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SUMMARY. The objective of this research was to study the effect of different nitrogen
(N), phosphorus (P), and potassium (K) rates on growth and nutrient content of
hybrid bermudagrass (Cynodon dactylon · C. transvaalensis) grown in pots for
nursery purposes (producing stolons to obtain one-node sprigs to be used as
propagation material). Starting from control N, P, and K rates (314, 52, and
198 mg�LL1 substrate, respectively), each element was reduced to zero, halved,
doubled, or tripled while the other two were kept unchanged (13 treatments in all).
As expected, N, P, and K proved to be necessary for plant growth and development.
In fact, when one element was not supplied, plants showed reduced growth and
pale-green color. The dry weight of aerial part (shoots plus stolons) was mainly
affected by N and increased along with this element with a nonlinear less than
proportional trend. Phosphorus had a larger effect than N or K on the number of
primary stolons, which varied along with P rate fitting a nonlinear regression model.
Potassium rate influenced the characteristics of primary stolons (length, number of
nodes, and ramifications) more than N or P. A significant linear regression was
observed for the number of ramifications (secondary stolons), while stolon length
and the number of nodes fit a nonlinear regression model. Plant growth response to
the imposed rates revealed the possibility to halve N or P in respect to control rates,
while for K the control rate proved to be necessary. In fact, when K rate was halved,
the number of nodes, which is a main parameter for nursery purposes, significantly
decreased. Half N, half P, and control K rates also ensured a satisfactory plant
mineral composition, consistent with values previously reported for bermudagrass.
Potassium competition with both calcium and magnesium was observed. Nitrogen,
P, or K rates higher than the respective controls are not advisable since they did not
enhance plant growth or mineral content.

N
itrogen, P, and K are the pri-
mary nutrients to be supplied
to turfgrass through fertilizer

application (Beard, 1973; Turgeon,
2007). Nitrogen, being the nutrient
required in greatest amounts by turf-
grass, is the basic element of turf
fertilization programs. It has a major
influence on shoot, root, rhizome, and
stolon growth; turf density and color;
cold tolerance; and drought resistance
(Beard, 1973; Carrow et al., 1987;

Trenholm et al., 1998). Symptoms of
N deficiency appear first in older leaves,
which gradually lose green color
(Christians, 1998); plants show a non-
healthy appearance, with short and
thin leaf blades and stolons (Oertli,
1963). Conversely, overapplication of
N promotes excessive shoot growth
and results in poor root and stolon de-
velopment (Pettit and Fagan, 1974).
Potassium is second only to N in the
amounts required to sustain turfgrass

quality and growth. Various studies
have focused on the importance of
adequate K fertilization to maintain
turfgrass quality, enhance root growth
and cold hardiness, and improve disease
resistance and tolerance to drought,
heat, and wear (Beard, 1973; Turner
and Hummel, 1992). Potassium de-
ficiencies in turfgrass result in a general
reduction in growth, chlorosis of leaf
blades, and increased disease incidence,
while excessive K fertilization can re-
duce calcium (Ca) and magnesium
(Mg) in plant tissues (Miller, 1999;
Snyder and Cisar, 2000). The K rate
normally recommended for turfgrass
ranges between one-half and two-
thirds the N rate (Sartain, 2002;
Snyder and Cisar, 2000), although in
recent years the trend for turf man-
agers to fertilize with K in amounts
equal or even exceeding those of N has
been observed (Snyder et al., 2007).
Turfgrass generally does not have high
P requirements, but P deficiencies may
be observed during establishment
due to limited root development and
relative P immobility in some soils
(Rodriguez et al., 2002). Main symp-
toms of P deficiency are purple discol-
oration of leaf blades and shorter
internodes. No symptoms of P excess
are described for turfgrass.

Nutrient requirement or status of
plants can be assessed by tissue anal-
ysis (Hochmuth et al., 2012; Smith,
1962). Also in turf species, plant anal-
ysis may help to diagnose possible
nutritional disorders and to monitor
the effectiveness of a fertility program
(Landschoot, 2003; McCrimmon,
2001).

