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Abstract, XE-1019 [(E)-1-(4-chlorophenyl)-4,4,-dimethyl-2-(1,2,4-triazol-
I'Yl)-l—penten-3-ol] was injected into bean plants (Phaseolus vulgaris L.
‘Black Valentine’) at doses of 0.1-1000 pg/plant and caused reduced
height growth, fresh weight, and leaf area 7 days after treatment. The
Sprout growth of California privet (Ligustrium ovalifolium Hassk.) was in-
!llbited 52% by 10 pg and growth was further suppressed as the. dose was
Increased to 100 wg, without injury. The shoot growth of American syca-
more (Platanus occidentalis L.) and yellow-poplar (Liriod_ezgdron tulipifera

.) was progressively inhibited after 3 months as the mject«?d dose 'of
?(E~1019 was increased from 2.5 to 240 mg/tree. Neither species was in-
Jured. Growth of 1-year-old trees of ‘Golden Delicious’ apple (Malus do-
mestica Borkh) was inhibited 28 days after injecting the stem with 2 mg of
f‘C~1abeled XE-1019. At this time, 2% of 1“C activity has been translocated
Into the new shoots and 3% was present in the xylem and phloem of the
scion. From 96 to 99% of C-activity found in the xylem and phloem and
92% in the new shoot tissue chromatographed with XE-1019. This indi-
Cates that little degradation of XE-1019 occurred during the initial inhibi-
tion period.

The control of vegetative tree growth without causing injury is a major
Problem for utility company foresters and fruit growers (Williams 1984, Sachs
3. 1986). Treatment with growth retardants by injection into the tree trunk is
& te.ch“iQUe used to prevent chemical contact with nontarget plants and reduce
Wironmental residues. This approach has had limited success in a variety of
(Boody species, necessitating a search for more effective growth regulators
[(ErOwn et al. 1977, Miller 1982, Sterrett 1985, Sterrett et al. 1983). XE-1019
)1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl)-1-penten-3-0l] is a
W plant growth regulator that inhibits gibberellin biosynthesis as do ancy-
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midol [a-cyclopropyl-a-(4-methoxyphenyl)-S-pyrimidine-methanol], paclob?
trazol [(2RS,3RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol- 1-yl)penta¥
3-oll, and flurprimidol {o:-(l-rnethylethj,'l)—oz-(d,-trifluorornethoxy}phen:,fl)-5'l’5{'f
rimidinemethanol]. The reduced gibberellin level results in suppression ?
shoot internodal growth (Coolbaugh and Hamilton 1976, Dalziel and Lawrent®
1984, Izumi et al. 1985, Sterrett and Tworkoski 1987). It is suggested th?
XE-1019 be applied to the roots, stem, or foliage (Chevron 1984). This study
was designed to determine whether stem-injected XE-1019 would inhibit
growth of bean and several woody plants, and to determine the extent to whi¢
XE-1019 is translocated and metabolized in a woody species.

Materials and Methods

A randomized complete block design, replicated 5 times, was used in each of

the following experiments, which were repeated unless otherwise noted.

Growth Inhibition

Bean seeds were sown in 10-cm-diameter pots filled with a mixture of

loam:sand:peat moss:perlite (3:1:1:1 by volume) in a controlled environme?
chamber at 25 + 1°C, 60 * 10% relative humidity, and 158 pmol s—'m~2 PAR
(400-700 nm) (16-h photoperiod). Ten days after emergence, beans were _'"'
jected (Sterrett 1979) in the hypocotyl cavity with 100 pl of XE-1019 emulslf"
able concentrate (EC) in water at doses ranging from 0 to 1000 pg/plant. Ste™
height was measured immediately before treatment and 7 days later. Leaf aré®
at harvest was determined with a photoelectric leaf-area meter (Lambda W
struments Corp.).

Two-year-old California privet seedlings, with single 1-cm-diameter stem’
were grown in the greenhouse in I-liter pots filled with loam:sand:peat mosf
(1:1:1 by volume). Stems were injected (Sterrett 1979) with 10-10,000 g oi'
XE-1019 EC in 0.5 ml methanol 3 cm above the soil line. Immediately
lowing injection, part of the main shoot was excised, leaving a 10-cm stump:
The number and length of new stump sprouts were determined at intervd
over a 3-month period after injection. A previous study (Sterrett 1979) Wit
azosulfamide dye indicated that injected solutions were forced throughout !
entire stump both above and below the injection site. .

