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Abstract. N-pyrrolidino

stecmamic acid (Uni-FS529) waus considerably superior {0 succinic acid 2,2 dimethyl

hydraszide (daminozide, SADH) in inhihiting stem elongation in Phaseolus vulgaris L. ‘Black Valentine’ and
Chrysanthentum morifolivm Ramat. ‘Bright Golden Anne’. This wits true in winter or summer grccnhouscs.

Under controlled temperature and light conditions tissue concentrations of duminozide were higher than those {or
Uni-1'329. Ncither daminozide nor Uni-F329 was metabolized significantly in beans during the 3 to 7 day test

periods. The greater activity of the pyrrolidino analog relative to daminozide must reflect increased activity at the

site of action and/or reduced storage of Uni-F529 at inactive sites in plants.

Growth retardants have proven value for restricting excessive stem
¢longation without causing major phytotoxic side effects, Duminozide
appears to offer great pmmisc for growth control in many species. but
it has a limited species range and. even where effective, it must he
applied at relatively high concentrations and frequent intervals. For
this reason there is a need for more active analogs. Five factors may
account for differences in activity of foliar-applicd compounds in the
test plant; | ) absorption hy the plant. 2) transport and distribution to
sites of activity, 3) metabolic stability, 4) storage at inactive sites and
Sy intrinsic biological activity. Several structure/activity studics have
been made with other growth retardants but nonce has attempted to
test all § components of activity, Rational development of improved
growth retardants is dependent upon understanding” which of the
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factors contributes to (or detracts from) the activity ol promising
compounds. Since Uni-F529 was reported 1o be more active than
daminozide on several species (1.2. 8) il was selected for comparison
with SADH for studies on absorption. transport. and metabolic
stability. Cathey (I) suggested that Uni-F529 was more active than
daminozide under summer time greenhouse conditions only: hence.
tests were made for activity relative to climatic conditions.

Materials and Methods

‘Black Valentine’ bean seedlings, ¢a 7 days old with the primary
leaves half expanded and the first trifoliolate feaf beginning to unfold
from the plumule, were used for all experiments. Scedlings were
placed in aerated. half-strcngih Hoagland’s in |-liter containers or in
grccnhousc pots in vermiculite watered with half-strength Hoagland’s.
Temperature was maintained day and nightat 21 + [°C: relative
humidity 60 4 10%. The daily photoperiod was 16 hours of 1300 to
2500 ft.c. light atplant top level provided hy @ mixture of “Cool
White™ flourescent tubes and incandescent lamps.

Rooted cuttings of ‘Bright Golden Anne’ chrysum'hcmum were
grown under long day greenhouse conditions {8 hours natural light
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daily (ca 26°C) plus 4 hours of 10 {{.¢. incandescent illumination
from 100 par o 2:00 wm. provided under black cloth from 4:30
p.m. ta 830 g.m {ca 19°C): when the plunts had 3 fully expanded
feaves they were treated with the retardunis, Technical grade.
crystlline retardants at least 93% pure were obtained from UniRoy-
al, Inc.. Naugatuck, ON. Solutions contained 0. 1% polyoxvethylene
nomy | phenol surfactant,

When transport wits studied the growth retardants were applied to
the prinutry leaves by micrasy ringe in § 0 10 droplets distributed
above the S magor veins. Plants were spraved with § x 10 Yor §~
1) ' M solutions of cach retardant for some comparative activity.
ahsorption and melabobism studies,

There were 6 to 10 plaats per treatiment, random jzed on benches,
Stem dength. the distance between the cotyledonary nods and the
plumule in hean, or hetween @ marked feaf and the terminat bud in
chrysanthemum,  was measured initially and at the end of the
experiment. Stem ¢longation (AL). the dilference between the final
and initial meusurements wis the sole measure of retardation
recorded. Pereent inhibition of clongation (Inh) was caleulated for
cach treatment as; 1 nh 100 (AL control Al treatment/AL
cantrol) 100. Additionally, the activity of Uni-FS29 relative to
daminozide was computed by dividing the value of percent inhihition
for SADH by that for Uni-F329,

