laitedon to hasten 
withb rows ori ented torihste 

s'ili ppine tlybrii was beds shaped 
railiiage alr oi Nritoldeas-i-st 

The photosvnthetic characteristics of ibis variety wire previously 
r te of d h a t l-repr ev srep orted1 , ) e 


repocrtedl (13, 1I1). Seeds weie plaiited Icy hcand at I!-cicc iniervals 
Each stei was plantedthat (69,000 plaits ha'). aitrightinrows 75leavescinapartocfeach 	 planlt i,'lt be urjiiicel anlgles 

to the row. All aivts weofepain grcwic silbei cly. A typicaltl 	 wipu 
rown otl arsill a Buc eto[ie r 	.llp s g 

andclruceprcfile descriptic is giv-n Iy Raynucdo, (arailang. 

;24). Plots wele well fertilied.
 

In the field, attached leaves wee sealed into alc acrylic plastic

leaf chandler that wcas octly slightly larger than a on leaf blade 
(13,

- )
14). I.e:f temperatines (30 -+-2 C) and wind speeds (4i 

sec1 inthe haicaer er ass ed )),aitaching the cihalnber to 
a portable r t assci a There igeraeio ainitg centriftgal far. 

closed labeling circuit included a "CO, getuercitor, leaf charmher, 
hose pump, dlier collill, acid Ilerkcac inflated CO.,analyzer. 
File charnlber was displayed rorinal to incicdenct sunilight. As 
hotosytlthesis occurred, CO. conelralioi ic tie chamber quick­

I,l decreased. When CO.. (o'ceilitatioi| was about 250 ppic, ex­

cess lactic acid was injected by a srilicge ino the sealed geierator 
that coniained 2 il ocf Na.2

1'CO:, ii Na()ll. Two hinded pCi 
,,fncO: were released inlo the flcs.iicg gas stleil and swept 
into the chaccmber. The 'CO. and "CO.reIct(I from NaCO, 

2 cr less iccthe chamciber.caused a trancsienct increase cf 10 ppu CO
"Thereaf'ter, 	 ihe CO., colce tira tiollin the closed systecn was 
nicoritored for 20 to 30 cii clii ir iIe leaves attaiced their CO, 

cocipensatioc coccelactioll. The lecavcs were maintainued at tie 

CO. conpecisaio., ccentracioi for 5 icicc to assure icaxic ii 
fixation of "CO.,. Sc bsequeitly, the chacibir was remioved and 

plantsdthe ren;iiield under field conditions u'ctil sampling. 
I'lacis with I. to 16 Icaes, oei dleveloping car, no tillers, and 

without disease or icechanical cl;tiage wcve labe!cd 15 to 18 

days after fertili/aiou of the ear. F~ourr leaf blade positions were 
iheleaf blacIes were identifiecd byselected to receive label anl 

their proximity to the i-ar ising tile following protocol. Leaf 0 
was aitachied to the saice ncle as ilic ear. Ii-av-s oe and three 
albove the ear, designated +1 and +3, anl leaves ocne and five 
below tite car, designated -I and -5, 'etrcoseci. 

i-ledistribu||tion" assilcilatcd ducriiig photosynthesis waso C 
ctmicl h sanip!i g placts lablced at cacl of the four leaf
 

posi iicis I,7, 1.1,
andccl35 da 	 after icoilpiation of "CO,. 'he 
icicauc cry mccatter contents of :cfisat thei 7, 11, and 35 (ay 

21,, ; :t I', 68 
respeciively. Theerfor, I lelirg octinied heni cars cortained 
about 30/o dry ciatter. The f cicr lcafpositions aicd four dates of 
saiccplicg gave 16 ticiticrs. Icleafter a sincgle Itccallit will be 
designated by the leaf position, and the clays front labeling to 
sacipliig will Ice a scibscript. F-orex:amcple, +3,, shows that 
the third leaf blal alce theear was labe!ed, and that the 
plant was sampled .l1days after labelinig. 'Io obtain the maxi­

hivestse- v- 2',.lm - 52 aid -f- 17 
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mum amount of new information, a compromise between num-

ber of trcatmnenis and numbsler of replicationis was necessary. We.22
 
chose to use a relatively large number of treatments and accept 

a smaller precision of measurement than if a smaller number
 
of treatments had been equally replicated. Two treatments, 

+3, and +1,,, were replicated six times to allow calculations 

of standard errors. Eleven treatments were replicated twice, and 

three were conducted once. 


