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ABSTRACT. A variety of organic materials such as humic substances, seaweed extracts (SWE), organic matter, and amino
acids are being used as fertilizer supplements in commercial turfgrass management. Among them, SWE and humic acid
(HA) are widely used in various biostimulant product formulations. These compounds have been reported to contain
phytohormones and osmoprotectants such as cytokinins, auxins, polyamines, and betaines. Manufacturer claims are
that these products may supplement standard fertility programs by reducing mineral nutrient requirements while
improving stress tolerance. There is a lack of season-long, field-based evidence to support these claims. This study was
conducted to investigate the influence of monthly field applications of SWE, HA, and high and low seasonal fertilization
regimes on the physiological health of fairway-height creeping bentgrass (Agrostis stolonifera L.). Plots were treated
monthly with SWE at 16 mg-m-2 and HA (70 % a.i.) at 38 mg-m-2 alone, or in combination, and were grown under low
(20 kg-ha-"/month) or high nitrogen (50 kg-ha-'/month) fertilization regimes during 1996 and 1997. Endogenous anti-
oxidant superoxide dismutase (SOD) activity, photochemical activity (PA), and turf quality were measured in July of
each year. Superoxide dismutase activity was increased by 46 % to 181%, accompanied by a PA increase of 9% to 18 %,
and improved visual quality of bentgrass in both years. There was no significant fertilization x supplement interaction.
Although not part of our original objectives, it was noted that significantly less dollar spot (Sclerotinia homoeocarpa
F.T. Bennett) disease incidence occurred in supplement-treated bentgrass. Our results indicate that increased SOD
activity in July due to SWE and/or HA applications improved overall physiological health, irrespective of fertiliza-
tion regime. This suggests that these compounds may be beneficial supplements for reducing standard fertilizer and

fungicide inputs, while maintaining adequate creeping bentgrass health.

Creeping bentgrass (Agrostis stolonifera L.) is an extensively
used cool season grass for low-cut turf areas such as golf course
fairways and greens. A preference for this species and increasing
demand by the public for high quality golf playing surfaces have
expanded bentgrass use farther into the South and other regions of
the Unites States (White, 1996). However, unfavorable summer
environmental conditions often reduce the quality of creeping
bentgrass in many areas. Less stress tolerance and poor quality of
cool-season turfgrass species are often associated with a shallow
root system and excess shoot growth caused by an over-fertiliza-
tion with nitrogen and over-irrigation (Hull, 1992).

Water deficit, high radiation and high temperatures during the
summer may increase oxidative stress leading to cellular damage
and growth reduction of cool-season plants (Demmig-Adams
and Adams, 1992; Lawlor, 1995). It is well established that en-
vironmental stress may damage plant cells through production of
reactive oxygen species (ROS) including superoxide, hydrogen
peroxide, hydroxyl anions, and singlet oxygen (Scandalios, 1997).
When stress results in decreased efficiency of photosynthetic
electron transport, electrons can react to reduce molecular oxy-
gen, resulting in the overproduction of ROS (Smirnoff, 1995).
Plant antioxidant metabolites and enzymes protect plant cells by
scavenging these ROS (Polle, 1997). Superoxide dismutase is an
efficient antioxidant enzyme for scavenging superoxide anions
(Bowleretal., 1992; Scandalios, 1997). Greater antioxidant con-
tent has been associated positively with turfgrass stress tolerance
(Zhang, 1997; Zhang and Schmidt, 1999, 2000a).

Seaweed (Ascophyllum nodosum Jol.) extracts (SWE) and hu-
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mic acid (HA) are two novel materials that have shown promise
for protecting turfgrasses against oxidative stress. Much early
work by Schmidt and collaborators focused on refining appropri-
ate dilution rates of seaweed extracts and HA based on turfgrass
responses such as leaf growth rate and senescence (Goatley and
Schmidt, 1990), nutrient uptake (Yan, 1993), root mass (Nabati
et al., 1994), and photochemical activity (Zhang, 1997). These
studies have shown that certain rates of generic and commercial
formulations of SWE and/or HA can improve turfgrass quality and
resistance to environmental stresses such as drought (Zhang, 1997)
and salinity (Nabati, et al., 1994). Further research indicated that
improved stress resistance was associated with increases in anti-
oxidant contents and activities (Zhang and Schmidt, 1997; Zhang
and Schmidt, 1999, 2000b). All of these studies were conducted
under uniform fertilization. Because the chemical components
of SWE and HA have yet to be completely characterized and
tested for specific activity, we do not currently understand the
physiological or biochemical bases of SWE and/or HA’s effects
on antioxidants and other stress responses. However, information
from other researchers has provided some clues as to constituents
and possible modes of action.