Chentical analvsis ol plunt tissues. Prior Lo analvsis the plant tissues
were rinised in running (ap water: the tissues from 2 plants were pooled
and frozen, or analyzed immiediately after collection, Plant parts were
ground to i puree in distilled water and washed into a one [ reaction
lask. The procedures for anaivsis of duminozide were essentially the
same 48 those deseribed by Lane @) and Sachs and Mock (91 and
extended to N-py rrolidino succinamic acid N-pyrroliding succinamic
acid yields N-anino pyrrole and daminozide yields 10 1 dimethythy-
druzine upon alkuline hydrolysis, hut colorimetric detection of both
compounds wis readily achieved with o 0, 1% trisodium  pen-
tocyanomino ferroate (TPEF) reagent. The absorption maximum  “for
the [F dimethylhydrazine-TPE complex is at 490 nm and that for the
N-amino pyrrole-TPE complexis @t 500 nm. In determining standard
curves (o minimize hackground interference from plant tissues the
optical density (QD) difference used for Uni-F529 was ODyae ODggo
and that for daminozidé was ODyge Of),,,,.. Bean and chrysanthemum
shoot Lissue gave bickground vilues cquivalent to 0.05 micromolcs
per 7.5 g tissue. All data was corrected for background. The minimum
tissue concentration of retardant detectable was approximately 0.01
micromoles per g fresh wi, Tests with daminozide added to beun tissue
indicated that 94 1 6% recovery could be expected with concentra-
tions between 0,02 and 2 micromoles per g tissue. At least 2
determinations of tissue concentration were made for euach treatment.

Concentration of retardant in the tissue (TC) was expressed is
micromolcs per g fresh tssue. Inh/TC wias computed to give ¢
measure of specilic activity for cach retardant that was independent of
both dosage applicd and amount  absorbed.

Duaminozide, MC-labeled at the 2 and 3 C atoms of the succinate
moiety. 0. | mc¢/milimole, and *H-Uni-F529. randomly labeled by i
catalytic ¢xchange procedure by New England Nuclear Corp. were
used {or compurative transport and metabolism studies. Both com-
pounds were purified hy  paper and thin layer chromatographic
procedures descrincd  helow, Isotope counting was done with
liquid scintillation counter. Quench correction was determined by i
channels ratio procedure using #n external standard. Aliquots of
methanolic extracts of tissues were counted directly or partitioned on
siica gel (SG) thin layers or Whutman #1 paper. Two solvent sys-
tems were used: 1) Z-propunol (I0) concnacetic acid (0.1) water (3):
and 2) I-propanol (7) concn NHOH @3). R, values for SADH and
Uni-F529 were:

1(5G) H(SG) If (paper)
Daminozide 0.33 0.53 0.X
Uni-1-529 0.47 0.62 0.75

Statistical wnalyses were performed on all data: ¢ither the least
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significant dilferenee or Duncan’s multiple runge test at the 1% and
S9% levels were used to separate means

Results

Relative growth retarding activite. Daminozide and Uni-F529 at
§ % 10t M were spraved o n Black Valeatine” bean in 7 experi-
ments performed from December through  August in the green-
houses al Frederick. Uni-F529 was always superior to SADH in
growth retarding activity (Fig. 1. hut their relitive activity viried
considerably and with no apparent relationship 1o the greenhouse
cnvironment. Relatve activity of the 2 chemicals differed in 2 ex-
pcrimcnls run in August. overlapping hy all hut | day. Thus. Limc
of year did not appear 1o influcnice the activity of orie compound
relative to the other. We could not. huwever. account (or the highly
variable results,

