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Summary. Senescence of Grand Rapids leaf lettuce was greatly reduced at 3 stor-
age temperatures by post-harvest treatment with N,N-dimethylaminosuccinamic acid
(Alar) and 2-chloroethyltrimethylammonium chloride (CCC), buit not with 6N-benzyl-
adenine (BA). Conversely, Alar and CCC were inactive on broccoli while BA was
markedly effective. The deterioration and discoloration of mushrooms was inhibited
by Alar with no effect observed from BA or CCC.

The inhibition of senescence by BA and the growth retardants wax not always asso-
ciated with a reduction in respiration (02 tuptake, CO. evolution). BA stimulated res-
piration and hastened senescence in leaf lettuice accompanied by a diametrically oppo-
site effect from Alar and CCC. Thus, BA cannot be considered a universal senescence
inhibitor. The variability of senescence responses induticed by different chemicals on
a variety of plant tisstues suggests a dissimilar mode of action or a complex interaction
with native growth substances.

6N-Benzyladenine (BA) is effective in delaying
protein and chlorophyll degradation in detached
leaves of various species ( 11) and in prolonging the
storage life of some green vegetables (4,5). It
has been suggested that these phenomena are a par-
tial consequence of reduction of respiration (4,5)
via inhibition of respiratory kinases (14). We ob-
served that growth retarding compounds N,N-di-
methylaminostuccinamic acid (Alar) and 2-chloro-
ethyltrimethylammonium chloride (CCC) are also
active in preservation of chlorophyll in leaves of
bean and some other plants, and increase the lon-
gevity of some perishable vegetables, cut flowers
and mushrooms (8). Relationships between sen-
escence inhibition and respiration behavior of var-
ious plant species treated with these diverse chemi-
cals-are the suibject of this report.

1 Journal Article No. 3743 from the Michigan Agri-
cultural Experiment Station.

2 On leave from the Department of Horticulture, The
Hebrew University, Rehovot, Israel.

Material and Methods

Greenhouse grown lettuce (Lactutca sativa, L. cv.
Grand Rapids) and field grown broccoli (Brassica
oleraceae var. Italica cv. Spartan Early), were
uitilized and treated within 2 to 4 hours after harvest.
Heads were selected for tuniformity and dipped mo-
mentarily or for 10 minutes into the chemical solu-
tions. Freshly harvested mushrooms (Agaricus
canmpestris) were shipped by air from Kennett
Squlare, Pennsylvania and treated 5 to 6 hours after
harvest. They were soaked for 10 minutes in the
experimental solutions. All soluitions including the
water control contained 0.01 % Tween-20 (Atlas
Chemical Industry, Wilmington, Delaware).

After treatment, plant materials were held at
room temperature tuntil the surface moistuire evap-
orated, transferred to 8-liter vessels, and placed in
respirometer chambers heldl at constant tempera-
tures. Each replicate contained 2 to 3 heads of
lettuce (with a combined weight of 250 to 350 g),
4 to 5 heads of broccoli (ca. 150 g) and 10 mutsh-
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rooms (100-150 g). Three to 4 replicates were
employed at each temperatture, and each experiment
was repeated.

Respiration rates were measured by 09 depletion
and CO2 enrichment of air flowing (300 cc/min)
over the tissue. The 02 and CO2 content of the
infltient and effluent gasses were monitored 2 or 3
times daily by Beckman Model G and Beckman
Model 115 analyzers, respectively. Cumtulative res-
piration data were obtained for the intervals speci-
fied by approximate integration.

Quality was appraised subjectively when experi-
ments were terminated by 2 to 3 judges using 6
arbitrary grades ranging from 0 to 5, where 0 was
excellent (equivalent to freshly harvested), 1 =
good, 2 = fair, 3 = poor, 4 = unacceptable, and 5
= badly deteriorated.

Discoloration of mushrooms was estimated by
reflectance at 425 mu, of the outer surface of a
disc cut from the center part of the cap. Concen-
trations for each chemical optimal for the delav of

senescence were ascertained by earlier experiments
(8).

Results

The comparative respiratory rates of lettuce at
3 storage temperatures and at various intervals after
treatment with BA, Alar and CCC are presented in
figure 1. The mean quality grades of the letttuce
are summarized in table I.

The data in table I indicate that BA had no
effect on longevity at 10° and 150 but significantly
enhanced the deterioration of the leaves at 200. BA
treated leaves respired significantly higher than con-
trol leaves at all temperatures (fig lA). There was
a constant decrease in CO2 evolution beginning with
the first day after harvest in the control followed
by leveling off, while in BA-treated leaves there was
a prominent peak, followed by a decrease. The
time at which the maximum stimulatory effect of
BA on respiration occurred was temperature depen-
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FIG. 1. Respiration rates of Grand Rapids leaf lettuce as influenced by post harvest momentary dip in 8.8 X
10-S M BA (lA) or 7.2 X 1O- M Alar (IB) at 3 temperatures. The respiratory response to CCC at 6.2 X 10- M

was very similar to that of Alar.
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Table I. Influence of BA, Alar and CCC on Quality
of Grand Rapids Leaf Lettuce

Lettuce heads were momentarily dipped in the various
chemical solutions, and held at various storage tempera-
tures. Quality grade (O = excellent, 5 = deteriorated)
was judged 8 days after treatment.

