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Stun1n1a1ry. 'I'lle possibility thlat leaf abscission miliglht involve a niobiliza-tion p)heloiil-
(iiofl lea(ling to a localized cellular seniescenlce as examilie( lbv following (lr weight
clhaniges. chlorophyll conltenit, anid proteini levels in l)roxinmal and (listal tisstue of excised
pieces of bean petioles from I'hlaseolius 70dlygos L. var. Red Kidlney. Nucleic aci(d levels
w-ere determinied as were l)hosl)hate 1)ool sizes in conljuniictioll with 'P labelillg patterns.
Each of these parameters inclicated a mlobilization inito the tissues proximal to the zolle
of cellular sel)aration at the expense of the distal tissues. suggestilng that miobilizatioll
aiicl the consequen,t developmiienit of celltular selnescenice provide a coml)onent in the lproces.s
of bean leaf abscission.

'I'le stuggestioni lhas beell imia(le by Osborne ali(l
M\oss ( 19) that leaf abscission miiav be regar(le(l as a
localized celltular sellescence. That mobilization ceni-
ters cani lea(l to seiescenlce has beeni well doctumenlted
(1 1 .214. 19). The experimenits descril)ed ini this
paper are ani attepll)t to relate abscission to a localize(d
celltldar seniescelnce resuiltinig fromii a mobilization ef-
fect 1)v tissile oli the p)roxiiimal si(le of the zonle of
celluilar separation.

Methods and Materials

'T'lhe explerilliental l)lalt miiaterial was growln in
the mianner of Rubiiistein aild Leopold (20). Seeds
of Plia(scolius z uilgaris L. var. Red Kidlexvwere sown
ini verniiculite ill conitrolle(d environment chambers alnd(
the planits maintained uinder uniiformii conditions ( 16-hlr
p)hotolperiod, 2000 ft-c and(i 22 + 20). Planlts were
approximiiately 15 dlays old anid first trifoliate leaves
startinig to expan(l when the primiiary leaves were ex-
cise(l and the blades trimmiiiied off. A silgle sectioin
-was ctut fromii each petiole witlh a 1 cmll cutter so that
the uipper abscission zonle wvas in the ceniter of the
explaint. ULnless otherwise stated, 10 explalts were
thel)placed l)roximal ends dlown in 1 % agar 4 mm
(leel) in a plastic petri dish. The dishes were reullried
to the growth chaml-ber at a light initelnsity of 40()0 ft-c.
Und(ler these experimllenltal conlditionls, ahscission was
achieve(d in 50 % of the exlplanits at about 100 hours.

h'l'e chlorophyll conitent for- 25 explanlts was
meastire(l at (lifferelit times by extractinig the distal
and l)roximal halves of the explants with ; iiil of
methyl alcohiol and readinig absorbance at 660 im1y
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wvith a lBeckmiiani B slectrol)hotomieter. 'T'he dlrv
weight of 10 distal andIproximal halves was deter-
ine(l. Soluble lprotein chalnges ( p)recil)ital)le w\vith

T15CA) in distal anid proximal halves of 25 exl)lants
were measured usinig the Lowry metlhod (13). Total
RNA conitenit of distal and l)roxinial tissue of 25 ad-
(litionial exl)lants Nwas imieasuire(d 1w 'Method 11 of
Cherry (3 ).

h'l'e total aniiotiits of plIosli)hate ill the dlistal ali(l
l)roximal tisstue of 10 explant samples were measured
by the method of Fiske alndl Subbarow (5). Oveni-
dried sanll)les were ashed at 6(00' and the ash takenl
til) in 0.4 ml 10 N I,ISo. Sinlce pdH is a critical
factor for this method 11o furtlher aci(d was addedl to
the saml)le anid the colorimetric determiniationl was
ma(le usinig the complete sample. The final volume
w-as 10 ml. Total Pi in the distal and Iproxii4ial tissue
of 10 explanlts Nas miieasured by the same colorim-ietric
iethod described above. The tissue was grotind
wvith 3 nml H.,O anid the homlogeniizing flask washed
with 1 nml water. Trichloroacetic acid, 3 ml of 10 %
(w/v), w-as added to precipitate protein and( the ttubes
were placed in thle refrigerator overnight. The pre-
cil)itate was removed by centrifugationi au(I P., mleas-
ture(d in a 1 mil aliquot. In this case, 0.4 ml 10 N
H.,S04 was addedl before color development. Final
saml)le voltumiie was againi 10 1nil.

