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SUMMARY. Due to restrictions on pesticide and nitrogen use in high-input European
agricultural systems, many of the biostimulants used in horticulture are being in-
corporated into turfgrass management programs—although often with little un-
derstanding. A set of experiments was carried out on perennial ryegrass (Lolium
perenne) cultivated in pots in a greenhouse in 2013 and 2014 to test the effect of
three biostimulants: two composed of nitrifying bacteria (B1 andB2), and the other
amixture of amino acids, polysaccharides, nitrogen, andmicronutrients (B3). Apart
from the biostimulant treatment, nutritional stress was incorporated into the study
to demonstrate if biostimulants could temporarily replace the fertilization role and
so lessen the environmental impact. Turfgrass treated with B1 resulted in an in-
crease in quality compared with untreated turf, and the positive effect lasted 2 and 3
months in 2013 and 2014, respectively. Additionally, an extended benefit was
observed when the B1 interval application was longer, even temporarily replacing
fertilization when applied on stressed turfgrass. The B2 produced similar results to
B1, the effect was longer, and the turf exhibited a darker color—although it caused
phytotoxicity at the tip of the leaves. The B3 led to a beneficial effect on turfgrass,
especially under nutritional stress; it showed a better quality, darker green color,
and more growth and yield than untreated turf (despite adding less nitrogen than
during either mineral fertilizer treatment). Overall results show that the tested
biostimulants increase turfgrass quality even when inducing a nutritional stress.

T
hemost important nutrient for
optimal plant growth is nitro-
gen (N), but it is known that in

intensive agricultural systems there is
an environmental risk caused by in-
adequate management of N fertiliza-
tion (Neeteson and Carton, 2001).
Processes such as nitrate leaching and
nitrous oxide emissions produce ma-
jor environmental problems in water
and the atmosphere (Guo et al.,
2010; Ramos et al., 2002). On the

other hand, other agricultural inputs
such as pesticides can be harmful to
nontarget organisms and can produce
adverse effects on human health and
the environment if used negligently.
Regulations set by the European
Union for the sustainable use of fer-
tilizers and pesticides to reduce risks
and to lessen the impact on human
health and the environment (Euro-
peanUnion, 1991, 2009, respectively)
may increase the use of biostimulants
as replacements for many ingredients
that are being rejected for use in
turfgrass. However, the term ‘‘biosti-
mulant’’ is wide and loosely defined
(Mueller and Kussow, 2005). The
term includes an array of products,
from seaweed to cultured living mi-
croorganisms and various natural

chemicals and compounds (du Jardin,
2015; Karnok, 2000; Van Oosten
et al., 2017).

Calvo et al. (2014) extensively
reported on the agricultural uses of
plant biostimulants. Specifically, bio-
stimulants have already been positively
tested in horticulture. Battacharyya
et al. (2015) reviewed the effects of
seaweed extracts on vegetable, fruit,
and ornamental crops—including tall
fescue (Festuca arundinacea) and creep-
ing bentgrass (Agrostis stolonifera)—and
concluded that there are a number
of questions that still need to be
addressed for the better use of sea-
weed resources and their extracts in
horticultural crops.

Another review of the effect of
biostimulants based on humic and
fulvic acids on 30 horticulture crops
concluded that the use of such bio-
stimulants in horticultural crops is
a key sustainable technology that can
make cropping systems more produc-
tive, efficient, and less harmful to the
environment (Canellas et al., 2015).
Protein hydrolysates (a mixture of
peptides and amino acids) have also
been positively used as biostimulants
for making horticultural crops more
sustainable (Colla et al., 2015, 2017).

Finally, the use of soil microor-
ganisms (bacteria or fungus) as bio-
stimulants for increasing the nutrient
and water-use efficiency of horticul-
tural crops has also been successfully
tested (Acikgoz et al., 2016; L�opez-
Bucio, et al., 2015; Rouphael et al.,
2015; Ruzzi and Aroca, 2015; Sahin
and Turan, 2013). Yadav et al. (2017)
reported that the use of plant growth
promoting bacteria (Azotobacter, Ba-
cillus, and Pseudomonas, and other
genera) may prove useful in develop-
ing strategies to facilitate plant
growth under normal conditions, as
well as under abiotic stress. Another
area of potential enhancement of N
nutrition in turfgrasses and adapta-
tion to environmental stress involves
associative N fixation by bacteria
and mycorrhizal fungi (Duncan
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and Carrow, 1999). Contributing
to other positive roles, Azotobacter
vinelandii, for example, can be used
as soil contaminant detoxification
bacteria (Ehaliotis et al., 1999).

Due to the success of biostimu-
lants in vegetable and fruit crops, the
biostimulant industry is focusing on
turfgrass species, as there is a consider-
able business opportunity due to
acreage and pesticide reduction regu-
lations in this sector. However, many
biostimulants marketed for turfgrass
include mineral fertilizers that mask
the effect of biostimulants on turf-
grass, and which together with the
large number of available products is
making the use of biostimulants con-
fusing for scientists, greenskeepers,
and householders.

One of the most important turf-
grass species in the temperate regions
of the world is perennial ryegrass
(Lolium perenne). This grass is suit-
able for home lawns, parks, ceme-
teries, roadsides, golf courses, and
athletic fields (Wu et al., 2005). Pe-
rennial ryegrass is a cool-season turf-
grass species, and its growth often is
limited by high temperatures during
summer months in warm climates
(Jiang and Huang, 2001). A peren-
nial ryegrass stand stressed by heat
and/or other abiotic factors is more
likely to be infected by diverse micro-
organisms, and the lack of pesticides is
leading groundskeepers to apply bio-
stimulants with little knowledge of
their mechanism of action or how to
integrate application procedures with
other management practices (above
all mowing and irrigation).

