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Abstract. The kinetics of chlorophyll and protein decomposition and the effect of gibberellic
acid (GA) were examined in senescing leaf discs of Rumex crispus and R. obtusifolius. Loss
of Rumex total chlorophyll proceeds at ia s9low rate for about 2 days followed by a period of
rapid logarithmic decline. Chlorophyll b is lost at a slightly faster rate than chlorophyll a
during senescence in discs as well as in situ. GA causes a complete cessation of net chlorophyll
and protein degradation for several days in Rumex, in contrast to the incomplete senescence
inhibition generally observed with cytokinins. GA is fully effective even when added at the
middle of the logarithmic phase of chlorophyll loss. Senescence inhibition by GA is apparen,tly
gradually reversed upon GA removal. The cytokinins, kinetin and 6.benzylaminopurine, were
also effective in Rumex leaf discs, indicating that 'the senescence retarding effect was not
restricted to the gibberellins.

Tihe regulation of leaf senescence by cytokinins
lhas received much attention since the 19.57 report of
Richmond anid Lang (12). Retardation) by gib-
berellic acid (GA) of the senescelnce of excised leaf
tis!sue has been noted only recently (5) and has
subsequently been reported in several species (1.
10, 13). Little informiiation is available on the timiie
course of senescence in such systems, with the ex-
ceptioni of Fletcher and Osborne's work witlh
Taraxacunt (6). This report deals witli the senies-
cence of Rumntex leaf discs and presents new infor-
mation on the kinetics, reversibility, and specificity
of the hormone response.

Materials and Methods

Mature leaves were harvested from wild plants
of Rumex crisputs and R. obtusifolius growing in
Berkeley and Albany, California and from plants
grown under controlled conditions from seeds of the
wild plants. Seed dormancy was overcome by a
brief red light exposure (8). The seedlings were
grown in soil under a 16 hr daily photoperiod of
500 to 1000 ft-c white fluorescent light at a constant
temperature of 250. Discs 6 mm in diameter were
punched from the leaf blade with a paper punch,
randomized, and floated adaxial side up on water
or test solutions in plastic Petri dishes. The dishes
were then incubated at 300 in darkness.

1 Supported by NSF Grant GB-6066.
2 NSF predoctoral fellow. Present address: Bio-

logical Laboratories, Harvard University, Cambridge,
AMassachusetts.

Samples of the leaf discs takein initially anid
after periods of incubation were homogeinized allnd
used for total protein and clhlorophyll (leterlllillatioll.
Proteiii wvas extracted anid determinied bv the metlodI
of Lowry ct al. (9) as previously- described (7 ).
Chlorophyll a and b were determiinled spectrophoto-
metrically in 96 % (v/v) ethanol soluitioni according'
to Wiintermiians and de Mots (14). Data are usually
expressed as the percentage of chlorophyll or lproteill
iniitially preseiit renmaining after inctubationi. TIhle
net decrease in tissue chlorophyll and protein conitenit
is the measure of seneseenee used in this work.
Experiments were performed at least twice anid gave
reproducible results. Representative experiments are
presented.

Results

The time course of chlorophyll and protein loss
is illustrated in figure 1. The loss of chlorophyll
alwa-s shows a distinct lag phase during whllicl
total chlorophyll decreases at a rate of less thin
5 % per day. After this time chlorophyll loss pro-
ceeds at a rapid pace until more than 80 % of the
initial amount is degraded. Chlorophyll loss durlin
this period follows a logarithmic decline. The decay
of chlorophyll a and b follows a similar patterln
except for the following: a more rapid drop in
chlorophyll b during the lag phase; and a less rapid
decrease in b toward the end of the period of chloro-
phyll loss.. The slightly greater rate of chlorophyll
b loss during the log phase leads to an increase in
the chlorophyll a :b ratio during senescence (from
32-4.6 in this case). A relativelv faster chlorophyll
b decline was also measured in R. crispus leaves
yellowing on the plant.
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FIG. 1. Time course of senescen-ce of R. crispus leaf

discs on wvater. Upper part of the graph, protein and
chilorophyll loss on a linear scale. Lower part, per-
centage losis of chlorophylls a and b oIl a logarithmic
scale. Incubation time in days oII abscissa.

Protein decomposition followes a plattern generally
similar to that of chlorophyll except that rapid

p)roteini loss often slightly precedes that of chloro-
phyll (fig 1). The protein loss is not as extensive
as that of chlorophyll, however, and begins to level
off when only 30 to 40 % of the initial is degraded.

The effect of GA applied to R. cirispts leaf discs
oln day zero is shown in figuire 2. (Chlorophyll loss
is completelv inhibited by GA\ for about 5: days.