Treatment Quality grade
100 150 200

Water 3.1 a* 3.9 a 4.1 b
BA 8.8 X 10-5 M 2.9 a 3.6 a 4.7 a
Alar 7.2 X 10-4 M 0.8 b 2.2 b 2.6 c
CCC 6.2 X 10-4 M 1.0 b 2.1 b 2.3 c

* Within each column, values followed bv different
letters are significantly different (odds 99:1).

dent; being the first day after treatment at 200 and
shifting to the foulrth day at 100. Alar and CCC
improved the quality grade of lettuice at all temper-
atures tested (table I). Alar and CCC sim larly
depressed respiration at 200 and 150 but had no
effect at 100 (fig 1B). Since the restults with Alar
and CCC were very similar, only the Alar data is
presented. Neither chemical nor temperatture had a
significant effect on the respiratory quotients (RQ),
which ranged from 0.90 to 0.92.

The restults of an earlier report (5) of the ef-
fectiveness of BA in delaying senescence and de-
creasing the respiratory rate of broccoli was con-
firmed. Alar had no effect on respiration or chloro-
phyll degradation in broccoli, while CCC increased
respiration dturing the first 48 hours after harvest
buit did affect chlorophyll degradation.

Alar has been fotund effective in increasing the
longevity and delaying the discoloration of muish-
rooms over a wide range of concentrations (8). In
the present experiments, gibberellic acid (GA), so-
ditim bisulfite (9), BA, Alar and CCC at equal
molar concentration, were applied to mushrooms
subsequently held at 10° and 200. There was little
or no effect on discoloration with BA, CCIC or GA
(table II). Bisulfite was slightly effective at 200

Table II. Effect of Chemical Treatment on Cumulative
Respiration and Discoloration of Mushrooms

Mushrooms were soaked for 10 minutes in water or in
5 X 10-4 M aqueous solution of the chemicals and held at
100 and 200. Discoloration was measured as percent re-
flectance at 425 mAu wavelength, 4 davs after treatment.

CO. evolution % Reflectance
TreAtment (liter/kg/30 hr) at 425 m,u

100 200 100 200

Water 4.39 b* 12.98 bc 29 b 22 c
BA 5.29 a 13.47 a 23 b 22 c
Alar 4.48 b 10.80 c 58 a 43 a
CCC 4.35 b 12.09 d 29 b 24 c
GA 4.95 ab 12.28 bd 30 b 23 c
NaHSO3 4.56 b 11.97 d 31 b 31 b

* Within each column, values followed by different
letters are significantly different (odds 99:1).

and ineffective at 100. Alar, however, markedly
delayed senescence and browning at both tempera-
ttures. The respiratory rate of Alar treated mush-
rooms was reduced at 200 butt not at 100 (fig 2).
BA promoted CO, evoltutioni at both temperatures.
CCC and NaHSO3 slightly reduced the respiratory
rate but only at the higher temperatulre. No chemi-
cal treatment affected the RQ which ranged from
0.87 to 0.89.

Discussion

Inhibition of senescence by BA is often accom-
panied by a reduction in respiration. It has been
suggested that the increased longevity may be a
consequence of the decrease in rep;ration (4, 5)
via inhibition of glycolytic kinases (14). The pres-
ent experiments suggest far greater complexities.
While the reduction in respiration and a delay in-
senescence of BA-treated broccoli (5) was con-
firmed, an increase in respiration and hastening of
senescence was observed for leaf lettuce and mush-
rooms. BA stimtulation of respiration in leaf letttuce
occurred early dturing the holding period and then
eqtualled or dropped below that of the nontreated
leaves. This response is opposite to that observed
for tissues in which senescence is delayed (4, 5).
The results of experiments reported herein with the
growth retardants, Alar and CCC, demonstrate that
chemical inhibition of senescene is not always ac-
companied by a concomitant reduction in respiration.

The effect of the growth retardants on respira-
tion appears specific and is probably indirect. Re-
sponse is dependent on the chemical, plant organ,
species and external conditions of temperature. In
view of these resuilts, 6N-benz ladenine cannot be
considered as a uiniversal senescence inhibitor.

Alar and CCC were also effective in delaying
the senescence of some green leaves and cut flow-
ers, and Alar retarded discoloration of mushrooms
(8). CCC, while effective for lettuce and bean
leaves and some flower cultivars, was not for broc-
coli, mushrooms and certain other flower cultivars.
Alar was highlv effective for lettuce and bean leaves,
mushrooms, and some flowers, had little effect on
broccoli and asparagus, and no effect on other
flower cultivars. Variations in effectiveness of the
chemicals were also detected in the preservation of
cut flowers and mushrooms according to the time
of year the crop was grown. Similar results for
mushrooms treated with other chemicals have been
reported (9). In a few cases where kinins had little
or no effect on senescence, auxins (12), gibberellins
(3) or a combination of auxin and phytokinins
(2, 6) were effective.

Evidence has been presented that the delay in
senescence induced by kinins and auxins is related
to protein and nucleic acid metabolism. Perhaps
an endogenous balance of auxins, kinins and gibber-
ellins is important in regtulating nucleic acid and
protein metabolism. This labile balance may be al-
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FIG. 2. Respiration rates of mushrooms held at 200 and 100, as affected by 10 minutes soak in various chemicals
at 5 X 10-4 M.

tered after the organ is detached. Endogenous
levels of growth regulators differ in various species
and cultivars and in organs of the same plant. This
balance may vary with organ development and en-
vironmental conditions during growth. Such changes
may account for selectivity and variability in re-
sponse of various plants to treatment with chemical
stimuli. Growth retardants may reduce the level
of both native gibberellins (1) and auxins (10),
either by decreasing synthesis (13), increasing de-
struction (7), or both.
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