Little research has been con-
ducted on the effect of biostimulants
on perennial ryegrass. Kauffman et al.
2007 demonstrated that amino acid
containing biostimulants when ap-
plied sequentially to perennial rye-
grass foliage could positively affect
turfgrass heat stress tolerance. Botta
(2013) reported that an amino acid-
based biostimulant applied on heat-
stressed perennial ryegrass showed
superior photosynthetic efficiency and
maintained higher levels of chloro-
phylls and carotenoids. Another amino
acid (gamma aminobutyric acid) was
foliar applied on drought-stressed pe-
rennial ryegrass, demonstrating that
it was effective in mitigating the phys-
iological response of drought stress
damage (Krishnan et al., 2013). Acik-
goz et al. (2016) conducted a study

on perennial ryegrass and tall fescue
that resulted in an increase of color
ratings and clipping yields when treated
with plant growth-promoting rhizo-
bacteria. Several studies have been per-
formed on perennial ryegrass for salt
tolerance enhancement by applying
biostimulants: Hu et al. 2012 found
glycine betaine treatments useful in this
type of stress and Sun et al. (2015) and
Wu et al. (2017) suggested that a 24-
epibrassinolide treatment (a plant
hormone) might improve perennial
ryegrass salt tolerance.

Biostimulants have also been
tested on other important turfgrass
species. Elliot and Prevatte (1996)
reported no positive effects for
seaweed extracts on hybrid bermuda-
grass (Cynodon dactylon · C. trans-
vaalensis) growth or quality. In tall
fescue, seaweed extracts improved
post-transplant rooting and quality
of tall fescue sod (Zhang et al.,
2003a). In creeping bentgrass, Aamlid
et al. (2017) reported a faster grow-
in on plots receiving amino acid-
based biostimulants than on plots
receiving mineral fertilizers. Xu and
Huang (2010) reported improved
turfgrass quality with sea plant ex-
tracts and microorganisms. However,
a previous experiment (Aamlid and
Hanslin, 2009) indicated that, on
average, none of the tested biostimu-
lants caused significant improvements
in the overall impression of turfgrass
[creeping bentgrass, perennial rye-
grass, and kentucky bluegrass (Poa
pratensis)] compared with control
mineral fertilizer treatments. Only
few improvements in foliar N uptake
were reported by Stiegler et al. (2013)
when single amino acid-based biosti-
mulants were applied and compared
with mineral fertilizers on creeping
bentgrass. These last authors also
reported that glycine was better ab-
sorbed than potassium nitrate, but
none of the studied amino acid-based
biostimulants exceeded urea N ab-
sorption. Another negative effect on
creeping bentgrass due to a micro-
bial inoculant biostimulant applica-
tion was a delay in germination (Butler
et al., 2007) or a N leaching increase
when establishing a new golf green
(Butler et al., 2012). Zhang et al.
(2003b) and Zhang and Ervin (2008)
reported that seaweed extracts and
humic substances may be beneficial
supplements for reducing standard fer-
tilizer and fungicide inputs, while

maintaining adequate health for creep-
ing bentgrass. Zhang et al. (2013b)
indicated a positive role for foliar amino
acids in creeping bentgrass N summer
fertilization programs.

Hence there is a need to improve
our understanding of the function of
biostimulants so that the efficacy of
these materials can be improved and
industrial processes can be optimized
(Brown and Saa, 2015). The main
research trend dealing with biostimu-
lants on turfgrass science is in dem-
onstrating that biostimulants are
useful when applied before stress sit-
uations (heat, drought, disease, and
nutrition) to reduce polluting agri-
cultural inputs such as fertilizers and
pesticides. A priority for many turf-
grass managers is to maintain high-
quality turfgrass while minimizing
their environmental risk.

The objective of our research was
to test three commercial biostimulants
on perennial ryegrass in greenhouse
conditions considering two hypothe-
ses: 1) the biostimulants increase turf-
grass quality, and 2) the use of these
biostimulants under nutritional stress
reduces mineral fertilization in a turf-
grass fertilization program.

Materials and methods
The effect of the biostimulants

was tested on ‘Esquire’ perennial rye-
grass in greenhouse pot studies dur-
ing 2 consecutive years.

EXPERIMENTAL DESIGN. In 2013
(Apr. to Oct.), the biostimulants
Azobio (B1), Rizobacter (B2), and
Rizosan Eco (B3) (all manufactured
by Biotecnolog�ıa del Mediterr�aneo,
Valencia, Spain) were tested, and the
experiments were repeated in the
same period of 2014. The nutritional
stress factor was tested in addition
to the biostimulant treatment factor.
Two minor studies were performed
with B1 and B2 biostimulants in
2014 to obtain more information
on application intervals and dose re-
sponse, respectively. The complete
study was made up of eight random-
ized complete block design experi-
ments with two factors: biostimulant
treatment (treated or untreated) and
nutritional stress (conventional fer-
tilization or low fertilization); and
four replicates.

BIOSTIMULANTS. All tested bio-
stimulants are already being com-
mercialized for high-input vegetable
production. The biostimulant B1 is
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a biological inoculant composed of
2 · 108 cfu/mL A. vinelandii. The
biostimulant B2 is also a biological
inoculant composed of 20 · 106 cfu/
mL Bacillus licheniformis, 20 · 106

cfu/mL Bacillus megaterium, 20 ·
106 cfu/mL A. vinelandii, and
20 · 106 cfu/mL Pseudomonas fluo-
rescens. Finally, B3 is a root enhancer
composed of 8.0% free amino acids
(5.57% glutamic acid, 1.20% alanine,
0.71% aspartic acid, 0.11% valine, and
0.41% thirteen amino acids); 6% total N
derived from 3% organic [amino acids
from vegetal origin, corn (Zea mays)],
and3% ammoniacalN (NH4-N);micro-
nutrients [0.4% iron (Fe), and 0.4%
zinc (Zn)]; and 2.5% poly-saccharides.