For 32P up)take exl)erimlienlts, explants -wer( floated
onl radioactive solutionls and the anmount of label ill a
phenol-Tris buffer extract was measured. Ten explanits
were floated for 1 anid onie-half hours on 10( ml buff-
ere(l 32P solution (5 uxc/nml in 0.01 MI K..H:PO4) alnd
refloatedl on iunlabeled phosphate buffer for 45 mill-
tites. The explants were then divided ilnto (listal anid
proxinlal lportions anl(I homogenized with 3 nil plieliol
satturate(d with 0.01 M.\t Tris buffer: 0.01 Mr Tris-HCIl
pH 7.6. 0.06 :i KCl and( 0.01 M\ MgWCL 0.1 ml ben-
to0nite (4 nmg) alid 0.5 ml 5.5 % l)upanol (sodiunii
laurvlrI sulfate ). TI'he flask \\is rinse(l w\ith I ml of
buffer and the total homogenate placedl in test tubes.
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'Tris buffer (4 nml) was added to each tube and thor-
oughly mixed, anid a 1 mil aliquot of the aqueous layer
was plate(l olto anl alumiinlumii planchet and dried for
counltiig.

To miieasure 3'2) illcorp)oration inlto total nlucleic
aci(ds. 25 explanlts were floated for 3 lhours onl 30 l

buffered :"T solutionl (20 uc/mil in 0.01 t K2.,HPO4)
all(l washed for 2 imiilnutes in X 1()0 NM H3PO01.
I'he explanits were thenl divided ilnto distal anld proxi-
mal portiolls anld grouniid vith; nl phelol saturate(d
with 0.01 Mi T'ris lbuffer: 3 nml 0.01 at 1'ris-HCI, pHl
1.6. 0.06 Mt KCI anid 0.01 M M\gCl.,; 0.1 nml bentonite
(4 ilg) and(l 0.5 mil 15.5 % Dupanol (so(lium laurvl
sulfate). The flask was rinise(d with 1 ml of buffer.
The aqueous solutioni was removed aln(l treated onice

with aln equal voltumiie of cold phelnol in presence of
bentonite followed by a half-volume cold phenol-benl-
tonite treatmenit. Nucleic acids were precipitated by
adding 2 volumes of cold ethanol. The precipitate
was dialyzed for 2 and one-half days against 0.05 M

phosphate buffer, pH 6.7. The dialyzing solution was

chaniged 3 times. Final sample volume was 5 ml.
Two 0.5 nil aliquots from each sample were plated
onlto alumliniumii planchets and dried for counitiIg.
The 32P mobilization experiments w-iith excisedl

leaves were conducted by placing excised 15-day okl(
primary bean leaves with the entire petiole in 500
H.,O for 20 seco(lls to hastenl the (leveloplment of
senlescenice (4). A )0.1 ml aliquot of a 32P Soluttioll

5n c/nml) wtas then l)il)etted onito the leaf blade. The
leaves were place(l in a dark room until the timle for
abscissioli drewinear. At that time the pulvinus ali(l

petiole were cut into 2 mmln sections, dried and(I counitedl.
Durinlg the development of senescence the petiole
bases were trimmed to retard root initiation.

All experimeents reported were repeated 3 or iimore

timles with comparajble results.

Results

The most obvious change that occurs with sene-

scence in green organs is the loss of green color.
Therefore, as a beginning poinlt in stud(ving the pos-
sible involvemenit of senescence phenomelna in ab-
scissionl. the extent of chlorophyll changes oli each
side of the separation zone were measured. Figure IA
shows that with the approach of abscission. the chloro-
phyll conitenit declines gradually on the distal side:
on the proximal side, however, there is an actual in-
crease in chlorophyll content. This reciprocal change
suggests that the cells onl the proximal side may mo-

bilize nwaterials out of the cells distal to the abscission
zone

Dry weight changes have been usefully employed
in the past as a measure of mobilization phenomenia
(1). Measurements of the dry weight changes in
explants (fig 1 B) reveal that during the development
of abscission a decline of about 30 % in the distal
tissue is matched by a similar gain in dry weight of
the proximal tissue.
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Fi(;. 1. A, Chlialges in chlorophyll conitenit in proximal
and distal halves of bean petiole explants. 50 % Abscission
occuirs at about 100 houirs after deblading in all experi-
ments reported. B. Clhanges in dry weights in explants.

