
HORTSCIENCE 26(3):254-255. 1991.

Biostimulator Enhancement of
Kentucky Bluegrass Sod
J.M. Goatley, Jr.1, and R.E. Schmidt2

Department of Crop and Soil Environmental Sciences, Virginia
Polytechnic Institute and State University, Blacksburg, VA 24061

Additional index words. Poa pratensis, triazoles, benzyladenine, seaweed extract, Fe

Abstract. This study was conducted to determine if foliar-applied biostimulators
could enhance harvestability and transplanting of Kentucky bluegrass (Poa pratensis
L.) sod. The systemic triazole fungicides propiconazole at 42 mg·m-2and triadi-
mefon at 150 mg·m-2 enhanced post-transplant rooting and sod strength of blue-
grass. Propiconazole had the best sod enhancement effect, increasing sod tensile
strength 23% and increasing transplant root lift strength 64% across three exper-
iments. The synthetic cytokinin benzyladenine (BA) at 6 mg·m-2 and seaweed ex-
tract (SWE, a freeze-dried extract of the seaweed Ascophyllum nodosum) at 0.3 ml
product/m 2 had little effect. The response to triadimefon was intermediate. Foliar
applications of chelated Fe phosphate citrate at 112 mg·m-2 did not enhance sod
strength or rooting of Kentucky bluegrass when applied either alone or in combi-
nation with the biostimulator materials. Chemical names used: l-(2-(2,4 -dichloro-
phenyl)-4-propyl-l,3-dioxo1an-2-ylmethyl)-lH-l,2,4-triazole(propiconazole);1-(4-
chlorophenoxy)-3,3-dimethyl-lH-(l,2,4-triazo1-l-yl)-butanone (triadimefon);6-ben-
zylaminopurine (BA, benzyladenine).
Stimulation of Kentucky bluegrass shoot
growth could provide early sod harvesting.
Faster root initiation could improve estab-
lishment and reduce the potential for mois-
ture stress of transplanted sod. Biostimulators
(materials of little or no fertilizer value that
accelerate plant growth, usually when used
at low concentrations) may provide root and
shoot stimulation.

BA, a highly active synthetic cytokinin,
increases or maintains photosynthetic rates
and delays leaf senescence (Chernyad’ev et
al., 1986; Goatley and Schmidt, 1990a; Tao
et al., 1983; White and Schmidt, 1988).
BA-treated Kentucky bluegrass leaves have
higher chlorophyll and nonstructural car-
bohydrate contents than untreated leaves
(Kane and Smiley, 1983). Some systemic
triazole fungicides promote photosynthetic
rates, stimulate root and shoot initiation and
development, and delay leaf senescence
(Ballard et al., 1984; Gautam et al., 1984;
Goatley and Schmidt, 1990a, 1990b; Kane
and Smiley, 1983). Seaweed extracts
(SWE), containing naturally occurring
auxins, cytokinins, and gibberellic acids,
increase root mass and the root : shoot ratio
in several horticultural crops (Featonby -
Smith and Van Staden, 1983; Finnie and
Van Staden, 1985; Nelson and Van Staden,
1984).

The objective of this study was to deter-
mine the influence of foliar applications of
various biostimulator materials on sod strength
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and post-transplant rooting of Kentucky
b l u e g r a s s .

Three experiments were performed in
Summer 1987 on a mature ‘Plush’ Kentucky
bluegrass sod established from seed in Sept.
1986 on a Lodi silt loam soil (typic Haplu-
dult clayey, kaolinitic, mesic family, pH 6.4)
at the Turfgrass Research Center, Blacks-
burg, Va. At the time of cutting, this area
was a mature sod acceptable for harvest.
Fertilizer was applied at seeding to provide
49 kg·ha-1 each of N, P2O 5, and K2O. Ad-
ditional N was applied at 49 kg·ha - 1 in Mar.
1987. The turf was maintained at a mowing
height of 3.8 cm and irrigated as needed to
promote turf establishment. Biostimulators
used in these experiments were two systemic
triazole fungicides (triadimefon at 150
mg·m -2 and propiconazole at 42 mg·m-2),
BA at 6 mg·m-2, and a SWE (a freeze-dried
extract of Ascophyllum nodosum containing
150 mg glycol kinetin/liter; Agrimar Corp.,
Atlanta) at 0.3 ml product/m2. These mate-
rials were applied either alone or in combi-
nation with chelated Fe phosphate citrate
(RGB Laboratories, Kansas City, Me.). In
the subsequent analyses, there were no ef-
fects (neither main effects or interaction) in-
volving Fe, thus Fe treatments were pooled
in the analyses of biostimulator effects. Fo-
liar applications of these materials were made
to 0.9 × 1.8-m plots by means of a com-
pressed-air boom sprayer delivering aqueous
solutions or suspensions of 748 liters ·ha-1 at
276 kPa.