At sampling time, tile plants were cut immediately below the 

first node above the attachment of tlse brace roots and dissected 
into leaf blades, leaf sheaths, stem internodes, husk includingshank, and car. A pit was duig adjacent to the p'ant and the 

root system was sampled rising a pin-board iaietlsod (26). This 
technique permitted efficient recovery of the roots because the 
plants were shallow-rooted. A block of soil about 75 cm wide, 
60 cin 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 separated and tile 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 
quantity of CuO, wrapped in aluminum foil, and combusted in 
flowing O, in a Colenian model 33 carbon-hydrogen analyzer. 
The effluent gases were passed through MgCIO, to remove HO 
and through MnO 2 to remove oxides of S and N. The 

1ICO 2 and 
aiCO, evolved were quantitatively trapped in a bubbler contain-
ing 5 ml of I M Hyamine hydroxide 10-X [p- (diisobutylcresoxy-
ethoxyetlhyl) - dimetlhyl benzylanimonium hydroxide] in CHOH 
(21). A 3 ml aliquot of each sample and 10 ml of a scintillator 
solution containing 5 g 1 -a P'O (2,5-diplhenyloxazole) and 0.3 
g 1-a dimethyl POPOP [1,4-bis-2-(4-methyl-5-phenoloxozolyl)-
benzene] in toulene were counted for 10 inin in trip.icate in a 
Packard Series 314 Tri-Carb liquid scintillation spectrometer. 
The counting efficiency was 65.5% accorling to the ;nternal 
standard and chamels ratio methods. Results are expressed as 
a percent of the total radioactivity recovered in the plant on 
each sampling (late 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 thatmerit emiphasis. On each date of sampling, the amount 

of 14C recovered from the labeled leaf blade and its 
sheath was less for upper than for lower leaves on the 

lant (Fig. 1-4). The patterns clearly show that 
leaf blades rank +3>+1>-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 
14C assimilated by + 3, + 1, and -- leaf blades (Fig. 
1-4, A to C). Twenty-four hotrs after labeling, 60 
to 70% of the recovered label was in the ear and only 
8 to 11% remained in the labeled blade. Seven to 
35 days after labeling, kernels continued to be the 
major sink for 11C arising from -3, +1, and -1 
leaves (Fig. 1-4, A to C). 

Movement of t4C from the -5 blade was very slow 
compared with that front the upper thlree blades, and 
58% of the recovered label rerained in the blade 
and sheath after 2.1 hr. The bull. of 14 C transported 
from the -5 blade accumulated in lower stem inter-
nodes and roots instead of the ear during the first 
24 hr after labeling (Fig. 1, D). The kernels became 
the major sink for 14C from the -5 llade after 7 
(lays had elapsed, and on subsequent dates, kernels 
continued to be the major repository for 14C exported 
from the -5 blade (Fig. 2-4, D). Nevertheless, export 
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Fig. I. Patterns of distribution of "C in maize plants sampled 
I day after labe!ing at four leaf positions. Results are ex­
pressed as a percent of total radioactivity recovered in the 
plant on day 1. In the upper histogram of each quadrant, 
bars to the left of the vertical axis indicate retention or ac­
cumulation of label in stem internodes above tile soil surface 
and in internodes of the root systtm 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 internodes. The lower 
histogram of each quadrant shows tise accumulation of label 
in three fractions of the ear, kernels (K), cob (C), and husk 
plus shank (H). Note that the scale for histograms to the left 
of the vertical axis is double that to the right of the vertical 
axis. 
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Fig. 2. Patterns of distribution of "C in maize plants sampled 
7 days after labeling at four leaf positions. Results are ex­
pressed as a percent of total radioactivity recovered in the 
plant on day 7. See legend of Fig. I for further explanation. 