Similar  patterns were  obtained in 7-day experiments with ‘Bright
Golden Anne” chrysanthemumiin the greenhouses at Davis (Fig. 2).
Experiments were run in long day (1.D) and short day (sp)
environmients. Uni-1'529 wis always superior 1o daminorzide but, as
with bean, relative activity was variable. Again, there wis no apparent
relationship to cither tme of year or 10 daylenpth. Light intensity and
average daytime temperatures were considerably lower in November.,
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Fig. |. Growth retarding activity of Uni-FS29 relative to daminoside
(SADI ) in “Black Vaienting bean gt Frederick, MD. Plants were sprayed
with § x 10 ! M solutions of cach retardant. Average greenhouse
temperatures for the 7-day experimental period for each experiment gre
connected hy aline. The asterisks above the bars for relative activity indicate
that the differences between inhibition induced by Uni-F529 and SADH
were significant atthe 1% (**) or 5‘*/,("‘) lcvcl.Twocxpcrimcnlx were run in
August, overlapping by all hut | day
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Fig. 2. Growth retarding activity of Uni-F'S29 relative to SADH in ‘Bright
Golden Anne’ chrysanthemum in long day (LD) and short day (SD) condi-
tions in greenhouses gt Davis. CA. Plants were sprayed with 25 x 10 2 M
solutions of cach retardant. Asterisks above hars indicate Statistical signiﬁ-
cance asin Fig. |
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Lanuaey, wud Februany
September.

ndogenous fevelv, Uni-F329 and daminozide levels were deter-
mined 1 the termunal 4 cm of shoot tssue of the chrysanthemum
plants used to estimate relative growth retarding activity (Tuble 1)
Inh/TC values for Uni-1°329 were generally higher than those for
daminovzide but values for hoth were variable. Whole plant analyses
for chrysanthemum (not geportedy revealed that (wice as much
duaminozide as Uni-17329 was absorbed but the concentrations in the
teeminal 4 e of the shoots, the presumptive sites of action, were
rarehy significantly different. A fow experments with “Black Valen-
tine” bean were performed in artificially lighted, controtled tempera-
ture (22°C) chambers to reduce as far as possible enviconmental
variblity as i contribuung factor in absorplion or response 10
retardants. A relationship occurred between the conen applied to
primary leaves and endogenous fevels in the tissues of the whole plant
(Table 2), however, there was no apparent relationship between the
amount of retaedant applied and the degree of mnhibition. The ratio.
Inh/TC, which was computed 1o give some measure of intrinsic
activity of the 2 compounds. dropped significantly when dosage was
ereased (Table 2y sugpesting that much of the retardant absorbed by
the leaves moved to sites that were nactive and had no effect on
growth retardation. For the same dosage applicd, about twice the

trtls than those e duly, Augus(, and

Fable L Growth retreding sty ¢iahi of Uni-F329 and daminoszide at difTerent times
of the vear in refation to tissue conen (FCaricromales per g tissuc) in the terminal 4 em
of “Bright Golden Aanc” chnvsanthemum shoot tisspes, Planes grown in tong das (1.D)
or abort day (SD) canditions were apraved with 1.8 10 * M solutions of cach
retirdant conbinning 0.1 pohvasyethviene nonvt pheaol surfactant®,

conen of daninoside as of Uai-F529 was found intissue an d (his was
the major reason that Inh/TC was greater for Umi-FS29 than for
daminozide. Also, o comparison wits made between foliar-applicd and
plumular-applicd retardunts (Yable 3 One micromole of cuch
retardant was applicd + o the plumular bud o r primary leal’ the
terminal 4 em of shoot tissye only wits analvzed for retardant content
3 days after appheation, Plumular applications were much more
effective than foliar for growth retardation. 1 lere toa, duminoszide was
absarbed more readily than Uni-F529. For plumular applications, the
greater TC for SADE T accounted for the relatively fow computed
value of fnh/TC.

The great dependency of Tah/TC on site of application suggests
that much of the retardant found even i n terminal meristematic tissues
wits not essential for growth retardution. Also. inhean, 75 to 80% Inh
may have heen the maximum attainable w i t h cither daminozide o r
Uni-1529.