The trunks of 7-year-old yellow-poplar and 5-year-old American sycamor’
field saplings (Frederick, MD) were injected in late May with 6 and 4 ml 16
spectively, of XE-1019 in 60% methanol. The dose ranged from 2.5 to 240 1
tree. Growth data were taken in August from 2-year-old wood on 3 branch?
pruned in late April.

Translocation

Apple trees (1 year old) were grown in half-strength aerated nutrient soluti"[’l
(Hoagland and Arnon 1950) in 7.3-liter containers and maintained in a ¢®®
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tr?lled environment at 25 + 1°C, 65 = 10% relative humidity, and 158 pmol
S"Im-2 pAR (400—700 nm) (16-h photoperiod). Dormant trees were transferred
ﬁ(’m cold storage to nutrient solution and injected imme:diately. vs_nth 2.0 mg qf
-XE-1019 (phenyl-ring labeled) (0.32 pCiftree, specific activity 74.6 mCi/
mol) in 0.5 m] of methanol. The stem was injected 5 cm above the root/stem
ransition zone and the top pruned to 80 cm above the injection site. All buds
on the scion were removed except those located in the top 20-cm section. One
8roup of 4 trees was harvested and assayed immediately after injection. At 28
ays after injection, when growth inhibition of the shoots was ob\{lous, a
Secong group of 4 trees was harvested and assayed. Harvesting consisted of
*Parating each tree into 2 parts: (1) 25-cm-long rootstock containing the roots
ond the injection site, and (2) 60-cm-long scion containing buds or new shoot
8fowth located in the top 20 cm. The wood (xylem), bark (phloem), buds, and
shoots were separated and assayed individually for activity. No buds or
90ts were obtained from the rootstock. Fibrous and tap roots were assayed
Eether. Harvested plant parts were immediately freeze drled, ground to 0.5
gnm N2 Wiley mill, and oxidized (Peterson 1969). Ground tissue samplesl from
e 'rees were retained for extraction and chromatography. The amount of 1“CO,
Volved wag quantitated by liquid scintillation spectrometry using Reich solu-
lon. In the repeat experiment, 500 pl of C-flurprimidol in methanol (2.5 mg;
> kCi/tree) was also injected into apple and assayed after 28 days.

to

Me’abolism

Samples of the dried, ground xylem (1.0 g) and phloem (1.5 g) from the
*Otstock and complete shoots (2.5 g) from the scion of l-y?ar-old apple trees
W days after injection with 4C-XE-1019 were extracted with 80% methanol.

ater was added and the extract was evaporated to an aqueous .SO]LIUOD (pH
of followed by partitioning with methylene chloride. Also, fortified extracts

X¥lem, phioem, and shoots obtained from untreated plants were chromato-
ggaphed. Extracts were then applied to TLC plates (Redi-Plate Silica Gel GF,

O.NM; Fisher Scientific Co.) and the chromatograms were developed for 15
™ in chloroform:ethyl acetate:acetic acid (3:6:1 by volume). Developed chro-

Alograms were quantified by an imaging scanner (Bioscan Inc.). The results

chromatography of extracts from 3 trees were pooled for data analyses.

.

R
®Sults and Discussion
Growfh Inhibition

iosttreatment height growth and final fresh weight and trifoliolat‘e leaf area of
®an Plants were reduced as the dose of XE-1019 increas_ed'(Flg. 1). Higher
i:Ses of XE-1019 (10~1000 p.g/plant) caused epinasty of trifoliolate leaves and
Creaseq chlorophyll pigmentation in the leaf. Beans treated with 0.1 or 1 ug
~1019 per plant appeared normal except that g}'QWth was inhibited. .

¢ lowest dose of XE-1019 (10 pg/plant) inhibited sprout growth of Cali-
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Fig. 1. Response of 10-day-old bean plants to stem injection of dilutions of XE-1019 of 100 ¥
water 7 days after injection as derived from regression analysis. Vertical lines indicate S18%
error of the mean. Asterisk indicates significant linear regression coefficient, 5% level.

fornia privet 52% and growth was further suppressed as dose was increas"'i
(Fig. 2). Foliage of treated privet seedlings was smaller and darker grecn ¢ i
that of untreated seedlings. These effects were also observed when Califo ¢
privet was injected with paclobutrazol or flurprimidol (Sterrett 1985, Stes™
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a » 3 -
oy IWOlfkoski 1987). There was no apparent injury to California privet from
XE.19 ) pp

9 and, unlike bean, no leaf epinasty was evident. .

