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PHYSIOLOGICAL RESPONSES OF DECIDUOUS TREE
ROOT COLLAR DRENCHED WITH FLURPRIMIDOL
by J.P. Sterrett, T.J. Tworkoski, and P.T. Kujawski

Abstract. Root collars of 11 -yr-old pin oak (Quercus
palustris), red maple (Acer rubrum), white ash (Fraxinus
americana), and black walnut (Juglans nigra) were drenched in
June, August, or October 1985 with 2 or 4 g a.i. (W.P.) flur-
primidol {a-(1 -methylethyl)-a-[4-(trifluoromethoxy)-phenyl]-5-
pyrimidine-methanol} to determine physiological responses.
No treatment response occurred the year of treatment but
significant terminal and lateral growth inhibition, 43 to 92%,
respectively, occurred during the first growing season (1986)
following treatment. In general, less growth inhibition resulted
from October treatments. However, by the end of the second
growing season following application (1987), all treatment
combinations inhibited terminal and lateral growth. Leaf area of
pin oak and red maple only was reduced (22 to 65%) in 1986
but by 1987 leaf area was reduced 17 to 65% on all species
from all treatments. Except for white ash, leaf dry weight was
reduced (28 to 64%) by 1987. In general, flurprimidol caused
a slight decrease in photosynthetic activity and an increase in
chlorophyll concentration but transpiration rates were un-
changed. These results indicate that flurprimidol reduces
growth without significantly altering energy assimilation or
water movement in individual leaves.
Additional index words. Quercus palustris, Acer rubrum, Frax-
inus americana, Juglans nigra, growth inhibition, photosyn-
thesis

R6sum6. Le collet des racines de chenes des marais
(Quercus pa/usfr/s.Muenchh.), d'erables rouges (Acer
rubrum L ) , de frenes blancs (Fraxinus americana.L), de
noyers noirs (Juglans nigra L ) ages de 11 ans fut detrempe
en juin, en aout ou en octobre 1985 avec 2 a 4 g.a.i. (W. P.)
de flurprimidol pour determiner les reponses
physiologiques. Aucune reponse au traitement ne fut
observe© I'annee du traitement mais une inhibition de la
croissance terminale et laterale, 43 et 92% respectivement,
est survenu au cours de la premiere saison de croissance
(1986) suivant le traitement. En general, une inhibition plus
faible de la croissance a resulte des traitements realises a
I'automne. Cependant, a la fin de la deuxieme saison de
croissance suivant les applications (1987), toutes les
combinaisons de traitements avaient inhibes la croissance
terminale et laterale. En 1986, seulement les surfaces
foliaires du chene des marais et de l'e>able rouge furent
reduites (22 a 65%), mais en 1987, la surface foliaire de
toutes les especes fut r6duite de 17 a 65%. Excepte pour
le frene blanc, le poids sec des feuilles fut reduit de 28 a
64% en 1987. En general, le flurprimidol a cause une legere
diminution' de la photosynthese et une augmentation de la
concentration en chlorophylle, mais le taux de transpiration
demeura le meme. Ces resultats indiquent que le
flurprimidol reduit la croissance sans alterer
significativement I'assimilation d'energie ou le mouvement
de I'eau dans les feuilles individuelles.

Urban foresters are investigating the use of
growth inhibitors to lower the high cost of

mechanical tree trimming by reducing the need for
pruning. Flurprimidol is one of a group of gib-
berellin biosynthesis inhibitors including
paclobutrazol and uniconazole. They offer the
potential for use as tree shoot elongation in-
hibitors and they are of particular interest because
they are not phytotoxic to woody plants and may
be applied to roots, buds, or vascular systems (3,
5 , 8 , 9 , 1 1 , and 12). In other studies, flurprimidol
applied as a root collar drench in early spring in
Maryland uniformly suppressed the vegetative
growth of white ash (Fraxinus americana) and
black walnut (Juglans nigra) the second growing
season after treatment (10) and when applied as a
subsoil injection it also suppressed the growth of
red maple (Acer rubrum) seedlings in Alabama (4).

Most photosynthesis research with woody
plants using gibberellin biosynthesis inhibitors has
been conducted on fruit trees with paclobutrazol.
Steffens and Jacobs (7) reported that photosyn-
thetic rates from paclobutrazol-treated apple trees
were not changed but photosynthesis on a per
tree basis was reduced because total leaf area
was reduced and leaf stomatal resistance showed
no consistent pattern. Wieland and Wample (13)
reported similar results on apple trees. This in-
vestigation was designed to determine
physiological responses of four deciduous shade
trees treated during three different growth stages
with root collar drenches of flurprimidol.