After thlis timiie a gradual dlecrease in chlorphNI 11

begins. This decrease is niot overcomle by rep)lacing
the GA solution every 2 or 3 day s. The plrotein
(lata, although nmore variable, also indicate an essen-

tially coniplete seniescence inhibition bx the (l\

treatment for several dlays.
The lag phase-log phase behavior of senescence

in control discs presented the interesting possibility
that chlorophyll and protein decomposition mighlit be
irreversible once the log phase of decline had begun.
This wvas tested bv GA addition in the miiiddle of the
period of rapid senescence. The results illustrated
in figure 3 showv a nearly complete senescenice inhi-
bition by G;A additionl at this timei. The inhibitioni
of chlorophyll anid protein loss under these condi-
tionls -\vas ra,pid and coul(d be measured wvithin 12
hr of GA addition.

'T'hie (.A-ilnduce(l senescence retatrdationi was
clhecke(d for reversibilitv in the followinlg experimiienit.
ILeaf discs Wxere floated oni water for 2.5 days
treate(d 1 dav xxitlh (L\A, -\vashed. and(i furtlher inlcnI-
bated oni several changes of water to insure GA
remiioval. The results showxn in figure 4 showv that
the inhlibitioin of chlorophyll losss cause(d by the
1-day GA treatnment is gradually overcome. On (dy
1 5.5. chlorophyll loss in the rev iousl\ GA treated
discs is as comiplete as that att.ained by xvater coni-
trols. P'rotein loss is not shoxvin in this figture. but
it is as great in the treated discs as in the conitrols.
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Fitc;. 2. Retalrdationl of chlorophy-ll andlf protein l oss

inl R. crisAPus leaf discs by 10 ,LM GA. Discs wxere flo>ated1
onl GA or waLter from day! zcro

Thle specificity of the retalrdationl of Rumssex lealf
tlisc senlescenlce by particullar growthl regulators waso
tested by addition of thle cytokinins. kinetin1 anld
owbenzylaminopurine (BAP). Nearlyr saturated so-
lutions of kinetin (approxs -hI mg/l ) caused a sulb
stantial retardatioii of chlorophyll loss. Lower con-
centrations wsere inl somle cases also effective. BA\P
xvas effective over the range of concentrationls tested.
1.0sOG0 1tM) and( at shlort timles of incubaltionxlaXXs

nlearly as effective as G \ on chllorophyll loss ( tal)lc
1). BAP' and kinetin additionls (luring the logarithl-
mic phlase of senlescenlce retardled. bout did nlOt COinl
iletely- block, fulrthler chlorophyl!ll dlecomp)ositionl.
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The behavior of R. obtusifoliuis leaf tissue was
similar to that of R. crisputs with respect to the tinme
course of pigment and protein loss, the effectiveness
of GA during the slow and ral)id phases of senes-
cence, and the increase of the chloroplhyll a:b ratio
during chlorophyll decomposition in discs and in situ.
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FIG. 3. Effect of mid-course addition of 10 ,r GA

on R. crispus leaf disc senescence. GA was added to 1
set of samples on day 3 (arrow).
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FIG. 4. Apparent reversal of the GA-induced retar-

dation of chlorophyll loss in R. crispuls leaf discs. Discs
were incubated 2.5 days on water and then transferred
to 10 juM GA (Jl) . After 1 day the GA solution was
removed, (I), the discs were washed, and subsequently
incubated on water. The water containing the GA-treated
discs was changed 4 times; 4, 24, 48, and 72 hr after
4Aremo Aalon day 3.5. The treated discs (GA-R) are

compared with controls floated on water from day zero.

Table 1. Effect of 500 gmi 6-Benz-ylaminopurinc (BAP)
Addition on Day Zero on the Senescencc of

R. crispus Leaf Discs

Incubation
time C

days

Chlorophyll'
_ontrol BAP

Protein'
Conitrol BAP

0 100 100 100
2 90 103 91
3 69 101 87
5 27 88 65

t % Of initial remiiaininig after incubation.

100
99
93
92

Discussion

The timle contrse dlata inldicate(l that chlorophlyll
and proteii (lecomnposition approximiately parallei
each otlher in Ruine.x leaf discs seniescing on water.
The observed logarithmic decline of chlorophyll
content after the initial lag period is consistent with
a mechanism wvhich involves a constant rate of
degradation acting on a fixed amount of chlorophyll
which is not replenished by furtlher clhlorophyll sVyn-
thesis. The faster riate of chlorophyll b loss relative
to chlorophyll a during senescenlce in Ritnicxr tissule
is apparently unique and is in contrast to that foun(d
in leaf senescence of most species exani-:ied (4,15).
It would be interesting to compare the distribution
of this pheniomenon with the occutrrenlce of senes-
cence retardationi by GAk silnce the latter also appears
to be found only in a limited number of species (5).