NUTRITIONAL STRESS. A conven-
tional fertilization program was
compared with a nutritional stress
program that was induced in half of
the pots by performing (during the
24 weeks of experiment evaluation)
two fertilization events instead of
three, and by using half of the fer-
tilizer dose (17.5 g�m–2) instead of
35 g�m–2 of a 16N–3.5P–13.3K–
3Mg–0.5Fe mineral compound fer-
tilizer (Floranid TWIN Turf; Compo
Expert,M€unster, Germany).Nitrogen
sources of the compound were
10.36% urea (isobutylidene diurea),
3.8% NH4-N, and 1.9% nitric. The
conventional fertilization program (dose
and application intervals) was set
according to the fertilizer manufac-
turer’s recommendations.

TURFGRASS MANAGEMENT. The
experiments were carried out in
a greenhouse with a temperature
range set between 17 and 28 �C.
Perennial ryegrass was sown 4months
before the starting date of the exper-
iments at 20 g�m–2 in polyethylene
pots (40 cm high and 16 cm in di-
ameter) filled with a sand (0.6-mm
particle size) and peat (90/10 w/w)

mixture. Turf management before
biostimulant applications consisted
of a starting fertilization with the com-
pound at 35 g�m–2 before sowing,

weekly mowing at 2 cm, and irriga-
tion on demand (avoiding leaching of
water and nutrients) every 2 to 3 d.
On 15 Apr. 2013, B1, B2, and B3

Table 1. Repeated measures analysis of variance of perennial ryegrass treated twice in a 2-week interval with the biostimulant
1 [B1 (Azobio; Biotecnolog�ıa del Mediterr�aneo)] at 5.4 mL (0.18 fl oz) per pot in 2013 and 2014.

B1

2013 2014

Turf quality Turf color Dry wt Growth Turf quality Turf color Dry wt Growth

Treatment 0.04z <0.01 0.67 0.46 <0.01 <0.01 <0.01 <0.01
Nutritional stress 0.08 0.06 0.05 0.01 <0.01 <0.01 <0.01 <0.01
Time <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress 0.23 0.53 0.68 0.18 0.03 0.60 0.14 0.01
Treatment · time 0.59 0.19 <0.01 0.14 <0.01 <0.01 <0.01 <0.01
Nutritional stress · time 0.02 <0.01 0.35 0.03 <0.01 <0.01 0.02 <0.01
Treatment · nutritional stress · time 0.56 0.14 0.67 0.75 <0.01 <0.01 <0.01 <0.01
zSignificant tests (P < 0.05) are indicated in bold.

Fig. 1. Visual quality and growth of perennial ryegrass treated twice in a 2-week
interval with the biostimulant 1 [B1 (Azobio; Biotecnolog�ıa del Mediterr�aneo)]
at 5.4 mL (0.18 fl oz) per pot in 2013. The same letters above each evaluation
date indicate nonsignificant differences according to Fisher’s protected least
significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B1 treatment.Untreated (U): conventional fertilization programwithout
B1 treatment. Stressed B1 (S-B1): low fertilization programwith B1 biostimulant
treatment. B1: conventional fertilization program with B1 biostimulant
treatment. Graphic B includes the analysis fixing fertilization factor (uppercase
letters for nutritional stress and lowercase letters for conventional fertilization);
turf quality (1 = dead turf, 9 =maximum quality); turf color (1 = light-green turf,
9 = dark-green turf); 1 mm = 0.0394 inch; 1 g = 0.0353 oz.
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biostimulants were applied at 5.4,
9.0, and 2.3 mL/pot respectively,
diluted in 450 mL of irrigation water

(drench application), plus another
50 mL of water to ensure root ab-
sorption by washing off possible

biostimulant residues on the leaves.
The biostimulants B1 and B3 were
applied twice in a 2-week interval,
and the B2 biostimulant was applied
three times in a 2-week interval.
Application rates and intervals were
decided according to information on
high-input vegetable production from
the manufacturer.

Nonstressed turf was fertilized
three times during the following 6
months: on the biostimulant appli-
cation date; 10 and 20 weeks after
initial treatment (WAIT) with the
compound at 35 g�m–2. Stressed turf
was fertilized twice: on the biosti-
mulant application date; and 10WAIT
with the same compound at 17.5
g�m–2. Total applied macronutrients
in one application on the conventional
fertilization program were 16.8 g�m–2

N, 3.6 g�m–2 phosphorus (P), and
13.9 g�m–2 potassium (K); and for
the nutritional stress program, 5.6
g�m–2 N, 1.2 g�m–2 P, and 4.6 g�m–2

K. Additionally, the biostimulant B3
supplied 3.4 g�m–2 N at both applica-
tion events. Irrigation during the
study was on soil/plant demand after
measuring soil moisture content with
a WET sensor (HH2Moisture Meter;
Delta-T Devices, Burwell, UK).

The irrigation dose range was
300 to 450 mL/pot every 2 to 7 d.
Mowing was carried out at a 4-week
interval at a 13 mm height. On 17
Apr. 2014, the B1, B2, and B3 ex-
periments were exactly replicated, as
in 2013, with two additional studies
performed at the same time and only
modifying the weekly interval appli-
cation of B1 (10 instead of 2, to
extend the effect of B1 treatment
observed in 2013) and B2 application
rate (0.6 instead of 9 mL/pot, to
avoid the phytotoxicity effect ob-
served in 2013). The choice of the
0.6mL/pot rate for the additional B2
study (B2-0.6) was made after a dose
response screening experiment (data
not shown) applying 10 rates in the
range 0 to 20 mL/pot, and the rate
was chosen for the best enhancement
of turf quality with low phytotoxicity.