from the -5 blade 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 ''C in fractions of the ear ranked ker­
> ohb > hsk. Although plants were continual­nels 

ly losing ''C by respiration and reapportioning 14C 
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Fig. 3. Patterns of distribution of 1C in maike plants sampled 
14 days after labeling at four leaf positions. Results are 
expressed as a percent of total radioactivity recovered in the 
plant on day 14. The length of the line to the left or right 
of the bars of the histogram for A and B indicate the 
standard error of six replications. See legend of Fig. 1 for 
further explanation. 
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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. See legend of Fig. I for further ex-
planation. 

among organs, the proportion of label in kernels in-
creased with tine except for the -535 treatment. 

From plants labeled at any of the tipper three leaf 
14Cpositions, less than 0.7,1, of the recovered on each 

date was found illblades and sheaths that were orig-
inally unlabeled. l'welty-fotlil- hours afte" the -5 
leaf was labeled, 0.6% of the 1

4 C was recovered fro.nID-recovered 
blades and sheaths that ikere originally unlabeled. On 
subsequent dates, 2 to 3(' of the recovered label from 

plants fed "CO 2 at thet -50 leaf was found in olades 
and sheaths that were originally unlabeled (Fig. 1--I, 
I)). Clearly, a very low proportion of '1C is recovered 
fromt unlabeled leaves anti sheaths, and recovery in 
the tipper leaves is greater when a lower, not an uipper, 

blade is offered 14CO.. There was no evidnce that 

lower, older leaves were parasitic on lie plants. 
On each of tile dates there was little ,ilference ill 

the proportion of 11C recovere I front stein internodeiwhen plants were labeled at +3, +1, and -1 post­

tions. Nevertheless, tile proportion of label recovered 
front tile steil litle, and alout 9,decreasedlwith 1.l,

ldit .l '. of tile recovered i4(C was fonnd in thetenm 

1, 7, H, and 35lays following labeling (Fig. 1-4, A
 
to C). When the -5 position was labeled, the lower 

stei internodes accuinulated mrore R4X' than those of
plants labeled at the tipper three leaf positions (Fig. 
1-,1, D). The proportion of label illthe stem decreased 
with time, and al)out 27, 26h, 11, and 31% of the re­
covered label was found idtthe stein 1,7, 11, anid 35 
(lays after labeling of the -5 leaf. 

a blade above the ear was labeled, little I''C 
moved above the internode subteniding the labeled 
blade, lut appreciable I'fC was iecovered ill inter­
nodes between the labeled )l;(e anid tile ear and ill 

itterllo(les below the ear. Vheni blades below the 
ear were labeled, 'C moved fllrther downwards il the
 

stein and upwards to the inlterllole above the attach­

inent of tle ear, but little IC iiovetI into higher por­
tions of the )lint. The recovery of 14C was greatest 
iii the internode immle(diately below the o:i subtend­

ing tile ',ibeleh blade, anid recovery of label dleclined 
linearly or exlonienitially with distance froni the peak. 
These patterns were similar oi all (lates of sampling 

(Fig. 1-4). 

Less than 0.71", of tile recovered ''C was fotund in 
roots when +3, +-, and -I blades were labeled, andrecovery ill roots was ant extension of tile tirn(Idestab­

in lower stein internodes on all lates of sam­
pling. Compared with tipper leaf positions, a larger 

proportion of ''C moved to the root systeti when the 
-5 leaf was labeled. The proportion of '4C in roots 
generally (lecreased with time when the tipper three 
blades were labeled, but the proportion of 14C in roots 
increased with tie when tie -5 position was labeled 
except for the -51, treatment (lig. I-,t). Like plants 
labeled in the tipper blades, the recovery of 14C in 
roots of llanlts labeled at the -5 position was ati 
extension of the tren(d established in lower stem inter­
nodes on all dates. 