The nature of changes leading to the abrupt
acceleration of chlorophyll decomposition which be-
gins after the lag phase is obscure. The effective-
ness of GA treatment even when chlorophyll and
protein loss is halfway complete (fig 3) shows that
the tissue is not irreversibly committed to decom-
position during the initial lag period. This experi-
ment also presents a leaf senescence system which
shows a very rapid response of tissuie total protein
alnd chlorophyll levels to hormione treatment. Suiclh
a rapid effect should prove useful in separating
primary from secondary biochemical events in futuire
attempts to resolve the mode of GA action in leatf
senescence.

Whyte and Luckwill (13) reported that Ruinex
obtusifolius leaf disc senescence retardation xvas
specific to the gibberellins. Their inability to obtain
senescence inhibition with kinetin may have been
due to the use of an insufficiently concentrated
solution. In the present study kinetin and especially
6-benzylaminopurine markedly retarded senescence
in Rume.r leaf discs. It thus appears that the senes-
cence of leaf discs which respond to gibberellin can
in most cases also be retarded by cytokinins '(2, 5, 10).

The completeness of senescence inhibitioin by GA
founid in this study is striking. Beevers and Guern-
sey (2) reported an effect on chlorophyll loss in
Nasturtium nearly this strong. Protein loss was,
however, not completely blocked by GA in their
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experiments. Inhibitions of net protein and chloro-
phyll loss in leaf discs which respond to cytokinins
on the other hand are never complete (c.g. 3,11,12).
The eventual decline seen in GA treated RuLnex
discs (fig 2) may be caused by depletioni of some
cellular metabolite(s) necessary to support GA
action. Such a phenomenon could also lead to the
apparent reversibility of the GA imposed senescence
inhibition shown in figure 4. One could test this
possibility by a second GA application during the
period of reversal. If the apparent reversal is truly
due to a washing of GA out of the cells or a con-
sumnption of GA molecules at their site of action, then
this must be a rather slow process.

Literature Cited

1. BEEVERS, L. 1966. Effect of gibberellic acid on
the senescence of leaf discs of Nasturtiuo (Tro-
paeolum majus). Plant Physiol. 41: 107476.

2. BEEVERS, L. AND F. S. GUERNSEY. 1967. Inter-
action of growth regulators in the senescence of
Nasturtiumt leaf disks. Nature 214: 94142.

3. DENNIS, D. T., M. STUBBS, AND T. P. COULTATE.
1967. Thle inhibition of brussels sprout leaf sen-
escence by kinins. Can. J. Botany 45: 1019-24.

4. EGLE, K. 1944. Untersuohlutngen iiber die Resistcnz
der Plastidenfarbstoffe. Botani. Arch. 45: 93-
148.

5. FLETCHER, R. A. AND D. J. OSBORNE. 1965. Reg-
ulatioln of protein and nucleic acid sxynthesis by
gibberellin during leaf senescence. Nature 207:
1 176-77.

6. FLETCHER, R. A. .\ND D. J. OSBORNE. 1966. Gib-
berellin, as a regulator of protein anid riboniucleic
acid synlthesis during senescence in leaf cell's of
Taraxacumt officinaic. Cani. J. Botany 44: 73945.

7. GOLDTHWAITE, J. J. AND W. M. LAETSCH. 1967.
Regulation of seniescence in beani leaf discs by light
and chemical groNwth regulators. Plant Physiol.
42: 1757-62.

8. ISIKAWA, I. AND T. Fujli. 1961. Phiotoconitrol aiid
temperature dependence of germiniation of Ruwnex
seeds. Plant Cell Physiol. 2: 51-62.

9. LOWRY, 0. H., N. J. RosEBOROUGH, A. C. F.ARR,
AND R. J. RANDA,LL. 1951. Proteini m11easurem11enlt
witlh the Folion 1)henol reagent. J. Biol. Chelmi.
193: 265-75.

10. MIJSHRA, D. AxNi) B. MIISHRA. 1968. Effect of
growth regulating chemical's onl degradatioi of
Chlorophyll anid starcol in detachlied leaves of crop
plants. Pflanizenphysiol. 58: 207-11.

11. OSBORNE, D. J. 1962. Effect of kiniletin on proteini
and nuicleic acid metabolism in Xanthiumt leaves
during senescence. Plant Physiol. 37: 595-602.

12. RICHMIOND, A. E. \ND A. I,ANG. 1957. Effect of
kinetin oni protein content anid survival of de-
taclhed Xanthhin leaves. Science 125: 650-51.

13. WHYTE, P. AND L. C. LUCKWILL. 1966. A senisi-
tive bioassay' for gibberelins basesd oni retardation
of leaf senescence inl Klt6 w-.r obtufsifoliuis. Natuire
210: 1360.

14. WINTEKR.A.\NS. J. F. G. M. AND A\. DEMOTS. 1965.
Spectrophotoilietric characteri,stis of chlorophylls
(a. anid b and their plheoplhytinis in ethaniol. Biochimi.
BRiophys. Acta 109: 448-53.

15. WOLF, F. T. 1956. Changes in chlorophylls a anid
b in autumn leaves. Am. J. Botany 43: 714-18.

18358