TURFGRASS ASSESSMENTS. Two
turfgrass characteristics were evalu-
ated weekly. Visual turf quality was
determined using a 1 to 9 scale where
1 is dead turf, 6 is acceptable quality,
and 9 is maximum quality (Christians
et al., 1979); and visual turf color
was determined using a 1 to 9 scale
where 1 is a light-green turf, and 9 is

Fig. 2. Visual quality and growth of perennial ryegrass treated twice in a 2-week
interval with the biostimulant 1 [B1 (Azobio; Biotecnolog�ıa delMediterr�aneo)] at
5.4 mL (0.18 fl oz) per pot in 2014. The same letters above each evaluation
date indicate nonsignificant differences according to Fisher’s protected least
significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B1 treatment.Untreated (U): conventional fertilization programwithout
B1 treatment. Stressed B1 (S-B1): low fertilization programwith B1 biostimulant
treatment. B1: conventional fertilization program with B1 biostimulant
treatment. Graphics A, B, C, and D include the analysis fixing fertilization factor
(uppercase letters for nutritional stress and lowercase letters for conventional
fertilization); turf quality (1 = dead turf, 9 = maximum quality); turf color
(1 = light-green turf, 9 = dark-green turf); 1 mm = 0.0394 inch; 1 g = 0.0353 oz.

Table 2. Repeated measures analysis of variance of perennial ryegrass treated
twice in a 10-week interval with the biostimulant 1 [B1 (Azobio; Biotecnolog�ıa
del Mediterr�aneo)] at 5.4 mL (0.18 fl oz) per pot in 2014.

B1

2014

Turf quality Turf color Dry wt Growth

Treatment <0.01z <0.01 <0.01 <0.01
Nutritional stress <0.01 <0.01 <0.01 <0.01
Time <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress 0.20 0.64 0.37 <0.01
Treatment · time <0.01 <0.01 <0.01 <0.01
Nutritional stress · time <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress · time <0.01 0.01 <0.01 <0.01
zSignificant tests (P < 0.05) are indicated in bold.
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a dark-green turf (Morris and Shear-
man, 1998). In 2013, color was ini-
tially evaluated after 5 WAIT when
treated turf started to differ from

untreated turf; while in 2014, it was
evaluated after 0 WAIT.

Turfgrass growth in a 4-week
interval period was evaluated six times

during the experiment. Five measure-
ments per pot were taken using
a 1-mm-accurate ruler and then turf
clippings were removed, oven dried
for 24 h at 75 �C, and weighed using
a 0.01-g-accuracy weighing scale.

STATISTICAL ANALYSIS.Data from
2013 and 2014 were analyzed sepa-
rately. The data set obtained in a
4-week interval period was subjected
to a three-way repeated measures
analysis of variance (ANOVA) to eval-
uate the effects of treatment, nutri-
tional stress, and time on turf quality,
color, growth, and clippings’ dry
weight. When a significant three-way
interaction occurred, a two-way re-
peated measures ANOVA was per-
formed using nutritional stress as
a fixed factor to evaluate the two-
way interaction of treatment · time
at each level of nutritional stress (con-
ventional or stressed). Multiple pair-
wise comparisons were executed to
determine the effect of treatment at
every level of time. Fisher’s protected
least significant difference (LSD)
test was used at the 0.05 P level to
identify significant differences dur-
ing the experiments and between
means for treatment main effect
and its interaction with time. Addi-
tionally, a weekly data set of turf
quality and color was used to per-
form the three-way repeated mea-
sures ANOVA to evaluate the initial
response of perennial ryegrass to
the B1 biostimulant. The statistical
analysis was carried out with statisti-
cal software (Statgraphics Centurion
version 18.1.12; StatPoint Technol-
ogies, Warrenton, VA).

Results and discussion

RESPONSE OF PERENNIAL RYEGRASS

TOBIOSTIMULANT1 (B1).The ANOVA
revealed nonsignificant three-way
interactions among factors in 2013

Fig. 3. Visual quality and growth of perennial ryegrass treated twice in a 10-week
interval with the biostimulant 1 [B1 (Azobio; Biotecnolog�ıa delMediterr�aneo)] at
5.4 mL (0.18 fl oz) per pot in 2014. The same letters above each evaluation
date indicate nonsignificant differences according to Fisher’s protected least
significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B1 treatment.Untreated (U): conventional fertilization programwithout
B1 treatment. Stressed B1-10 (S-B1.10): low fertilization program with B1
biostimulant treatment. B1-10: conventional fertilization program with B1
biostimulant treatment. Graphics A, B, C, and D include the analysis fixing
fertilization factor (uppercase letters for nutritional stress and lowercase letters for
conventional fertilization); turf quality (1 = dead turf, 9 = maximum quality); turf
color (1= light-green turf, 9= dark-green turf); 1mm = 0.0394 inch; 1 g= 0.0353oz.

Table 3. Repeated measures analysis of variance of perennial ryegrass treated three times in a 2-week interval with the
biostimulant 2 [B2 (Rizobacter; Biotecnolog�ıa del Mediterr�aneo)] at 9 mL (0.3 fl oz) per pot in 2013 and 2014.