Observirvg plants hearing partly-fertilimed ears pro­
vided convincing evidence that he developnent of 
kernels was tile niajor process deteriniing the fate 

of carbon assiiilated after flowering in miaize (Table 

I). An ear that was only 20 ',fertilized oti a plant la­
beled at tie +1 position ac(tnitilated ,10% as much 
I''C illkernels and 35','' as iitich 14C in the cob dur­

ing tile first I.days following labeling as did a corn­
pletely-fertilized ear oii a coinparably-labeled plant. 

The plant bearing a partly-fertilized ear retaii.ed 77% 

Table I. Comparison of the distribution of 11C in plants bear­
ing partly and completely fertiliyed cars 14 days after labeling. 

Krecoered 
rdloactvtt, radioactivity
 

I.af Fxtent of frtiliato on
 
Extent of ferlIzalo 

post-


tlion OrKan 100 20;. lion Organ I10Y 90S 

+lI ar 44.h2.1 -5 EAr rnS. 4 14.0 

Cot, 14.6 5. 2 Cob 4.0 1.2 
llusk 8.0 14.2 1lak 1. 1 1.' 

,,ea8 6.1 10.0MRfaves 34.5 21.3 
t,3, . 34.2 em 11.2 41.3 
Roots 0.4 10.8 Roots8 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 radloactivity 
Daysafter labeling 

position 1 7 14 35 
° 

+3 100.0 79.3 82.0s 1.5 81.2 
+1 100.0 81.0 85.0 11.2 82.6
-i 100.0 80.1 83.8 74.1 
-5 100.0 85.2 67.7 31.4
 

Staard errors are given for tloatmosts bxving ixreplicatios. 


more 14C in the labeled blade and accumulated 77, 290, 
and 2600",o' more label in the husk, stem, and roots 
than the control. 

An ear that was 50% fertilized on a plant labeled 
at the -5 position accutmulated 2,1% as iuUch 1 C in 
kernels and 30";, as niuch 1 C in the cob (hiring the 
first 14 days following labeling as did a completely-
fertilized ear on a coniparably-labeled plant. The 
plant bearing a partly-fertilized ear accumulated 63, 
270, and 530% more label in the itsk, steni, and 
roots, but did not retain "iC in the , beled blade 
coimpared with the control. The declinc in .1ccumula-
tion of label itn kernels was not lirectly proportional 

to the decrease in fertilization; the decrease in ker-
nel mass did not mirror tile decrease in fertilization 
of the ear. Partial fertilization clearly alters the dis-
tribution of assimilated carbon in the plant. The 
stetn, roots, and, to some extent, husks accumulate 
carbon that would be translocated to kernels of a 
completely-fertilized ear. 

A measure of losses of carbon through respiration 
was obtained by samipling tile entire plant and con-

paring the atnount of label recovered with that assimi-
lated (Table 2). Our techniques were not sufficiently 
sensitive to detect the loss of 14C by respiration dur-
ing the 2.t lhr following labeling, so the amount of 
label recovered after 2-1 hr was equal to the label 
originally assimilated. The losse, of 14C from all 
plants will be underestimated in proportion to the 
small qtuantities of roois lost in sanpling, but this 
error is slight. The lower leaves were all recovered; 
their senescence did not contrillate to error in calctu-
lating respiratory losses. 

Depending upon the position of the labeled leaf 
blade on ti'e plant, two patterns of respiratory loss 
occurred. When "C was assimilated at +3, +1, and 
-1 blades, about 20% of the label was lost by respira-
tion in the subsequient 5 weeks. Indeed, no significant 
loss octrred after the first week following labeling, 
The iIC assimilated at the -5 leaf was continually 
lost from plants during the 5 weeks following label-
ing; 15, 32, and 69% of the original IlC was lost after 
1, 2, and 5 weeks. The greater respiratory loss friom 
plants labeled at the -5 leaf might be due to slower 
movement of 4C to the ear where it could be con-
verted to a form that is respired less readily. A large 
proportion of "4C adininistered at the -5 position 
reinained in the labeled blade, the sten internodes, 
and in root systems colipared with plants labeled at 
higher leaf positions (Fig. 1-4, D). Perhaps 14C in 
these locations is tnore labile for respiration than that 
speedily transported to a developing ear. 