Several studies report nutrient
data for warm season turfgrass includ-
ing bermudagrass (Cynodon sp.), the
most widely used species for golf
courses, sport fields, and home lawns
in many transition zones in the world
(Wu et al., 2009). Mineral composi-
tion of bermudagrass was studied
by Barrios et al. (1979), Barrios and
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Jones (1980), Goatley et al. (1994),
McCrimmon (2001), Peacock (2001),
Peacock et al. (1997), Petrovic et al.
(2005), Snyder and Cisar (2000), and
Walworth and Kopec (2004) with
different results depending on the
cultivar and on different nutrient sour-
ces and rates. All cited studies refer to
field conditions, while no data are
available on nutrient needs and min-
eral composition of bermudagrass in
the nursery.

A new nursery activity has been
recently developed for stoloniferous
turfgrass since an innovative technique
for establishment of warm season spe-
cies, based on the transplant of single
prerooted plantlets in peat plugs, has
been introduced (Volterrani et al.,
2008) (Fig. 1). The use of plug plants
shows several advantages: easy trans-
port, long preplanting life, availability
of transplanting machines, ease and

versatility of transplant, even on no-
tilled soil. The technique is particularly
useful for noninvasive putting green
conversion, since the use of plants with
fully developed root systems and ac-
tively growing shoots enhances their
colonization potential and minimizes
the effects of no-tillage conversion
(Volterrani et al., 2012). The nursery
activity is carried out under controlled
environment (greenhouse), where
plants are cultivated in pots filled with
peat with the aim to produce stolons
(donor plants); stolons are divided in
one-node sprigs, and the harvested
sprigs are grown in alveolate trays until
complete plantlets are formed (Lenzi
et al., 2012) (Fig. 1). Obviously, do-
nor plants are expected to produce as
many stolons as possible, and stolons
should be well-developed and con-
tain many nodes. These goals as well
as the cultivation system (greenhouse,

pot-grown plants) imply different fer-
tilization management in respect to
turf fertilization programs. In gen-
eral, greenhouse crops are intensive
growing systems that involve higher
fertilizer inputs than open-field crops
(Sonneveld, 1993). Moreover, fertilizer
demand is influenced by pot cultiva-
tion. In fact, when plants are container-
grown, the limited volume of substrate
available for roots in comparison with
the volume explored by soil-grown
plant roots means limited supply of
nutrients (Raviv et al., 2002). In addi-
tion, in growing media normally used
for container cultivation, included or-
ganic substrates such as peat, the amount
of naturally occurring available nutri-
ents is small (Dresbøll, 2004; Raviv
et al., 1986).

The objective of this research was
to study the effect of different N, P,
and K rates on the growth and the

Fig. 1. Nursery production and use of warm season prerooted plug plants in turfgrass industry: (A) donor plants, (B) stolon
collection, (C) stolon division, (D) stolon planting, (E) stolon rooting, (F) rooted plantlet, (G) transplant, (H) establishment,
and (I) total groundcover on football pitch.
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nutrient content of hybrid bermuda-
grass plants grown in pots as donor
plants in the nursery.

Materials and methods
PLANT MATERIAL, GROWING CON-

DITIONS, AND EXPERIMENTAL TREAT-

MENTS. A study was conducted in the
greenhouse at Pacini Horticultural
Nursery located in Rigoli (Pisa), central
Italy (lat. 45�45#N, long. 10�26#E,
6 m elevation) under 22 ± 3 �C mini-
mum air temperature range, 42 ± 3 �C
maximum air temperature range,
56.6% average relative humidity, and
natural sunlight. On 7 June 2011,
plants derived from one-node sprigs of
‘Patriot’ bermudagrass, a recently de-
veloped high-quality hybrid cultivar
(Taliaferro et al., 2006), were trans-
planted into plastic pots (17-cm deep,
20-cm diameter, 3.8-L volume) plac-
ing three plants per pot. Plants were
composed by one stolon 10–12 cm
long and one shoot 3–5 cm high. A
nonamended, nonfertilized sphagnum
peat was used as substrate after being
adjusted to pH 5.9 with calcium oxide
(2.5 g�L–1) and fertilized with mac-
ronutrients and micronutrients. Ni-
trogen, P, and K were supplied at
different rates. Nitrogen was supplied
as ammonium nitrate (34.0% N), P as
triple superphosphate (20.1% P), and
K as potassium sulfate (42.3% K). As
control rates, N, P, and K levels nor-
mally imposed by the nursery to ber-
mudagrass donor plants (314, 52, and
198 mg�L–1 substrate, respectively)
were adopted. Starting from the con-
trol rates, each element was reduced to
zero, halved, doubled, or tripled while
the other two were kept unchanged
(13 treatments in all). Fertilization
treatments and corresponding N, P,
and K rates are listed in Table 1.
Magnesium and micronutrients [iron
(Fe), copper (Cu), molybdenum (Mo),
manganese (Mn), boron (B), and zinc
(Zn)] were supplied at only one rate
adding to the substrate: 732 mg�L–1