B2

2013 2014

Turf quality Turf color Dry wt Growth Turf quality Turf color Dry wt Growth

Treatment 0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nutritional stress 0.03z 0.03 0.26 0.08 <0.01 0.11 <0.01 <0.01
Time <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress 0.13 0.16 0.77 0.31 <0.01 0.01 0.07 <0.01
Treatment · time <0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nutritional stress · time <0.01 <0.01 0.30 <0.01 <0.01 <0.01 0.37 0.01
Treatment · nutritional stress · time 0.09 <0.01 0.57 0.28 <0.01 <0.01 <0.01 0.01
zSignificant tests (P < 0.05) are indicated in bold.
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(Table 1). The two-way interaction
between treatment and time for dry
weight was significant (P < 0.01) and
more clippings’ dry weight was
obtained only on two of the six
sampling dates (8 and 24 WAIT)
from the B1-treated turf rather than
the untreated turf (Fig. 1D). The
treatment effect was also significant
for turf quality (P = 0.04) and turf
color (P < 0.01); treated turf had
better quality and color than un-
treated. This main factor effect
seemed to occur in the first half of
the experimental period (Fig. 1A and
B). As there was interest in finding
out the extension of the observed
effects after treatments, a repeated

measures ANOVA was performed us-
ing the available weekly data for turf
quality and color between 4 and 12
WAIT. An interaction between treat-
ment and fertilization (P < 0.05) was
obtained for turf quality, and a more
marked turf quality increase was ob-
served when turf was nutritionally
stressed than forconventional fertilization.
This finding is relevant because it
suggests A. vinelandii replaces the
nutritional role of classic mineral fer-
tilizers, at least temporarily; and, there-
fore, less mineral fertilization would be
required. In addition, the expected
significant effects of the B1 treatment
were detected between 5 and 8 WAIT
and at 12 WAIT (Fig. 1A). A three-

way interaction was obtained for turf
color (P < 0.01) when using weekly
data. Figure 1B illustrates the effect of
the B1 treatment on turf color during
the 4 to 12 WAIT period for each
fertilization level; the green color in-
crease was significant regardless of the
nutritional status. Turf growth in 2013
was unaffected by the B1 treatment
(Fig. 1C).

In 2014, the repeated measures
ANOVA (Table 1) revealed three-
way interactions for all the deter-
mined turf characteristics. Therefore,
fertilization was considered a fix fac-
tor, and a new repeated measures
ANOVA was conducted for the 2 to
11 WAIT period for turf quality and
color, and also for the whole period
for turf growth and dry clippings’
weight, with the following four find-
ings (Fig. 2). 1) With conventional
fertilization, the B1 treatment im-
proved turf quality on seven evalua-
tion dates, from 5 to 11 WAIT, while
it improved turf quality throughout
the analyzed period (2 to 11 WAIT)
under nutritional stress (Fig. 2A).
2) The B1 treatment improved turf
color throughout the period (2 to 11
WAIT) from 5.6 to 7.3 with low
fertilization, and from 6.7 to 7.8 with
conventional fertilization (Fig. 2B).
3) Turf growth (Fig. 2C) only im-
proved on one date after applying B1
with conventional fertilization, but
improved with low fertilization on
four of six dates. 4) The clippings’
dry weight yield (Fig. 2D) under
nutritional stress increased because
of B1 treatment from 0.23 to 0.55
g, and from 0.58 to 0.82 g with
conventional fertilization.

Briefly for both years, the B1
treatment effect on perennial ryegrass
was first observed at around 4 to 5
WAIT and lasted noncontinuously
for 2 to 3 months. When data were
averaged over both years, the follow-
ing improvements were noted: turf
quality from 6.0 to 6.9; turf color
from 6.4 to 7.6; and turf growth and
clippings’ dry weight increased by
21.2% and 33.9%, respectively.

When changing the B1 applica-
tion interval from 2 to 10 weeks (B1-
10), significant three-way interactions
were detected for all the evaluated
characteristics (Table 2). Therefore,
repeated measures ANOVA were
conducted with fertilization as a fix
factor. The results are shown in Fig. 3.
When B1-10 was applied under

Fig. 4. Visual quality and growth of perennial ryegrass treated three times in
a 2-week interval with the biostimulant 2 [B2 (Rizobacter; Biotecnolog�ıa del
Mediterr�aneo)] at 9 mL (0.3 fl oz) per pot in 2013. The same letters above each
evaluation date indicate nonsignificant differences according to Fisher’s protected
least significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B2 treatment.Untreated (U): conventional fertilization programwithout
B2 treatment. Stressed B2 (S-B2): low fertilization programwith B2 biostimulant
treatment. B2: conventional fertilization program with B2 biostimulant
treatment. Graphic B includes the analysis fixing fertilization factor (uppercase
letters for nutritional stress and lowercase letters for conventional fertilization).
Turf quality: 1 = dead turf and 9 = maximum quality; turf color: 1 = light-green
turf and 9 = dark-green turf; 1 mm = 0.0394 inch; 1 g = 0.0353 oz.
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conventional fertilization, an increase
in turf quality of 1.4 and 2.5 took
place at 20 and 24WAIT, respectively.

In contrast, the observed turfgrass im-
provement between 4 to 16 WAIT un-
der nutritional stress was not detected

at the end of the experimental period
(Fig. 3A). Turf color improvement
was detected in more occasions under
nutritional stress than with conven-
tional fertilization (Fig. 3B), and once
again with excellent results at 24 WAIT
(14 weeks after the second B1-10 ap-
plication). Growth and clippings’ dry
weight of B1-10-treated turf had
also improved by the end of the exper-
imental period, at 20 and 24 WAIT
with conventional fertilization, and at
16, 20, and 24WAIT under nutritional
stress (Fig. 3C and D), which may be
considered an indicator of plant health.
Figure 3 shows many significant differ-
ences for the treatment factor but not
on a continuous basis. This can be
because of the less active period for
perennial ryegrass in the warmest weeks
[July (12 to 16 WAIT)] compared
with the beginning and final weeks of
the experiment, or because the 8-week
interval application difference between
the main B1 experiment and the mi-
nor study was too long, an indica-
tion that biostimulant management is
crucial.