DISCUSSION 
Sinks for carbon. Many defoliation experiments 


have suggested that upper and middle leaves on the 

maize plant are principal contributors of carbon to 
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the ear and that lower leaves contribute relatively lit­
tle (3, 17). Tihe platterns of tra islocation of 14C that 
We observed ini in tact pllnts fIt11 y sulpplrt this view 
and firtler reveal that lower leaves are major sutirces 
of carbon for miaintenatice of the lower sten and root 

syste during the final Iill of crop growth. That 
all of tie carbon derived fron a lower leaf is not 
deposited ill a site il ccessible for respiration is am­
lAy deinonstrated In' large losses of "'C from plants 
labeled at the -5 J)osition. The patterns reveal that 
the ear is the sink lor a stiall fraction of carbon as­
similated by lower leav'es. 

Partial fertilization of the ear drastically altered 
the distribution of '-C from the +I and -5 leaves and 
resulted it, accutiulation of label ill the stein and 
roots. This observation supports earlier findings that 
plants bearing tnfertilized ears accnituilate large con­
centrations of sugar ill the stems (3, 25). 

Respiratory los-ses of carbon. About 20% of tie 
label apl)plied 15 to 18 days after fertilization to +3, 
-+-1, and -I blades was lost througll respiration dur­
ing the ensiig 5 weeks (Table 2). This observation 

is remarkably consistent with the 22 to 33% losses by 
respiration itn two varieties of 10 to 30 day old maize 
plants (11), and with theoretical calculations of the 
respiration by It) day old naize seedlings (23). The 
general pattern emerges that ilaize exhibits a con­
servative carbon loss by respiration throughout its 
growth when comlpared with species like white clover 
(Trifolium repens L.) that respire 38 to .13' of their
assimilated carbon (22). 

The losses of "IC from the -5 blade are 60 to 70% 
of that assinilated 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 respiratory loss of carbon by lower 
blades compared with upper blades is probably of lit­
tie consequence in the overall carlbon balance of the 
plant. 

Redistribution of carbon. Losses by respiration and 
recoveries of label in various organs or ear fractions 
can be combined to estilnate redistribution of I'C 
assiniilated after flowering among or within organs of 
plants. However, we tnust fir~.t evaluate whether res­
piratory losses incurred iv ie entire pliant (Table 2) 
are reasonable estimates of respiratory losses incurred 
by individual organs and fractions of the ear. 

\We found that blades .espired about twice as rapid­
ly as ears oti a weight basis (unpublished data), and 
at about 1.0 mg CO2 g-1 hr-i our ear respiration rates 
were similar to publislhedl rates (15). Furtherniore, 
previous work showed that blades respired about twice 
as rapidly as roots and stems (I I). 11us, tile assump­
tion that stems, ears, and roots respire at siniilar, slow 
rates is reasonable pending more precise ineasure­
ments. 

12') Blades and sheaths contributed about of the 
dry wt of the plant after flowering, amld ears, stalks, 
and roots comprised the balance of plant inass. Al­
thougli leaves respire miore rapidly than other organs, 
they coniprise only a small portion of the total plant 
:,,ass and tulis contril)ute only a sniall proportion of 
the otal planit respiration. Ill this experimnent, the 
labeled blade and sheath were the only ones to contain 
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Table 3. Radioactivity recovered in the fractions of the ear on 
days I and 1.4 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 label (column b). 

l]oaf position 

Days -1 •al 

after 


a h a ) a tlabeling Fraclon a 8 
28.7 28.7 64 6.4 

Cot, 21.3 21.3 22.1 22.1 18.6 18.6 2.4 2.4 
Ilauk 8.8 8.8 14.1 !4.1 13.2 13.2 (),6 0.8 