A degradationi of proteins in leaves during sene-

scence has been well documented (15, 24). That
mobilization activities can stiimulate protein degrada-
tion from source regions of leaves has been shown
more recently (16. 18). AMeasurements of the total
soluble protein in the distal an(d proximal halves of
explants were carrie(d out at various stages during the
development of abscission (fig 2A), and a decrease
in protein in the distal tissue was found to be coinci-
dent with a rise in protein in the proximal tissue.
Again this would suggest a mobilizationi of substances
out of the distal cells.

A decline in nucleic acid during leaf senescence

is well knowln (2, 22, 23). Figure 2B shows the
pattern of changes in RNA levels in the distal and
proximal tissue of the explant during abscission de-
velopmenit. There is a decline in the RNA of the
distal tissue and an increase during the first 48 hours

in the proximal side.
The mobilizatioln of mlaterials out of leaves is

associated with a dramatic loss of orthophosphate
(17). Deternminations of the phosphate concenitra-
tionls in explants durinig abscissioln are showni in figure
3A. Froml the data onl total phosphate contenits
(fig 3A) onle can see a depletion of the distal tissue
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As another approach to the clhaniges in plhosphate
4.0 A conicentrations during the development of abscissioin.,*- AO we floated explants on 32p solutionls and examine(

E Proximal the amount of radioactivity appearing in phenol-Tris
Z 3.0, -r_ - - - - * -.extracts of the tissue. Figure 3B shows the results
w of a representative experiment. The counits were
o corrected for the isotopic dilutioni by the varving Pi
a. 2.

pool sizes as reported in table I. 'T'he data in figure
w ~ 3B represent 32P incorporatioin per mmliliole orthophos-
ms - O l)hate in the tissue.
JI The inicorporationi of label inito both dlistal anidon .0 l)roximlal tissues at timiie zero is lo\\-. As the experi-

miient proceeds, however, the incorporation of label
into the proximal tissue rises stea(lily up to the time
of abscissioni (96 hours) whereas incorporation into
the distal tissue first rises at 24 hours ali(I theni de-

0.8 B creases until the termiiniation of the experiment. These
0.8 B results would again suggest that the proximal tissuei

(levelops anl assimilative advantage over the (listal
tissue.

0.6 A more exact indication of ani assimiiilative ad-
- ---_ - vantage developing in the proximiial tissue would be

_ - - ~ - _ _ _, the examination of 32P incorporatioll into total niucleic
50.4z . Proximal acids. Results of such experiments are shown in

table II. The data indicate that there is an inlcreased
0.2\Distal incorporation of 32P into the nucleic acids of the

0.2 -? Dlstol proxinmal tissue 48 hours after labeling. andl this a(l-
vantage is maintaineol after 96 lhouirs. P32 incorpora-

0.00

24 48 72 96
A

A

HOURS AFTER DEBLADING 4.0

1A(;. 2. A, Changes in soluble protein conitenit ini proxi- Proximal
iiial and (listal explaiit tissuie. B. Clalinges ini RNA pat- 30
terlnis inlexplanit tisstue. 41t

0
a. 2.0 Dsa

aiiol ai accumtulation in the proximiial tissue. Coin- 0
0parative data for orthoplhosplhate anid organic phos- I

phate levels during abscission are slhowni in table I. 0
the organiic value beinig derived by difference between
orthophosplhate anid total phospllate. These data
reflect a greater change in organiic phosphate thanl ini 00
the orthophosphate fractioni, butt both fractions inldi-
cate the accumulatioln of phosphate in the l)roximal
tissuie at the expelnse of the (listal tissue. E16000

E

rahle I. Concnleltral)ol of OrtIloPlis)spiatet tiind O(Y/q(lflie 12000
Phosphatc in E.reised Bean Pctiocs Z -