Transport and distribution of Uni-F529. With application of
HC-daminozide and *H-Uni-F329 relatively more of the radioactivity
from “C-daminozide than from *H-Uni-F329 was found in the
plumule above the treated leaf (Fig. 3) after 3 days but by 7 days the
differences were reduced and not significant. Both compounds were
transtocated to the root system and then out into the soil medium. In
time, a significant loss of growth retardant from bean plants would
occur through the root system. Chromutographic analvses of extricts

Table 3. Activity of [aliar und plumular applications of daminozide nd
Uni-F529 in “Black Valentine bean in relition to tissue conen of retirdints
in ternunal shoot tssues,

Time of treat- L S0

meat: Conponnd Cim s B et
apphied [N 1( fah. I'C tnh TC fnh/TC

July

Pamimoside 23t D068y 6N RN 00589, 527

Uni-t 529 4240 004 903 RARAY 0.0494 712
August

Daminoside R §.035, 631 I56a 0.079. 44K

Uni-#329 130 0624 77 46.2b 0.091a 509
Septewber

Daminavzide 04 00494 6ty 12.9a 0.049:¢ 268

Uni-1329 4320 005Ky 754 3.4h 0 0.012b 3252
October

Daminazide Mua 0067 73 da 0.024a 1346

(ni-4329 AN dh LO8Ss 417 210 0.036a [RERI
November

Baminazide PRI ST R B B 5 220 o6 0.156a 176G

tini- 1329 J15h (L0990 419 .oh 01854 250
Januany

frenminoside — [ERTENT — 46.9:x 0.104: 289

Uni-1529 — (.03 - 67.9b  0.041h 966
Febraary

Daminazide Tl 0.059: ss 0.2 0.083a K8S

Uni-£329 2320 006K 69 K6 00714 959

* trhibition of prowth retardant determinitions were made 7 days after application.
¥ Pairs of mcans for cach tretment date Tollowed by different letters were significantly
different at the 37 level

Table 20 Activity and tissue conen of daminoside and Uni-F529 in “Black
Viadentine” beun in rebition to dosage applied?.

Compound: Dosage IahY TC Inh/TC
Daminazide
S micromoles RE IhH 0.044b 785
10 micromaoles 36.24 0.149a 243
Uni-FS29
2.5 micromoles 36.3a 0.011d 3310
5.0 micromaoles 41.3b 0.023¢ 1790
10.0 micromoles 40.3b 0.058b 695

* Mcasurements and analyses made 4 days after application of retardunts to
upper surface of both primary leaves. Analyses were for the entire plant. TC is
tissue concn in micromales per g lissue.

¥ Mcans in columns followed by different letters was significantly dilferent at
the 5% fevel. :
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Site of application.

. {nh¥ e Inh/TC
compound
Primar vleaves®
Daminozide 10.6a* 0021 s0s
Uni-F529 43.2b 0.012h 3600
Pluntule?
Daminozide 76, 1a 457 16.7
Uni-FS29 82.1a 1994 41.2

10 micromole of cuch retardant applied 1o upper surface of hoth primars
leaves. Plumule plus 4 cm of subtending shoot tissue were analyrzed for
retardunt conen 3 days ufter application. TC iy tissue CORCA in micromoles per
£ tissue.

¥ | micromole of cach retardant applied to plumulc. Shoot {issue analyzed as
ahove.

* Pairs of means. for each site of upplication, followed by different letters. were
significantly different at5'3 level.
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Fig. 3. Distribution of rudiouctivity tn '“C-daminozide (SADH) *H-Uni-
F529 treated ‘Black Valentine' bean plants 3 and 7 days after application
For each compound, ¢:10-®dpm. were applied to the first trifoliolate leyl
of 6 plants. Plants were anuly’[gd Individually; average values are shown.
Statistically significant differences between SADH and Uni-F529 were
found only in the 3 day analyses for the plumulc and {realed feaf.
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Fig. 4. Chromatographic fructionation of methanobic extracts of “Bright
Golden Anne’ chrysanthemum shoot tissue from plants treated 3 days
carlicr with 1 x 10 * M daminozide (SADH). Extracts were applied to SG
thin layers and developed by ascending techniques in 2-propanotl (16)/conen
acetic acid (0.1)/water (3). Data are average values lor 6 plants,

dpm dpm
Uni F-529

7 doys

Uni F-529
3 days

Rf

Fig. 5. Chromatographic fractionation of methanolic extracts of chrysan-
themum shoot tissues from  plunts treated with Uni-F529. Extracts were
applied to Whatman #{ paper and developed by descending chromatography
in 1-propanol (7) NH,OH (). Data ar¢ average values for 6 plants.