Materials and Methods
Growth response. Eleven-year-old pin oak

(Quercus palustris), red maple, white ash, and
black walnut saplings (5 m to 8 m tall; 7 cm to 8
cm diameter) were grown on 3 m x 3 m centers in
Duffield silt loam in Frederick, MD. Root collars of
these trees were drenched in 1985 with 250 ml
of 50% wettable powder formulation of flur-
primidol (2 or 4 g a.i. per tree) during (a) rapid
growth in June, (b) reduced growth in August, or
(c) the onset of dormancy in October. The soil at
the tree base was pushed back about 2 cm with a
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trowel to expose the root collar bark. Crown
development was evaluated during 1986 and
1987 in terms of terminal leader and lateral
branch growth; leaf area, dry weight and rachis
length; and diameter breast height (dbh) of the
main stem. Terminal leader growth was determin-
ed by measuring the height of each tree before
treatment and at the end of each growing season.
Lateral growth was determined by measuring the
current years shoot growth from 4 lateral branch-
es located low in the crown radiating approximate-
ly north, east, south, and west from the trunk.
These branches were marked with flagging before
growth occurred. Leaf area, dry weight, and
rachis length of species with compound leaves
were determined near the end of the 1986 and
1987 growing seasons from the three largest
leaves nearest the shoot tip of a lateral branch (4
lateral branches = 12 leaves per tree). Leaf area
was measured with a photoelectric leaf-area
meter (Lambda Instruments). Trunk diameter
growth was determined with calipers before treat-
ment and at the end of the 1987 growing season.
Treatments were replicated 5 times using a ran-
domized complete block design. Means were
separated by Waller-Duncan K-ratio t test.

Photosynthetic response. In August 1987
when inhibition was obvious, net photosynthesis
(Pn), transpiration, and chlorophyll content were

n

determined on untreated pin oak, red maple, white
ash, and black walnut leaves and on leaves of
trees treated in June 1985 with 4 g flurprimidol
(the most uniformly effective treatment). Pn and
leaf transpiration were measured simultaneously
on four sunny days from 9:00 AM to 11:30 AM
(photosynthetically active radiation ranged from
800 to 1800 uEs~1 m~2) using a field measuring
technique (LiCor 6000 Portable Photosynthesis
System). Two fully expanded leaves located near
the shoot tips and exposed to full sunlight were
removed from the upper part of the crown and two
from the lower part of the crown on 4 trees per
species per day. Each leaf was measured im-
mediately after removal for Pn and transpiration.
These same leaves were refrigerated in the field
and analyzed in the laboratory for chlorophyll con-
tent (2). At least three replications (1
tree/replicate) were made, the values of the four
leaves per tree were averaged and standard error
of the mean determined.

Results and Discussion
The effect of 1985 flurprimidol root collar

drenches was not evident until mid-June 1986.
Terminal growth was inhibited (43 to 70%) on all
species-treatment-time combinations by the end
of 1986 except for August and October-treated
white ash (Figure 1). In 1986 lateral shoot growth

- -

—

Figure 1. Terminal shoot growth at the end of the second
and third growing seasons following root collar treatment
of 11-year-old trees with flurprimidol in June, August, and
October 1985. Within species, means are separated with
Waller-Duncan K-ratio t test, 5% level. Contrasts above
histograms display probability values of linear (L) or
quadratic (Q) effects due to flurprimidol rate and to month
of application effect (Mo).

Figure 2. Lateral growth per shoot at the end of the second
and third growing seasons following root collar treatment
of 11-year-old trees with flurprimidol in June, August, and
October 1985. Within species, means are separated with
Waller-Duncan K-ratio t test, 5% level. Contrasts above
histograms display probability values of linear (L) or
quadratic (Q) effects due to flurprimidol rate and to month
of application effect (Mo).
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of pin oak and red maple was inhibited by June
and August treatments (50 to 92%) but the June
treatment was most effective for white ash in
1986 (Figure 2). Lateral growth of black walnut in
1986 was unaffected by flurprimidol. Increasing
the level of flurprimidol from 2 to 4 g per tree did
not increase inhibition at the same rate as 0 to 2 g
per tree. This is indicated by a significant linear
and quadratic component to the regression equa-
tions. Terminal shoot growth in 1986 of October
treatments on ash and walnut was significantly
more from 4 g versus 2 g flurprimidol (Figure 1). A
possible explanation for this anomaly is that root
absorption was slowed in the presence of the high
concentration of flurprimidol (16,000 ppm versus
8,000 ppm in water) thus slowing transport to the
terminal shoot apices. However, by the end of the
1987 growing season inhibition from both rates
was not different.