Creg, 00t growth of American sycamore decreased as the dose of XE-1019 in-
3) yed and all doses injected into yellow-poplar inhibited shoot growth (Fig.
§ ‘Ortelther species displayed symptoms of injury or malformation other than
hibit €ned shoots and smaller, darker green leaves. Shoot growth was not in-

¢d during the second growing season after treatment 12 mon_ths later (data
Dl‘ovsi do“'ln)'- Apparently, either the dose of XE-1019 was not high enough to
Simjj € inhibition beyond one growing season or XE-1019 had degraded. A
ang ¥ lack of carryover activity was observed by Sterrett (1985) and Sterrett
Midg orkoski (1987) on woody saplings treated with paclobutrazol or flurpri-
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Fig. 4. Location of “C activity in young ‘Golden Delicious’ apple trees immediately and 28 dor’
after injection with 2 mg of “C-XE-1019. Vertical lines indicate standard error of the mean.

Translocation and Metabolism

A high concentration of *C activity was found in the rootstock within 20 c{ﬂ
of the injection site immediately after injection (Fig. 4). The radioactivity g
this region represented about 99% of that recovered. Most of the #C-XE-1 ! g
was recovered from the rootstock xylem. The significant increase of “‘Q 2
tivity in the rootstock after 28 days cannot be explained entirely on the bas!’ 06
translocation because at the time of injection it was impossible to prevent som
14C-XE-1019 solution from contacting the outer bark adjacent to the injecnoe
site. This makes it difficult to separate quantitatively the C activity iﬂ'th
phloem tissue from other bark tissue (Fig. 4). After 28 days, when obv1?
growth inhibition of the injected trees had occurred, only about 2% of the B
activity was detected in the new shoots and 3% in the xylem and phloem © 5
scion. Standard error of the mean analyses indicated that there was no Sgg‘“he
cant movement of “C into the roots. The slight increase in 4C activity 1P tdi-
roots of trees harvested 28 days after injection versus trees harvested imm® 19
ately after injection should not be interpreted as basipetal transport of XE-
because, in addition to the lack of significant movement (overlapping stan a d
error lines), there was some variation in tree size. Although the trees apIJearc
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fro, S. Pistribulion of MC in extracts of xylem and phloem frorp rootstock and new sl.xoot tissue
S¢lon of apple trees 28 days after injection of XE-1019 (ring labeled). Methanolic extracts

We, . . .
volzeml};m“layef chromatographed for 15 c¢m in chloroform:ethyl acetate:acetic acid (3:6:1 by
€),

S":".ar at treatment time, the rootstock dry weight of the trees harvested im-
diately after injection was slightly higher (by chance) than that of the trees
andvgmed after 28 days, thus lowering the dpms/mg. Similarly, paclobutrazol
Tw urprimidol were not translocated basipetally (Sterrett 1985, Sterrett and
preorkOSki 1987). The “C activity found in the roots was forced there by the
Ss",re injector. The overall recovery of ¥C was 88%.
acty, 180 percentage of 14C activity detected was XE-1019; 92% of the !C
Ma, 1ty in new shoot tissue, 96% in the phloem, and 99% in the xylem chro-
0.230graphed with XE-1019 (Fig. 5). One apparent metabolite of XE-1019 (R,
tra ~0.28) was evident in all tissues. These results indicate that XE-1019 was
WSlocated into the xylem and phloem of the scion and into the new shoots.
€se results indicate that XE-1019 is stable during the initial 28-day period
to .10t highly mobile. The translocation that did occur was acropetal similar
rglb erellin biosynthesis inhibitors paclobutrazol.and flurprimidol and was
Meg, ably apoplastic. The presence of “C-XE-1019 in the phloem of the scion
fro DS that XE-1019 either was translocated via the phloem tissue directly
Whe ¢ € rootstock or was translocated via the xylem to the upper stem from
as_nCe it was moved laterally into the phloem. Since there was no significant
'Petal movement, the latter is the most plausible explanation. XE-1019 ap-
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pears to be a more active growth retardant than flurprimidol per unit of acti’
ingredients. Based on previous research with flurprimidol (Sterrett and Twol
koski 1987), and on the comparison of both growth regulators in this study:
times as much flurprimidol (20 pg/g) was found in inhibited apple shoot tissué
as XE-1019 (5 pg/g).

XE-1019 should be an effective injectable growth inhibitor for woody plant®
It is not phytotoxic. The only visible symptoms of XE-1019 presence in wood!
plants were smaller, dark green foliage and shortened shoots. Since there W:;
no detectable basipetal movement of XE-1019, it appears to be transpor®
primarily via the xylem similar to paclobutrazol and flurprimidol. Research!
under way to determine the fate and metabolism of XE-1019 over a lo
period since little degradation of XE-1019 occurred during the initial gr"“nh
inhibition period.
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