System: Phosphate in a 1 ml aliiuot (3 ml homog- F 8000
enate) using 10 beani explants per sample. Color developed c 0 0 P
bI method of Fiske and Subbarow uisinlg alpha amino ,-
naphtlhol sulfoniic acid. All values are a\ X 10-4. o Distal

0 4000 -

Tissuie Time after debladinig N/to
0 48 96 hrs. C

Ortho- Distal 1.6 1.3 1.4 00 24 48 72 96
Phosphiate Proxinial 1.4 1.8 3.0 HOURS AFTER DEBLADING

Organic Distal 1..9 1.5 0.6 FIG. 3. A, Total plhosphate distributio inMproximal
Phosphate Proximlal 1.3 1.6 2.0 and distal tissue. B, phosphate inicorporationi fol- 3 hours

at various times after debladim,.

, 't -% %
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Table II. 32P Incorporationt into Total Nucleic Acids A series of explant experiienits were conducted in
During Abscission Developmnent which abscission was inhibited by proximal applica-

Couniits cxpressed as cpm/mmole phosphate. tion of 5 X 10-4 alpha naphthaleneacetic acid (20).
Under our experimental conditions none of the ex-

Tissue Time after deblading plants had abscised 96 hours after deblading. The
0 48 96 hrs. results of experiments, in which 4 different mobiliza-

Distal 854 + 57 700 ± 13 420 ± 16 tion parameters were followed in explants, are shown
Proximiial 1080 ± 44 2040 ± 73 1950 ± 187 in table III. Chlorophyll contenits declined silmiilarlv-

-- in distal and proximal tissues. The dry weight re-

tion into nucleic acids of distal tissue declines steadilv mained approximatelv conlstant in the distal tissue.
with time. These data are consistent with total RN; Protein and phosphate contents declined in the distal

nin figure 2B. tissue. but the extent of the chanige was smiialler tllanconthena showeding experiients we have been exaiii
in tissues which were undergoilng abscission (cf figIn the preceding experiments we have been exanil .3) Th dat iniaetaoh xeto oiia

iing the changes during the abscission development .

in explants ; to examine the involvement of a mobiliz- tion of materials out of the distal tissue is markedly
nt; nnnrn n qnnr n-lrni ,.iin exneri less in explants in which abscission has been inhibited.{1LIUII PllCUHlllCHVl III Cd lllUl c llcitalUC 31LUtLiil,ll C'jjC1J1-
niienits were carried out on the redistribuitionl of 32P
alolng the petiole of excised whole bean leaves during
abscission development. Excised leaves were dipped
inito warm water to hasten senescenice (4) and radio-
active phosphate was then applied to the leaf blade.
At the time of abscission the distribution of 32P along
the pulvinus and petiole was determnined. Figure 4
shows the results of 4 represenitative experiments.
In every case, a distinct accumulation of 32p (30 %)
occurred in the tissue imniediately proximal to the
abscission zone. These data further support the conl-
cept that the tissue proximal to the abscission zone
is acting as a miobilization center.

If mobilization can serve to trigger abscissionl
development, then a treatmiielnt whiclh stippressed ah-
scission might be expected to suppress mobilizationl.

E~~~~~
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2 Pulvinulus 4 6 Petiole 8 10

DISTANCE FROM LEAF BLADE, (mm)

FIG. 4. Redistribution of label along the petiole at
the time of abscission following application of 32P to tle
leaf blade.

Table III. Illobilization in Awuxin Tr-cated Explatnts;
Abscission Inhibited with 5 X 10-4 M NAA

Tissue Time after debladinig
0 48 96 hrs.

Chlorophyll Distal 0.32 0.16 0.10
(OD660) Proximal 0.25 0.17 0.09

Dry \\t Distal
(mg/explant) Proximal

Protein
(mg)

1.58 1.67 1.56
1.32 1.50 1.54

Distal 2.12 2.12 1.56
Proximal 1.86 1.79 1.96

Total PO4 Distal 3.42 2.85 2.05
(1q X 10-3) Proxinmal 2.41 3.06 3.66

Discussion

The associationi of miiobilization with leaf senles-
cenice has been conclusively showAn by LMothes (16)
Leopold (11), and Leopold anld Kaw'ase (12). Os-
borne and 'Moss (19) suggested that the abscissioii
zone is particularly sensitive to the withdrawal of
metabolites and that promotion of such a withdraw-al
by auxinis, kinins. or gibberellins could lead to a lo-
calized cellular senescence and hence abscission.