By the end of the 1987 growing season ter-
minal and lateral growth of all species was
significantly inhibited by all six treatments (33 to
88%) except for terminal shoot growth of red
maple from October treatments and the 2-g rate in
June and August treatments (Figures 1 and 2).
Red maple was the first to show obvious signs of
inhibition in 1986 but was the only species to
regain normal terminal growth in 1987; although,
the 4-g rate applied in June still effectively in-
hibited terminal shoot growth of red maple in
1987. Excavations around the root collars of the
four species treated revealed that red maple had a
much higher number of nonwoody (fibrous) roots
growing from older woody roots in the vicinity of
the root collar zone than the other three species.
This may explain in part, red maples' faster inhibi-
tion response to flurprimidol. Although not signifi-
cant at the 5% level due to variability among
replications, there appeared to be some inhibition
of diameter growth (data not shown).

Leaf area in 1986 was reduced for pin oak, red
maple, and white ash (22 to 65%), but not for
black walnut. In 1987 leaf area was inhibited (17
to 65%) for all species treatment combinations
(Table 1). Leaf rachis length in 1986 was reduced
by June and August treatments on white ash (20
to 45%) resulting in a more compact leaf. Rachis
length of black walnut was not affected in 1986,
but in 1987 rachis length was signficantly reduc-

ed (P • 0.01) for both white ash and black walnut
21 to 50% (data not shown). In 1986, leaf dry
weight of red maple treated in June and August
differed from controls, but leaf dry weight in 1987
was reduced for all species (28 to 64%) with the
exception of white ash (Table 2). Increasing flur-
primidol level from 2 to 4 g per tree did not
decrease leaf area or dry weight at the same rate
as 0 to 2 g per tree since there were signficant
linear and quadratic components in the regression
equations (Tables 1 and 2).

With the exception of pin oak terminal growth,
less inhibition of growth and leaf expansion occur-
red from the October root collar drenches than
June or August as indicated by the significant
month effect in Figures 1 and 2, and Table 1. The
less effective inhibition in October was probably
because the trees were not actively translocating
acropetally at treatment time and had one less
growing season to absorb and translocate flur-
primidol than trees treated in June or August.
Also, no significant effect on growth was observ-
ed on any species-treatment-time combination
during the growing season (1985) the root collar
drenches were performed. Since trunk-injected
trees usually respond to flurprimidol within a
month or two after treatment (9), time of absorp-
tion through the older root bark must be responsi-
ble for the slow inhibition response. However, by
the end of the 1987 growing season, shoot
growth inhibition of both terminal and laterals was
both effective and very uniform without apparent
shoot "escapes" except for red maple treated
with the lower rate. Gilliam et al. (4) observed that
red maple "escape" shoots were even longer
than control tree shoots three years after treat-
ment of seedlings. The "escape" shoots of
treated trees in this study after three years were
not significantly longer than control trees.

In addition to the reduction in leaf area and dry
weight, flurprimidol caused a slight decrease in
net photosynthesis and an increase in chlorophyll
concentration (Table 3). The transpiration rate

was not affected. Steffens and Jacobs (7) also
found a lower relative photosynthetic rate of apple
trees with the gibberllin biosynthesis inhibitor
paclobutrazol. One would expect leaf photosyn-
thetic rates to be higher than control trees since
chlorophyll concentration was higher. However,
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Table 1. Leaf area of 11-year-old trees that were root-collar drenched with flurprimidol in 1985.

Treatment

1985

(Rate, g) (Month)
0
2 June
4
2 August
4
2 October
4

Contrast
Linear rate
Quadratic rate
Month effect

1986

809 ab
590 cde
468 efg
509 ef
584 de
736 be
665 bed

Pin oak

1987

936 a
584 de
328 g
394 fg
604 cde
494 ef
515 def

0.01
0.01
0.01

Red maple

1986

1048 a
443 Cd
368 d
535 bed
592 be
709 b
708 b

1987

1021 a
441 cd
368 d
439 cd
362 d
487 cd
424 cd

0.01
0.01
0.01

Area of 12 leaves*

White ash

1986

(cm2)-
8046 ab
5966 cde
4586 e
5953 cde
6048 cde
7649 abc
6678 bed

(P • F)-

1987

8846 a
5023 de
4925 e
5723 de
4619 e
5930 de
5786 de

0.01
0.01
0.01

Black

1986

8898 be
7404 c-g
7703 C-f
6972 d-g
9659 ab
8375 bed
8276 bed

walnut

1987

0.01
0.01
0.01

10830
6229
6044
5851
6548
8973
8017

a

fg
g
g
efg
be
cde

zWithin species, means followed by the same letter do not differ significantly at the 0.05 level.
yAny value greater than 0 but less than 0.005 was rounded to 0.01.