14 Kern-a- 67.9 55.7 61.5 52.3 86.9 51.1 45.4 40.7 

1 Kernels 35.8 35.8 -2.0 32.) 

Cob 12.2 l0.0 14.6 12.4 10.3 8.6 4.0 2.7 
)tusk 7.2 5.9 8.0 6.8 5.4 4.S 1.1 0.7 

Gain by kernels 15.9 2(1.3 27.4 24.3 

Loss by cob plus hunk 14.2 17.0 18.7 -0.4 

signlificaw label; we estimate that only about 0.5 to1 Cwas respiringI", of the total mass of the plant 
rnore rapidly ill darkness than the balance of the plant. 
Furthermore, leaf respliration of maize declines to a 
steady and slow iase rate 2 to 3 hr after darkening 
(12). Clearly, therefore, ovr, a period of 2 weeks the 
error will Ibe tIlilior if we assume that all organs and 
ear fractions respire I-IG at the same rate as the entire 
plant. 

Let us first examine whether carbon from the cob 
andithusk is n)lbilized and redistributed into develop-
ing kernels (luriig the 2 weeks following labeling. 
Each column (a) in Table 3 stminariies from Fig. I 
and 3 the recovery of radioactivity in kernels, co), and 
husk on days I and It. These valties niust le corrected 
for loss by respiration before estimates of redistribu-
tion can be made. Multiplying each value in column 
(a) )y the proportion of assimilated label remaining 
ill the plant on each (late (Talile 2) yields column (b): 
the proportion of the :issimilated label remaining ill 
each ear fraction on (h ys I and I-1. At each leaf posi-
tion the import of "IC by the kernels between days 
I and 1.1 is estimated by subtracting the ,alies in 
each column (b) for kernels on day I from the cor-
responding values for kernels on day 1.H. Export of 
label by the coli and husk canlie similarly computed. 

The import of 14C by the kernels exceeded the ex-
port )y the cob plus husk for plants labeled at all 
four positions (Talble 3). Mobilization and redistriliu-
tion was considerable in plants labeled at the three 
tipper leaf positions. Seventy-one, 8.1, and 68% of 
the IC accumulated by the kernels of plants labeled 
at the -3, ±+1, and -1 positions ietween days I and 
1.1 could have been mobilized from husks aild cobs. 
These results suggest that at least 15 to 30,I of the 
carboln trainsported to kernels between days I aid 1.t 
was molbilized from other plant organs. 

We (ali detetinite whether mobilization of 14C from 
leaves, stems, or roots will meet the adlitional require-
ments of the kernels for label byv computations similar 
to those of Table 3. Each colunin (a) in Table .1 
sumnarizes from Fig. I and 3 the recovery of radio-
activity in tC'e cars, leaves, stenis, and roots on days I 
and I.I. Multiplying each value in column (a) I)y 
tle proliortion of assimilated label remaining in tile 
plants oti each (late (Talile 2) accotnts for losses by 
respiratioi antI yields, column (I)), and gives the pro-
Iortiol of assimilated label remainiing in each organ 
on days I arid IH. At each leaf position the import
of' 1 hyv the car- bietween days I and I. is estilated 
Ibv suttracting the values inl each column (bi) for ears 
)i day I fioi the corlespolding valies fot ears oti 
lay I-. Export of label by all other organs can lie 
imilarly (Otl)tUted. The Cx port of 14C bi leaves, stems, 

Table 4. Radioacthity retovered in tile organs of the plant on 
days I and 1-1following laleling expressed as a prmte of the 
total radiomatiity recovered in the plalt oil r.(h date 
(column a) and as a prcrttit of the assimilated label (colmtl 
b). 

position
 

D5RNays +1

after
 

a a h a . A
labeling Organ 
1 ar 65.4 8s.1j 6.8.2 6.8.2 0.S 601. 1 . 

leae lade 14.2 28.2 20.1 20. 23.1r 2.) 58.1 58,t5 

Sten !5,4 11.1 is. S I5. 70.7 2h.75.4 11.1 6 
toots ().5 ().5 (1.6 (1.6 (0.7 (.7 5.1 .I 