These results suggest the impor-
tance of establishing a biostimulant
program to obtain the best turfgrass
performance, because the B1 effect
was prolonged from 12 to 24 weeks
by simply changing the interval ap-
plication period from 2 to 10 weeks.
At the end of the study (24 WAIT),
both turf quality and color fell within
the 6.0 to 6.9 range for the B1-10-
treatment, and within the 4.4 to 6.0
range for untreated turf. Moreover,
a 29.6% growth increase and a 58.9%
clipping recovery increasewere recorded
for the B1-treated turf com-
pared with the untreated turf. An
effect of A. vinelandii inoculation
was also observed by Deli�c et al.
(2013) when reporting beneficial
effects on the yield of another Lolium
species [italian ryegrass (L. multiflo-
rum)] as N assimilation increased.
In general, the effect of B1 on pe-
rennial ryegrass quality lasted until
12 WAIT. Another application at
that point, instead of the performed
2-week interval application, pro-
longed this beneficial effect, as
the minor B1 experiment in 2014
demonstrated.

RESPONSE OF PERENNIAL RYEGRASS

TO BIOSTIMULANT 2 (B2). Table 3
shows the repeated measures ANOVA
for the B2 treatment on perennial
ryegrass. A three-way interaction was

Fig. 5. Visual quality and growth of perennial ryegrass treated three times in
a 2-week interval with the biostimulant 2 [B2 (Rizobacter; Biotecnolog�ıa del
Mediterr�aneo)] at 9 mL (0.3 fl oz) per pot in 2014. The same letters above each
evaluation date indicate nonsignificant differences according to Fisher’s protected
least significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B2 treatment.Untreated (U): conventional fertilization programwithout
B2 treatment. Stressed B2 (S-B2): low fertilization programwith B2 biostimulant
treatment. B2: conventional fertilization program with B2 biostimulant
treatment. Graphics A, B, C, and D include the analysis fixing fertilization factor
(uppercase letters for nutritional stress and lowercase letters for conventional
fertilization); turf quality (1 = dead turf, 9 = maximum quality); turf color
(1 = light-green turf, 9 = dark-green turf); 1 mm = 0.0394 inch; 1 g = 0.0353 oz.

Table 4. Repeated measures analysis of variance of perennial ryegrass treated
three times in a 2-week interval with the biostimulant 2 [B2 (Rizobacter;
Biotecnolog�ıa del Mediterr�aneo)] at 0.6 mL (0.02 fl oz) per pot in 2014.

B2

2014

Turf quality Turf color Dry wt Growth

Treatment <0.01z <0.01 <0.01 <0.01
Nutritional stress <0.01 0.01 <0.01 <0.01
Time <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress 0.15 0.43 0.04 <0.01
Treatment · time 0.01 <0.01 <0.01 0.01
Nutritional stress · time <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress · time <0.01 0.15 0.10 0.07
zSignificant tests (P < 0.05) are indicated in bold.
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detected in 2013 for turf color (P <
0.01). Therefore, fertilization was
considered a fix factor, and another
repeated measures ANOVA was

conducted. The results are shown in
Fig. 4B. The B2 biostimulant in-
creased turf color throughout the
experiment, from 7.0 to 8.2 with

conventional fertilization, and from
6.5 to 8.1 under nutritional stress.
Table 3 also shows significant effects
in 2013 for the treatment factor on
turf growth (P < 0.01) and clippings’
dry weight (P < 0.01), and the treat-
ment · time interactions were also
significant. Figure 4C and D show
that both measured characteristics
improved for almost the whole exper-
iment, with 63.0% growth and
a 78.6% clipping yield. The treatment
factor had no significant effect on turf
quality in 2013 (Table 3). The turf
quality response in 2013 was unlike
the B1 treatment because a negative
effect of B2 treatment started at 4
WAIT (Fig. 4A), being treated turf
quality 5.9, while the untreated turf
quality was 6.6. This negative effect
was caused by phytotoxicity localized
at the tip of the leaf that appeared at 1
WAIT and lasted until 16 WAIT.
Throughout this period, phytotoxic-
ity gradually declined despite reap-
pearing after every mowing. At the
end of the experimental period (20
and 24 WAIT), this negative effect
was reversed, and the B2-treated turf
quality improved, being the un-
treated turf quality at 24 WAIT 5.1
and 6.0 for the treated turf.

Phytotoxicity reappeared in
2014, which negatively affected turf
quality. Table 3 reveals the three-way
interactions for all the measured
characteristics. Therefore, the statis-
tical analysis was rerun by fixing the
fertilization factor. The results are
presented in Fig. 5. In 2014, the
beneficial effect of B2 on turf quality
under nutritional stress was observed
for almost the whole experiment (Fig.
5A). with a global average increase of
1.4 because of the B2 treatment. With
conventional fertilization, the benefit
of B2 was observed only at 12 and 24
WAIT with 1.3 and 2.1 turf quality
improvement, respectively. Turf color

Fig. 6. Visual quality and growth of perennial ryegrass treated three times in
a 2-week interval with the biostimulant 2 [B2 (Rizobacter; Biotecnolog�ıa del
Mediterr�aneo)] at 0.6mL (0.02 fl oz) per pot in 2014. The same letters above each
evaluation date indicate nonsignificant differences according to Fisher’s protected
least significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B2 treatment.Untreated (U): conventional fertilization programwithout
B2 treatment. Stressed B2 (S-B2.0.6): low fertilization program with B2
biostimulant treatment. B2-0.6: conventional fertilization program with B2
biostimulant treatment. Graphic A includes the analysis fixing fertilization factor
(uppercase letters for nutritional stress and lowercase letters for conventional
fertilization); turf quality (1 = dead turf, 9 = maximum quality); turf color (1 =
light-green turf, 9 = dark-green turf); 1 mm = 0.0394 inch; 1 g = 0.0353 oz.

Table 5. Repeated measures analysis of variance of perennial ryegrass treated twice in a 2-week interval with the biostimulant
3 [B3 (Rizosan Eco; Biotecnolog�ıa del Mediterr�aneo)] at 2.3 mL (0.08 fl oz) per pot in 2013 and 2014.