Treatments in Expt. 1 were applied on 7
July and for Expts. 2 and 3 on 24 Aug. Sod
strips (30 cm wide and 2.2 cm deep) for
post-transplant rooting measurements were
harvested with a commercial harvester 1 week
after treatment (WAT) in each experiment,
and an additional harvest was made 4 WAT
in Expt. 1. The depth of cut at 4 WAT in
Expt. 1 was 1.3 cm due to dry soil and the
inability to cut deeper. Sod strips for tensile
strength measurements were harvested   4
and 8 WAT. The depth of cut again was 1.3
cm at 8 WAT in Expts. 1 and 3 due to dry
soil.

Sod strips were cut into individual pieces
(900 cm2) for. the post-transplant rooting
measurements and were transplanted on 900-
cm2 squares of 9-gauge (4 mm) expanded
steel mesh that had been lightly pressed into
a tilled planting area. Transplanted sod was
irrigated as needed to prevent the sod from
drying. Measurements of post-transplant
rooting were made   4 weeks after harvest
(WAH) by vertically lifting the steel squares
from the soil using a technique similar to that
described by Schmidt et al. (1986). Hooks
were attached to the corners of the steel
squares, and the amount of force required to
lift the roots free from the soil was recorded
with a 100-kg hand-held push/pull scale.

For sod tensile strength measurements, a
0.3 × 0.3-m piece of sod from each plot
was secured on a sod-stretching device con-
sisting of one unit mounted on a track that
could be driven by an electric-powered gear
activator away from an immobile frame. A
push/pull gauge scale attached to the mobile
unit was used to measure the force required
to tear the sod when the mobile unit was
placed in motion. The force [measured in a
unit of mass (kg)] at the instant of sod break
was recorded. Repeated measures were per-
formed for each plot, averaged, and con-
verted to units of kg·m-2.

The design of each experiment was a ran-
domized complete block. Factors were bio-
stimulators (BA, the two triazoles, SWE, and
untreated) and chelated Fe (treated and un-
treated). Treatments were replicated four,
three, and eight times in Expts. 1, 2, and 3,
respectively. Analyses of variance were per-
formed and treatment means for the rooting
and tensile strength were separated by the
protected LSD method. No Fe × biostimu-
lator interaction was observed; therefore, only
main effects of biostimulators are presented.

Following July application of Fe, BA, the
two triazoles, and SWE, sod tensile strength
measurements 4 and 8 WAT were low (Ta-
ble 1, Expt. 1). Independent field studies at
the Turfgrass Research Center had deter-
mined an average sod strength value of 22
kg for a 30-cm-wide harvestable sod piece
(data not presented). The low tensile strength
values were attributed to dry soil. BA in-
creased sod strength at 4 WAT, while prop-
iconazole and triadimefon increased sod
strength by   30% at 8 WAT. Propicona-
zole, triadimefon, and SWE significantly in-
creased root lift of Kentucky bluegrass 4
WAH (Table 1, Expt. 1). Triadimefon treat-
ment resulted in root lift values that were
about twice as high as untreated sod squares.
BA did not significantly increase post-trans-
plant root lift values (Table 1). Vertical root
lifts 8 WAH indicated propiconazole-treated
sod had values that were 70% greater than
untreated sod. Triadimefon-treated sod had
root lift values that were 38% greater than
those of untreated sod (Table 1). Mean root
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zSeaweed extract amount given in milliliters of product per square meter. All other biostimulator levels
expressed in milligrams a.i. per square meter.
yWAH = weeks after harvest; WAT = weeks after treatment. Mean separation in columns within
each experiment by Fisher’s protected LSD test, P = 0.05.
lift values of sod treated with SWE or BA
did not differ significantly from untreated sod.