of bean and chrysanthemum plants treated with “*C-duminovzide
revealed no alteration of the compound up 107 days after treatment
(Fig. 4). Chromatographic analyses of Uni-F329-treated clirysan-
themum plants suggest that ufter 7 days most of this compound
rcmuincd unmetabolized (Fig. 5). Very little daminozide and
Uni-F529, fess than ()0 micromoles per g. remained bound to tissues
after cither methanolic or  aqueous extruction of chrysanthemum
plants sprayed with 10 ¢ M solutions.

Discussion

The enhanced activity of the pyrrolidino analog. Uni-F529, com-
pared to  daminozide was not dependent upon time of year, an
hypothesis proposcd clsewhere (I. 2). nor due to any advantage in
uhsurplion hy tissues. Distribution of Uni-F529 in bean and chrysan-
themum, particularly in the shoot apical tissues, the presumplive sites
of action, was approximately the same 88 that for daminozide.
Daminozide pmvcd to be & stable compound in bean and chrysan-
themum, i$ has hcen shown in many Spccics (5, 6, T), and this was (ruc
for Uni-F'529_ too. Thus, we concluded that diffcrences in growth
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retarding activity reflected greater activity of Uni-1-829 than of
daminuside in shoot apical and subapical meristeniaug tissues or ess
storage at mactive siles.

Storage of both compounds at inuctive sites in- chrysanthemum and
bean meristematic tissues Wiy suggested by deercasing values for
inhibition per unit tissue conen (Inh/TC) of retardant with increused
rates of application. That s . some of the compound found i n
meristemalic tssues was probably not active in causing inhibition,
Sachs and Mock (Y) found this to he true also for Ywoody species.
Inh/TC wiy wlwavs greater for Uni-FF329 than for daminozide. byt
the values were not constant for cither compound. Viriiuhle fesponse
of the treited plant to the retardunt and/or vanable storage of the
compound at inaclive sites owing 0 changes in meristematic tissues
would account for chingesin Inh/TC. We have noted, invariably,
that the ratio Inh/TC increased with time afler application as if the
retardant at inacuve sites were Jost more rapidly than that at the
active sites for inhibition.

Modilication of Uni-F329 to enhiance its absorption through the
upper Jeal surface o v terminal bud 1 o u level cqual t o that of
daminozide would. perhaps. enhance 2- to 3-fold its activity in spray
application, Sargent, Powell, and Blackman (10) huve shown  that
increased chlorination of phenoxyacctic acids feads 10 an increase in
the rite of absorption by hean leaves. Although there are certuin
exceptions | o this ruleitnd notable vasiations i n
chlorinated compounds in light and darkness, their approach may he
appropriate for Uni-1F529.

I n  *Black Valentinehean plumular-applied daminozide a n d
Uni-I'$29 was much more active, perhaps 20- to 30-fold, than
foliar-applicd chemicals, Thus, these compounds are transporied in
refatively small quantitics from the Jeaves (o the shoot apical and
subapical meristems via the phioem, whereas absorption hy the young
leaves and meristematic surfaces supplied much larger quantitics for
the meristematic lssues. This was shown, alyo, in Dicks™ studies with
chrysanthemum (3) and implicit in the resuts of Suchs und Mock (9).
There appeitred to he very efficient inhinition of stem clongation hy
the small amounts translocated from the feaves: thatis. the values of
Inh/TC were higher for foliar than for plumuliar applications when
only the TC for the terminal 4 cm ol shoot Lissues was used in the
computation.
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