B3

2013 2014

Turf quality Turf color Dry wt Growth Turf quality Turf color Dry wt Growth

Treatment <0.01z <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nutritional stress 0.05 0.31 0.01 <0.01 <0.01 0.04 <0.01 <0.01
Time <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress 0.07 0.02 0.77 0.86 0.02 0.02 0.14 <0.01
Treatment · time <0.01 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nutritional stress · time <0.01 <0.01 0.32 <0.01 <0.01 <0.01 <0.01 <0.01
Treatment · nutritional stress · time <0.01 <0.01 0.47 0.22 <0.01 <0.01 <0.01 <0.01
zSignificant tests (P < 0.05) are indicated in bold
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improved with the B2 treatment for
conventional fertilization at 4, 8, 12,
and 24 WAIT (Fig. 5B), with a global
increment of 1.3 from 6.6 to 7.9.
Under nutritional stress, the B2 treat-
ment was even greater because it was
detected for almost the whole experi-
ment, and turf color values reached
8.1. The turfgrass growth and clip-
pings’ dry weight response due to the
B2 treatment in 2014 were similar
(Fig. 5C and D). The global average
clippings’ dry weight increases were
430.4% and 125.9% for low and con-
ventional fertilization, and with
global average growth increases of
111.8% and 34.1% for low and con-
ventional fertilization, both respectively.

Acikgoz et al. (2016) also ob-
served a slight increase in color and
amarked increase in clipping yield when
treating perennial ryegrass and tall fes-
cue with B. subtilis and B. megaterium
combined with conventional N fer-
tilizers (compared with mineral N fer-
tilization alone). The aforementioned
authors suggested that incorporating
biostimulant into a fertilization pro-
gram of the tested turfgrass species
could reduce the applied N dose,
especially during the post-stress re-
cuperative period.

The results obtained with the B2
treatment were more consistent than
the B1 treatment across both years.
This can be explained by B1

containing only one microorganism,
and by B2 being a mixture of four
different microorganisms, including
Bacillus and Pseudomonas, which are
among the most important plant
growth-promoting rhizobacteria
(Podile and Kishore, 2007). The bio-
stimulant B2 was better capable than
B1 of improving microorganism-turf-
grass relations under nutritional
stress. This statement is supported
by Zhang et al. (2013a), who
reported that the presence of multiple
and diverse microbes can lead to
versatility and environmental toler-
ance because they might respond
differently to a given environmental
change, which would result in the
equilibrium of N-cycling processes.

The observed phytotoxicity could
be related to application procedures,
for example dose, application timing
according to stress, foliar/root appli-
cation, mowing procedure around
application day, and so forth. A 9-
mL/pot rate is a very high application
dose, and a lower dose could improve
turf quality by not leading to the
observed phytotoxicity. When apply-
ing 0.6 mL of B2 per pot instead of 9
mL (Table 4), a three-way interaction
for turf quality was detected (P <
0.01). In this case, the analysis was
rerun by fixing the fertilization factor.
The results are shown in Fig. 6A;
under nutritional stress, the B2-0.6
treatment improved turf quality from
4 to 24 WAIT, with a global average
increment of 1.5. With conventional
fertilization, turf quality increased
only on two dates: 2.0 at 8 WAIT
and 2.1 at 24 WAIT. Table 4 shows
how the treatment factor had a signif-
icant effect on turf color (P < 0.01),
while Fig. 6B depicts the effect of B2-
0.6 treatment over time. The B2-0.6
treatment improved turf color from 4
to 24 WAIT. The increment was 1.1,
which was a global data average. In
addition, a two-way interaction be-
tween treatment and fertilization fac-
tors was detected for growth (P <
0.01) and clippings’ dry weight (P =
0.04). The results in Fig. 6C and D
show that both measured turf charac-
teristics improved with B2-0.6 treat-
ment from 4 to 24 WAIT, and this
increment was even bigger under
nutritional stress. Growth increment
with conventional fertilization was
5.8% and 59.6% for clipping yield,
and it was 62.1% and 208.7% under
nutritional stress, both respectively.

Fig. 7. Visual quality and growth of perennial ryegrass treated twice in a 2-week
interval with the biostimulant 3 [B3 (Rizosan Eco; Biotecnolog�ıa del
Mediterr�aneo)] at 2.3mL (0.08 fl oz) per pot in 2013. The same letters above each
evaluation date indicate nonsignificant differences according to Fisher’s protected
least significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B3 treatment.Untreated (U): conventional fertilization programwithout
B3 treatment. Stressed B3 (S-B3): low fertilization programwith B3 biostimulant
treatment. B3: conventional fertilization program with B3 biostimulant
treatment. Graphics A and B include the analysis fixing fertilization factor
(uppercase letters for nutritional stress and lowercase letters for conventional
fertilization); turf quality (1 = dead turf, 9 = maximum quality); turf color (1 =
light-green turf, 9 = dark-green turf); 1 mm = 0.0394 inch; 1 g = 0.0353 oz.
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The B2-0.6 study (Fig. 6) dem-
onstrated a dose-response effect com-
pared with the main B2 study [9 mL/
pot (Figs. 4 and 5)]. At 8 WAIT,
during the mid-B2 best effect period,
turf quality improved from 7.0 to 8.4
(Figs. 5A vs. 6A) because only a few
phytotoxicity symptoms were ob-
served at 0.6 mL/pot. Turf color
declined from 8.5 to 7.9 (Figs. 5B
vs. 6B). Less growth was measured
with 190.3 vs. 125.3 mm (Figs. 5C
vs. 6C); clippings’ dry weight values
were lower, with 2.1 vs. 0.8 g (Figs.
5D vs. 6D).