The present experiments describe losses in dry
wveight, chlorophyll, protein, nucleic acid. inorganiic
aiid organic phosphate fronm the distal tissue of ex-
plants during the development of abscission. The
concomitant increase of these comiponents in the prox-
imal tissue im)plies that this area of greater synithetic
activity is provoking a mobilizationi of materials outt
of the distal tissue and conitributing to the senescence
of cells at the separation zone.

The time sequence of mobilization events into the
proximal tissue provides for an area of interesting
speculation. Phosphate, dry weight and RNA in-
creases are evnident 24 hours after deblading, followe(d
by increases in protein and chlorophvll contenlts.
Rubinstein and Leopold (20) have described a 2 stage
abscission developnment in bean explanlts using identi-
cal experimental procedures to those employed in this
study. In their study stage 1 was complete(d about
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18 hiouris after dlebladling. Our (lata suggest that stage
1 might iuvolve the establishment of a metabolic
a(lvantage ill the cells~- oni the proximial side of thle
sep)arationi zolle, evi(leuce(l. for examliple. as an in-
cr-easedI nutcleic aci(l svnthlesis in thle first 24 hiouirs.
Stag 2 ih nov the developmenit of thlis ad-
v;m1ta(re as all lilllailce(l p)roteiu sviithiesis anld dlrv
w\eight accumnulationi.

Th'le r-ole of growth in the reguilatioul of abscission
lprocesses wvas niotedI long- ago by 1,ailbach (9)1. lie
olbserved that (lel)la(le(l petioles of Colcius in which
ahbscission was retar(le(l by appllication of orchid( p)ollenl
exhibited swelling anid elong-ationl. He iml)lie(l that
g-rowth (of (listal tissues) is associated with abscissioin
inhlibition,. a suggestion for which Jacobs et a]. (8')
have recenltly provided exp)erinmental evidence.

Gorter (7 ) niotedI that the abscission of Coleius
exp)lauts was hastenied if larger amiounits of s-tern tis-
suie xx ere l)resent proximial to the abscissioin zonle. Our
(lata stiggest as ani exp)lanation that thie larger stemi
p)ieces l)rovi(ded miore effective mobilizing centers,
thuts leadling to a more rapid cellular seniescenice inl the
ab)scission zonle.

Recently we have shownv ( 21 ) that thle miorpho-
logical chaniges which ~take l)lace (Ilurilig thle (levelop)
mient of abscission in the bean p)etiole are sugg-estLI'Ve
of a lpossil)le involvemient of seniescenlce in a localized]
layer of cells. \Ve founld thlat the xylemi vessels inl
the abscission zonie becomie p)lugged wvith tyloses which
could r-esuilt ini a water stress, and( fuirthiermiore that
the phloemi callose ini the abscission zonle underwent
hydrolysis xxhen abscissioin was p)roinotedl 1y auixill or
ethlvene appllications. This (lissoltitioni of callose
could] resuilt in facilitatedI miovemlenit of niutrienits fromi
the (listal tissuie inito the proximial tissue adjacenlt to
the abscission zonie.

The frequlent occulrrenlce of local regi-ons of active
cell ilivisioni just proximial to the point of abscission
hias ledI to the suggestioni that cell (division activity
migh-lt hielp stimiulate abscission (10). The role of
cell (division was later (leniied when cases of abscissioin
were observed wvithout any~app)arent cell division
aictivity (6). Thle exp)erinleints rep)orted here suggestI
that while cell (livision miiay in fact niot be necessarv
for abscission, the presence of a localizedI regioni of
suich active metabolic activi-ty couldI certaiinly acceni
tuiate a tendency for the mobilization of miaterials
oult of the selparation zonie inito the miore proxilmal
tissues. aniIlihenice contribute to the development of
cellular seilescence and abscission.
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