Fike et al. (2001) reported that SWE derived from A. no-
dosum contains various compounds including amino acids and
micronutrients; they also reported hormonal activity equivalent
to 50 mg-L-! kinetin. Additionally, auxin and cytokinins have
been identified and quantified in SWE using GC-MS techniques
(Crouch and Van Staden, 1993; Sanderson and Jameson, 1986;
Sanderson et al., 1987; Senn, 1987). Lastly, three betaine forms
have been quantified in A. nodosum extracts (Blunden et al.,
1986). Quarternary ammonium compounds such as the betaines
are thought to play a pivotal role in plant cytoplasmic adjustment
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in response to osmotic stresses (Rhodes and Hanson, 1993).

Humic acids, the major acid extractable component of humic
substances, consist of ahydrophobic framework of aromatic rings
linked by flexible carbon chains, with alcohol, amide, amine,
carboxylic, carbonyl, phenol, and quinone functional groups
(Davies and Ghabbour, 1998). Several researchers have noted
that various sources of HA may improve plant nutrient uptake
(Adanietal., 1998), increase root growth (Chen and Aviad, 1990;
Clapp et al., 1998), enhance enzyme activity, and promote stress
tolerance (Chen and Aviad, 1990). Liu et al. (1998) reported that
400 mg-L-! humic acid, supplied hydroponically, enhanced net
photosynthesis, root dehydrogenase activity, and root mass of
creeping bentgrass. Two hormonal mode of action possibilities
for HA involve the auxin-like activity reported by O’Donnell
(1973) and Nardi et al. (1994) and increased polyamine content
associated with stimulation of root growth reported by Young
and Chen (1997).

Seaweed extracts and humic acids from multiple sources are
currently being used in many commercial turf products. Some
manufacturers claim these products may improve turfgrass per-
formance under environmental stress when used in conjunction
with a standard fertilization program (Sachs, 1996). Further,
many claim that proper use of these products improves turfgrass
quality with reduced input of mineral fertilizers (Sachs, 1996).
Scant research exists concerning the interaction of SWE and/or
HA with mineral nutrition on field-managed turfgrass. Therefore,
the objectives of this research were to investigate the influence
of monthly applications of SWE and/or HA on superoxide dis-
mutase (SOD) activity, photochemical activity (PA), and turf
visual quality of creeping bentgrass subjected to low and high
seasonal fertilization regimes.

Materials and Methods

This study was conducted at the Virginia Tech Turfgrass
Research Center, Blacksburg, Va., from 14 May 1996 through 3
Dec. 1997. A mature ‘Penncross’ creeping bentgrass area, grown
on a Groseclose silt loam soil (clayey, Kaolinitic, mesic Typic
Hapludult, pH 6.2, OM 2.2%), was mowed at 0.625 cm three
times weekly. A curative approach to pest control was followed.
No insecticide or herbicide applications were needed during the
study. However, there was sustained dollar spot (Sclerotinia ho-
moeocarpa F.T. Bennett) disease pressure during both summers.
Because treatment differences were striking, dollar spot damage
ratings were taken in July of both years before applying a cura-
tive rate (1.4 kg-ha') of Chipco 26019 FLO (iprodione: 3-(3.5-
dicholorophenyl)-N-(1-methylethyl)-2.4-dioxo-1-imidazolidine
carboxamide; a.i. 23.3%). Although not originally part of the
objectives of this study, dollar spot incidence was evaluated based
on a visual scale of 1 to 9, with 1 indicating no damage and 9
indicating a complete blighting of the plot. After disease ratings
were taken, iprodione was applied to stop the disease and allow
for recovery. The turfgrass was uniformly irrigated to prevent
drought stress on an as-needed basis with a traveling sprinkler
(Rain Coach; Fresno, Calif.) that applied 2.5 cm-h-'.

Asplitplotexperimental design was used with four replications.
The main plot consisted of high and low fertilization treatments
as follows: 1) low fertilization: N from urea at 20 kg-ha-!; P from
triple super phosphate (21% P) at 2.8 kg-ha-!; and K from potas-
sium chloride (50% K) at 10.8 kg-ha-!; 2) high fertilization: N
at 50 kg-ha'; P at 5.6 kg-ha!; and K at 21.6 kg-ha-!. Urea was
dissolved in water and the solution was sprayed over foliage

J. AMER. Soc. HorT. Sci. 128(4):492-496. 2003.

every 30 = 2 d from 24 May to 26 Nov. 1996 and 29 Apr. to
29 Nov. 1997. The N rates were 140-160 kg-ha-! per season for
the low regime and 350 to 400 kg-ha-! per season for the high
regime. Triple super phosphate (0—46-0) and potassium chloride
(0-0-60) were applied to each plot with a shaker jar and watered
in on 24 May, 17 July, and 15 Oct. 1996 and 28 May, 21 July,
and 17 Oct. 1997.