Table 2. Leaf dry weight of 11-year-old trees that were root-collar drenched with flurprimidol in 1985.

(Rate,
0
2
4
2
4
2
4

Treatment

1985

g) (Month)
-
June

August

October

Contrasts
Linear rate
Quadratic rate
Month effect

1986

3.3 ab
2.7 b
2.5 b
2.6 b
2.8 b
3.4 ab
2.9 b

Pin oak

1987

4.2 a
3.0 b
1.5 c
2.7 b
3.0 b
2.6 b
2.6 b

0.01
0.06
0.06

1986

3.8 ab
1.8c
1.7c
2.2 c
2.6 be
2.6 be
2.5 c

Red maple
1987

4.1 a
2.0 c
1.8c
1.9 c
1.7c
1.8 c
1.8 c

0.01
0.01
0.23

Dry weight of

1986

(cm
32.6 a
32.9 a
28.3 a
34.1 a
31.2a
35.4 a
30.1 a

(P •

12 leaves1

White ash

1987

2)
39.0 a
32.4 a
32.0 a
35.5 a
30.1 a
36.4 a
35.3 a

F)
0.12
0.63
0.26

Black

1986

27.7 cd
26.2 cd
27.7 cd
26.4 cd
29.0 cd
26.2 cd
26.3 cd

walnut

1987

47.9
26.9
25.5
23.4
23.4
39.2

33.

0.01
0.01
0.02

a
cd
d
d
d
b

6 be

zWithin species, means followed by the same letter do not differ significantly at the 0.05 level.
yAny value greater than 0 but less than 0.005 was rounded to 0.01.

Table 3. Physiological responses of 11-year-old trees to a root-collar treatment of flurprimidol (4
g/tree, June 1985). Measurements were made in August 1987.

Species

Pin oak
Red maple
White ash
Black walnut

0
0
0
0

Photosynthesis

Control

.62

.66

.49

.52

(Mg

+ o
± 0.
± 0
± 0,

CO,

.ol1

.02

.02

.07

m~
0
0,
0
0,

Treatment

2 S "
.47
.45
.46
.41

-1)

± 0
± 0,
± 0
± 0,

.02

.03

.04

.05

1
1

1

Transpiration

Control

58
43
79
08

Treatment

(mg HoO m~2 s~
± 31
± 25
± 5
± 20

143 ±
144 ±
85 ±

114 ±

1)

26
25

2
21

Chlorophyll

Control

•-(mt
431 ± 35
436 ± 26
414 ± 31
336 ± 33

Treatment

j m " 2 ) - -
438 ±
531 ±
567 ±
348 ±

12
31
28
21

zStandard error of the mean from mean of 4 leaves per tree.
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Anderson (1) found that the photosynthetic rate
under natural conditions does not vary much over
a considerable range of chlorophyll concentra-
tions and that the rate of photosynthesis is usually
well below the maximum possible rate (6). In this
study, the reduction in the photosynthetic rate,
leaf dry weight and expansion that coincided with
the increased chlorophyll concentration did not
appear to adversely affect plant vigor or aesthetic
quality. The only visible symptoms of flurprimidol
in 1986 and 1987 were small, dark-green leaves
and shorter shoots. In an earlier study, white ash
and black walnut trees treated in April 1984 with a
dose as high as 12 g/tree of flurprimidol were still
visibly healthy in June 1988 with obviously high
concentrations of leaf chlorophyll and shorter
shoots (10).

Conclusions
The results of this study indicate that root collar

treatments of flurprimidol conducted during the
growing or early dormant season inhibited growth
uniformly without visible phytotoxicity for two
years and, with the exception of growth inhibition,
had a relatively minor effect on physiological pro-
cesses. In addition to consistent uniform inhibition
of terminal and lateral shoot growth, which is dif-
ficult to obtain with trunk injection techniques, the
root collar drench method has several advantages
especially for controlling the growth of young
trees. Root collar zones of city trees are usually
accessible whereas the fibrous roots (targets for
the soil injection technique) that extend beyond
the foliage canopy may be unavailable; e.g.,
covered with concrete or macadam. Confining
flurprimidol to the root collar zone reduces the
possibility of contacting nontarget plants because
flurprimidol remains close to the root collar zone.
In another study, using a bioassay technique, flur-
primidol activity was still confined laterally within
10 cm of the treated root collar 1V4 years after
drenching the base of the trunk (10). Before flur-
primidol can be registered for root collar drench
use, more information is needed regarding effec-
tive doses for large trees and a variety of other

species. Also, information is needed regarding
longevity and movement of furprimidol residues in
various soil types. When drenching the root collar
zone, some of the wettable powder formulation,
although directed at the trunk base, makes con-
tact with the soil.
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