Following August applications of Fe, BA,
and triazoles, soil moisture conditions for the
tensile strength measurements permitted sod
cutting at a 2.2-cm depth. Harvesting at this
depth resulted in higher sod strengths (Table
l, Expt. 2) than those reported for the July
application. Propiconazole increased tensile
strength 31% at 4 WAT and 25% at 8 WAT
(Table 1). Neither BA nor triadimefon in-
creased tensile strength at 4 or 8 WAT when
compared to the untreated sod. The vertical
root lift 4 WAH in Expt. 2 indicated that
propiconazole and triadimefon enhanced the
root lift requirement of Kentucky bluegrass
   50% over the untreated sod. BA treatment
did not significantly improve bluegrass root-
ing (Table 1, Expt. 2).

Following August applications of tria-
zoles, sod tensile strength measurements at
4 and 8 WAT indicated propriconazole in-
creased strength by 14% and 22%, respec-
tively, compared to the control (Table 1, Expt.
3). Tensile strength measurements for the
harvest 8 WAT were lower than at 4 WAT
due to sod cutting at the 1.3-cm depth in the
dry soil. At 4 WAH, triadimefon increased
root lift 57% and propiconazole increased it
45% (Table 1, Expt. 3).

Treatment with the systemic triazole fun-
gicide propiconazole resulted in average in-
creases in post-transplant rooting and sod
tensile strength of 64% and 23%, respec-
tively, for Kentucky bluegrass across all ex-
periments. Triadimefon increased post-
transplant rooting in each experiment, but
increased sod strength only at 8 WAT in Expt.
1. The results obtained do not eliminate the
possibility that a fungicidal effect was pres-
ent. However, the absence of obvious root
and shoot pathogens indicates that these tria-
zoles apparently can stimulate rooting and
increase tensile strength of bluegrass sod by
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means of a nontarget, biostimulator activity.
The growth regulator-like responses of plants

to triadimefon and propiconazole are proposed
to be cytokinin-like. Endogenous cytokinins
influence cell division and elongation, lateral
bud initiation and development, and plant se-
nescence (Wareing and Phillips, 1986). Fletcher
and Arnold (1986) suggested that the growth-
promoting  activity of triadimefon is a result of
a direct stimulation in root growth and a pos-
sible increase in endogenous cytokinin synthe-
sis and translocation within the plant. Other
growth responses exhibited by triazole-treated
plants are delayed plant senescence and in-
creased or maintained photosynthetic rates
(Ballard et al., 1984; Davies et al., 1984;
Goatley and Schmidt, 1990a). The observed
increase in sod strength following triazole
treatment indicates a stimulation in rhizome
and tiller initiation and development, as pre-
viously reported for seedling Kentucky blue-
grass (Goatley and Schmidt, 1990b). However,
the nature of the plant response to the biostim-
ulator activity of the triazoles apparently is
concentration-dependent. Kane and Smiley
(1983) reported that triazoles at 300 to 600 mg
a.i./m2 suppressed Kentucky bluegrass root and
shoot growth. Wulster et al. (1987) reported
an increase in lily (Lilium longiflorum Thunb.)
height  when triadimefon was applied as a bulb
soak at a concentration of 100 mg·liter-1 or
when propiconazole was applied as a soil drench
at 20 mg·liter-1

. However, applications of the
triazoles as a bulb soak at 500 mg·1iter-1 sig-
nificantly reduced lily height. The levels of
triazoles used on Kentucky bluegrass in these
experiments, recommended field levels as fun-
gicide applications, provided positive growth
responses.

BA, the synthetic cytokinin, significantly
enhanced sod strength 4 WAT in Expt. 1 but
showed very little biostimulator activity oth-
erwise. The lack of biostimulator activity ob-
served in this study supports previous research
that determined BA was much more effective
as an antisenescent agent than as a biostimu-
lator (Goatley and Schmidt, 1990a; Tao et al.,
1983). The lack of positive response in rooting
was anticipated since cytokinins can inhibit
lateral root primordia initiation and develop-
ment (Wareing and Phillips, 1986).
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