Separate subplots, 1.5 x 1.8 m, were treated with alkaline
extracts of A. nodosum at 16 mg-m=2 and acid extracts of
leonardite (70% a.i.) at 38 mg-m-2 alone, or in a combination,
every 30 = 3 d beginning on 14 May to 3 Dec. 1996 and 29
Apr. to 23 Nov.1997. These supplements were mixed with
water and the solutions were applied evenly over each plot
at 35 ml'm2using a compressed air sprayer at 290 kPa. Both
SWE and HA were obtained from Plant-Wise Biostimulants,
Inc. (Louisville, Ky.). The humic acid used in this study was
an extracted source from leonardite. The SWE product used in
this study is estimated to contain the equivalent of 50 mg-L-!
of kinetin according to a bioassay using radish (Raphanus
sativus L.) cotyledons as reported by Acadian Seaplants Limited
(Nova Scotia, Canada).

Sample collection for SOD analysis in July 1996 and 1997
consisted of permitting the grass to grow for one week without
mowing and then sampling leaf blade tissue removed by mowing
with a 55-cm-wide greens-type reel mower set at a 0.625-cm
height. Each bulk plot leaf tissue sample was frozen immedi-
ately with liquid nitrogen and stored at —20 °C for subsequent
SOD activity analysis. Fresh leaf samples (1,000 mg) were
homogenized in 10 mL of 0.05 m Na,HPO,/NaH,PO, (pH 7.0)
buffer. The homogenates were filtered through four layers of
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Fig. 1. Superoxide dismutase (SOD) activity in creeping bentgrass during July
1996 and July 1997 as influenced by supplements and fertilization. Seaweed
extracts and humic acid were applied every 30 d, 3 d from 14 May to 3 Dec.
1996 and 29 Apr. to 23 Nov. 1997 at 16 and 38 mg-m2, respectively (treatments
within each data set marked with same letters are not different significantly
at P <0.05).
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cheesecloth and then centrifuged at 4 °C for 20 min at 15,000 g.
The supernatants were collected and used for the SOD assay.

Superoxide dismutase activity was analyzed according to
the procedure of Giannopolitis and Ries (1977). One enzyme
unit of SOD activity is defined as the amount of enzyme required
to cause 50% inhibition of nitro blue tetrazolium reduction mea-
sured at 560 nm on a spectrophotometer.

The function of the photosynthetic system of the turf canopy
was probed by measuring chlorophyll fluorescence with a dual
wavelength fluorometer (OS-50; Opti-Sciences, Inc. Tyngsboro,
Mass.) immediately before leaf samples were taken for SOD
analysis. Photochemical activity (Fv/Fm) and chlorophyll con-
tent (Fm730nm/Fm690nm) were obtained based on chlorophyll
fluorescence signals (Schmidt et al., 1999; Zhang and Schmidt,
2000b). The turfgrass canopy was covered in dark for 15 min. and
then exposed briefly to light at which time a reading was taken
from each plot randomly. An average of three readings from each
plot were used for data analysis. In addition, turf quality was rated
on a visual scale of 1 to 9, with 9 indicating the best quality in
July 1996 and 1997. Dollar spot incidence was rated on a visual
scale of 1 to 9, with 1 indicating no dollar spot and 9 indicating
complete blighting of the plot in July of both years.

Data from 1996 and 1997 were analyzed separately since the
year was not considered as a variable in the experimental design.
Each data set was subjected to ANOVA and main effects and
the interactions of the two factors (fertilization x supplement
treatment) were evaluated. Since the interactions for each data set
were not significant, mean separations for supplement treatments
were ascertained using Duncan’s multiple range test based on the
averages across both fertilization regimes (SAS, 1996).

Results

When measured during July 1996, application of HA or HA
+ SWE increased SOD activity by 181% and 84%, respectively
(Fig. 1A). When measured during July 1997, application of HA,
SWE, and HA + SWE enhanced SOD activity by 46%, 47%, and
92%, respectively (Fig. 1B). The highest SOD activity during July
1997 was obtained in bentgrass treated with HA + SWE. High
fertilization increased the SOD activity of creeping bentgrass in
July 1996 by 46% (Fig. 1C), but not in July 1997 (Fig. 1D). The
fertilization x supplement interaction was not significant for SOD
activity in 1996 or 1997.

When measured during July 1996, application of HA or HA +
SWE increased PA by 18% and 15%, respectively (Fig. 2A). In
July 1997, application of HA, SWE, and HA + SWE enhanced
PA by 11%, 9%, and 12%, respectively (Fig. 2B); however, high
fertilization decreased PA by 10% in July 1997 (Fig. 2D), but not
in July 1996 (Fig. 2C). The fertilization x supplement interaction
was not significant for PA in 1996 or 1997.