14 Ear M7.3 71.6 84.1 71.5 82.6 65. 2 o. 5 14.1.2 
Y2af lade S.1 4.2 6. 0 ." 7. 34. 2. 81.
S5e 7.2 5.: 8.8 7.5 ., 7.2 11.2 7.6 

tolsM 0.4 1.3 1.0 ()(. 40." ((.4 1.8 2.6 

Gnin b%\'ear 5.7 3.3 ?.7 24.4 
Inns b)yo.er rgan 23.7 28.3 2,.1 5,.1 

and roots was Iiiore (hal sufficient to ieet the addi­
tiotial requirements of the kernels (lables 3 and .I). 
Our estimates to not reveal the specifIc origin of 
1.,C iliorted iy the ear. 1The stem is probabillly tile 
pi'itiple stiurte silce it sull)telitls the ear. Thits, the 
ear potentially (all import (arlioll ilobili/ed in other 
organls, ilnl major redistrilbtion aliliears to O(tlr 
within the ear. 

The patterns of redistrilbutioti of' I.: revealed ill 
Tables 3 and I1are toisistent witi previt)lls olmlerva­
tions that de(reases in dry wt of tlie stalk, husk, ain 
col). andtdecreases ill solulle solids of tile stalk, oc(t ir 
duiring accumulation of dry miatter by kernels (1, 2, 
.t, I1, 18, 19). Labeling exieriments iat we report 
support the hypolliesis th;t t(arbtluo issinihted after 
flowering and translo(ated to siemi, col), aild husks (.ai 
be mobiliied and redelposited ill kernels at a later 
(late. Calcuilations based on llaiiwav's Table 2 and 
Fig. 1 (9) suggest that grain a( umitlits alolit 2 g 
dai-i plan t I lv tralislocalionl after flowtring from 
organs decreasing ill dry wm. Our restlIts tharily this 
phenomenoi Iby revealitng that about half of the tar­
boll accrued iy kernels in the period iollowing flow­
ering is tra nslocated directly ftilu the upper leaves 
within 2.1 li-. For exaimple, Table 3 shows that 29 to 
3611 of the label assinilated iy -t-3. -1-I, and -1 
Ilades is deposited iti kernels within 2.1 irs of assimi­
lition. :\n eq ua I lality, aboit 30 to 36(',1,, of Ile 
label assimiilated Iv +3, +1 ani -- I ilades is le­
posited ili (ohs and husks within 2-1 hirs of lalieling. 
Furthermore, about 7(1 to X5'., of the laliel loimi ll­
per ilatles that is deptc(id ill tobs atId liltsks is sub­
sequently rcinoliili/ed lni :inslo(ald to kernels ill 
the etilsting 2 weeks (T'alble 3)...\l eveni lesser altimOnlt 
of (arlion, pirolialily 5 to ()",, o tLhe label assimlilated 
after flowering, is first dllosited ill the stein and 
later retraislotated Ito kernels (Tailes 3 andii .1). Of 
course this latter estimate is less lire(ise than those 
for translo(atiou fron leaves, atll obs aid husks, 
ibecause static ieasulremels of tie attruial of label 
cannot fully des(riie tle dy tai( trall of assimi­olSort 
late. 

Nevertheless, our fieh experinets suggest that cobs 
and husks meaV be the primipal reservoirs of (arlion 
that allow linear (It-'- matter attitiilation ill keriels 
while the dry Iatter lprolilion of tile plantt fltctu­
ates with tailly raliation re(eipts. l)utan, latfiell, 
and Raglaid (5) previottsly ;is(tibeid this function to 
the stem. \We (oilude that assimilation IbVleaves tlur­
ing the period of glowtI after flowering of tropical 
itaize used in these experimlents exteeded the iapacity 
of kernels to actelit tarbon. El1ih;sIs ii it(reasing 



376 CROP SCIENCE, VOL. 

sink size or number of kernels may therefore be re-
quired to improve yield of other tropical maize vari-
eties that behave similarly. Efforts to increase sinksizhatehave shoulmipaallely. to osynktts increase 
size should parallel attempts to increase photosynl-
thetic capacity of the plant, because plentiful photo-
synthate (luring vegetative growth and inception of 
flowering undoubtedly ensures development of fertile 
spikelets on the ear. 
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