Despite lowering the dose from
9 to 0.6 mL/pot, the response of the
B2-treated turf was greater than on
the untreated turf for all the assess-
ments made for almost the whole
experiment (Fig. 6). The origin of
phytotoxicity could not be deter-
mined. It is believed that A. vinelan-
dii could not produce phytotoxicity
because the bacterium was applied at
a lower concentration than in the safe
B1 treatment. No reports on phyto-
toxicity were found with the other
bacteria in the mixture (Bacillus sp.
and P. fluorescens), the extensive re-
port on plant growth-promoting
rhizobacteria by Ruzzi and Aroca
(2015), and in the biostimulant turf-
grass review by Calvo et al. (2014).
Perhaps the origin of phytotoxicity
could be the large applied dose, to-
gether with three applications in 1
month, instead of two applications in
1 month, as in the B1 treatment.

RES PON S E O F P ER ENN I A L

RYEGRASS TO BIOSTIMULANT 3 (B3).
A repeated measures ANOVA was
conducted to unveil the effect of B3
on perennial ryegrass (Table 5).
Three-way interactions were detected
for turf quality (P > 0.01) and color
(P < 0.01) in 2013. As a result, the
fertilization factor was fixed, and the
ANOVA was rerun. The results are
shown in Fig. 7A and B. For conven-
tional fertilization, turf quality in-
creased between 8 and 20 WAIT,
with a global average improvement
of 0.7. For low fertilization, better
turf quality started at 4 WAIT, with
a global increase of 1.3. Turf color
was enhanced at 8 WAIT, and from
16 to 24 WAIT for conventional
fertilization, with a global improved
average of 1.1. Under nutritional
stress, a global average improvement
of 1.8 was obtained throughout the
experimental period. The treatment

factor was significant in 2013 for turf
growth (P < 0.01) and clippings’ dry
weight (P < 0.01). The B3 treatment
led to 20.6% growth and 62.3% clip-
pings’ dry weight increments (Fig. 7C
and D). In 2014, three-way interac-
tions were detected for all the assess-
ments. As a result, the statistical
analysis was conducted again by fixing
the fertilizing factor (Fig. 8). Turf
quality and color increased after the
B3 treatment (Fig. 8A and B) and
became more evident under nutri-
tional stress (1.7 for both assessments)
than for conventional fertilization
(0.8 for turf quality and 1.1 for turf
color). Similarly, turf growth and
clippings’ dry weight (Fig. 8C and

D) also improved with the B3 treat-
ment, with 23.0% and 125.9% for
conventional fertilization, and 87.4%
and 391.3% for low fertilization, both
respectively. For 2013–14, the B3-
treated turf generally showed better
quality, a darker green color, and
more growth and clipping yield than
the untreated turf. We are not certain
about the extent to which the B3
effect was due to either amino acid
content or other compounds in the
mixture. Kauffman et al. (2007)
reported beneficial effects for a foliar
amino acid-based biostimulant on
perennial ryegrass under heat stress,
which suggests that amino acids are
advantageous under abiotic stresses,

Fig. 8. Visual quality and growth of perennial ryegrass treated twice in a 2-week
interval with the biostimulant 3 [B3 (Rizosan Eco; Biotecnolog�ıa del
Mediterr�aneo)] at 2.3mL (0.08 fl oz) per pot in 2014. The same letters above each
evaluation date indicate nonsignificant differences according to Fisher’s protected
least significant difference test (P < 0.05) to identify significant differences among
means for treatment effect. Stressed untreated (S-U): low fertilization program
without B3 treatment.Untreated (U): conventional fertilization programwithout
B3 treatment. Stressed B3 (S-B3): low fertilization programwith B3 biostimulant
treatment. B3: conventional fertilization program with B3 biostimulant
treatment. Graphics A, B, C, and D include the analysis fixing fertilization factor
(uppercase letters for nutritional stress and lowercase letters for conventional
fertilization); turf quality (1 = dead turf, 9 = maximum quality); turf color (1 =
light-green turf, 9 = dark-green turf); 1 mm = 0.0394 inch; 1 g = 0.0353 oz.
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and/or an an application (foliar)
method is likewise gainful. Mahdavi
et al. (2017) also reported that the
average performance ratings on pe-
rennial ryegrass treated with amino
acid glycine betaine were significantly
higher than in the untreated con-
trols. This beneficial effect cannot
be explained by the presence of ex-
ogenous microorganisms as in B1
and B2. The biostimulant herein
employed (B3) did not contain N2-
fixing microorganisms—rather N,
micronutrients, polysaccharides, and
free amino acids. The total N applied
with the B3 biostimulant throughout
the experiment was only 1.2 g�m–2,
while N reduction from the conven-
tional to the stressed program was
39.2 g�m–2 (50.4 vs. 11.2 g�m–2, re-
spectively). Therefore, the improve-
ment observed for the B3-treated
stressed turf can be associated with
the combination of all the com-
pounds in the mixture, rather than
with the B3 N content.

The benefits observed for peren-
nial ryegrass during the study were
obtained under greenhouse condi-
tions and using high biostimulant
doses. The application procedure is
critical, and it is strongly dependent
on the application dose, the timing of
applications, and other untested fac-
tors, such as soil nutritional status or
application type (soil vs. foliar). In-
tegration with turf management prac-
tices (mowing, irrigation, etc.) could
also be decisive for turfgrass quality
and growth. Despite these determin-
ing factors, the overall conclusion of
this study is that the tested biosti-
mulants increased turfgrass quality
despite the reduction in mineral fer-
tilization. In fact, biostimulants’ re-
sponse was more marked under
nutritional stress, which entails the
possibility of reducing mineral fertil-
ization. The results herein reported
show that these biostimulants are
a useful tool for high-input turfgrass
management, which could greatly
benefit the environment. Neverthe-
less, it is necessary to conduct field
studies to validate these preliminary
findings.
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