Application of HA and SWE alone or in combination improved
turf quality in July 1996 (Fig. 3A) and July 1997 (Fig. 3B), except
SWE alone in July 1996. The greatest turf quality was observed
when the grass was treated with HA and SWE in combination
(Fig. 3A and B). High fertilization improved turf quality in July
1996 (Fig. 3C), but not in July 1997 (Fig. 3C). The fertilization
x supplement interaction was not significant for turf quality in
1996 or 1997.

Dollar spotdisease incidence was generally reduced by applica-
tion of all supplement treatments under low or high fertilization
when evaluated during July 1996 (Table 1). As expected, higher
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Fig. 2. Photochemical activity (Fv/Fm) in creeping bentgrass during July 1996 and
July 1997 as influenced by supplements and fertilization. Seaweed extracts and
humic acid were applied every 30 + 3 d from 14 May to 3 Dec. 1996 and 29 Apr.
to 23 Nov. 1997 at 16 and 38 mg-m?2, respectively (treatments within each data
set marked with same letters are not different significantly at P <0.05).
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Fig. 3. Turf quality of creeping bentgrass on 11 July 1996 and 25 July 1997 as
influenced by supplements and fertilization. Seaweed extracts and humic acid
were applied every 30 + 3 d from 14 May to 3 Dec. 1996 and 29 Apr. to 23
Nov. 1997 at 16 and 38 mg'm=2, respectively (treatments within each data set
marked with same letters are not different significantly at P < 0.05).
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Table 1. Incidence of dollar spot on creeping bentgrass as influenced
by supplement and fertilization; SWE = seaweed extracts, HA =
humic acid.

Treatment

HA SWE Dollar spot incidence
(mg'm-2) (mg'm-2) 1996 1997
0 0 5.8 a 45a
0 16 32b 35b
38 0 33b 29b
38 16 40b 3.8 ab
Fertilization

Low 4.6a 5.6a

High 3.6b 1.9b
Sources of variation

Supplement * *

Fertilization * w

Supplement x fertilization Ns NS

:Evaluated on 11 July 1996 and 25 July using a visual scale of 1 to 9 with
1 =no dollar spot and 9 = a complete blighting of the plot.

yValues followed by same letters in each column for each data set are
not significantly different at P < 0.05.

w.**Nonsignificant or significant at P < 0.05 or 0.01, respectively.

nitrogen application reduced disease incidence on field grown
creeping bentgrass in both years. There was no significant fertil-
ization x supplement interaction for dollar spot incidence.

Discussion

The results of this study indicate that foliar application of SWE
and HA alone, orin combination, generally increased SOD activity
of field grown creeping bentgrass in July (Fig. 1A and B). These
increases were associated with greater photochemical activity,
better turf quality, and less dollar spot disease incidence. These
results are consistent with those of Coelho et al. (1997), Fike et
al. (2001),and Zhang and Schmidt, (1999,2000a). When creeping
bentgrass experiences photooxidative stress, the photosynthetic
apparatus is one of the primary targets of oxidative damage. In
mature leaves, a major fraction of cellular SOD (60% to 80%) is
located in chloroplasts (Bowler et al., 1992). Our results indicate
that increased SOD activity in July due to SWE and/or HA ap-
plications may have improved overall bentgrass physiological
health, regardless of whether the bentgrass received the low or
high fertilization treatments. This suggests that the beneficial
influence of these compounds on turfgrass field performance
could be achieved under reduced, but nutritionally adequate,
fertilization.

Evidence regarding how SWE and HA may promote SOD and
photochemical activity is lacking; however, we speculate that the
reported hormonal and compatible osmolyte content of these sub-
stances may play a causative role. The application of exogenous
auxins, cytokinins, or glycinebetaine has been shown to result in
increased endogenous levels of the hormones and osmoprotectants
(Aueretal., 1999;Rhodes and Hanson, 1993). Increased endogenous
concentrations of the four candidate compound groups—cytokinins,
auxins, polyamines, and betaines—have all been associated with
membrane stabilization leading to protection of PSII activity dur-
ing osmotic and temperature stress (Aldesuquy, 2000; Nooden
and Leopold, 1988; Papageorgiou et al., 1991; Williams et al.,
1992). Yan et al. (1997) reported that SWE increased membrane
lipid unsaturation and fluidity leading to more favorable perennial
ryegrass leaf water potential under drought.
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Investigations on the role of these compounds in the physi-
ological and biochemical mode of action of SWE and HA are
currently underway. Considerable research remains to be com-
pleted to gain a clearer understanding of how alkaline extracts
of A. nodosum (SWE), acid extracts of leonardite (HA), or their
combination increase the physiological health of turfgrasses and
other plants under environmental stress. It is clear from the results
herein, however, that supplementation of standard fertilization
programs with SWE and/or HA may bolster creeping bentgrass
defense systems to allow maintenance of acceptable quality with
fewer fungicidal and fertilizer inputs.
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