magnesium sulfate (9.8% Mg), 14
mg�L–1 iron chelate (6.0% Fe), 7.8
mg�L–1 copper sulfate (23.0% Cu),
4 mg�L–1 sodium molybdate (39.6%
Mo), 2.7 mg�L–1 manganese sulfate
(32.5% Mn), 2.7 mg�L–1 borax (11.3%
B), and 0.8 mg�L–1 zinc sulfate hepta-
hydrate (22.7% Zn).

Pots were arranged in a completely
randomized design with four pots per
treatments. During the trial, plants
were manually irrigated as necessary.

DATA COLLECTION AND STATIS-

TICAL ANALYSIS. After 1 month of
growth in pots, stolons were devel-
oped enough to be used for propaga-
tion and plants were harvested. The
following data were collected from
each pot: dry weight (after oven-
drying at 80 �C until constant weight)
of aerial part (shoots plus stolons);
number of primary stolons; and, on
three primary stolons per pot, length,
number of nodes, and number of sto-
lons developing from the nodes (ram-
ifications or secondary stolons). In
addition, aerial dry matter of three pots
per treatment was analyzed for N, P, K,
Ca, Mg, sulfur (S), Fe, Mn, and Zn
content. Nitrogen and S were deter-
mined using a Flash Elemental Analyzer
1112 NC (Thermo Fisher Scientific,
Waltham, MA) according to the man-
ufacturer’s instructions. The other min-
eral elements (P, K, Ca, Mg, Fe, Mn,
and Zn) were extracted by nitric/
perchloric acid digestion (Manzelli
et al., 2010) and measured by induc-
tively coupled argon plasma emission
spectroscopy (IRIS Intrepid II XSP
Radial, Thermo Fisher Scientific).

Data were analyzed separately for
N, P, or K. Regression analysis was
adopted and the coefficients of deter-
mination (R2) were calculated. When
treatment effect was significant, means
were separated using the Tukey’s test.

Results and discussion
PLANT GROWTH. As expected, N,

P, and K proved to be all necessary for
the growth and the development of
‘Patriot’ hybrid bermudagrass grown
in the nursery. In fact, when not sup-
plied with N, P, or K, plants showed
a general reduction in growth and pale
green color. Nevertheless, the assessed
parameters exhibited a different re-
sponse to increasing rates of nutrients
depending on the element.

The role of N fertilization in
enhancing the production of above-
ground matter in bermudagrasses is
widely known (Overman et al., 1990;
Sartain and Dudeck, 1982; Snyder and
Cisar, 2000; Stanford et al., 2005;
Trenholm et al., 1998). In this study,
N rate influenced aerial dry weight,
the number of primary stolons, and
their ramifications, but not their length
or their number of nodes (Table 2).
On the contrary, other authors found
an increasing effect of N on stolon
length of ‘Tifdwarf’ (Stanford et al.,
2005; Trenholm et al., 1997) and

‘Floradwarf ’ (Trenholm et al.,1997)
bermudagrass.

Aerial dry weight increased with
increasing N rate with a nonlinear less
than proportional trend (Table 2). As
shown by R2 values, N exhibited
a greater effect on this parameter than
P or K (Table 2). In absence of N
fertilization (zero N rate) aerial dry
weight was significantly lower than
with any other N rates, and increased
by 144% passing from zero N to half
N rate; its highest value was obtained
with triple N rate, that was not dif-
ferent from double N and control rate
(Table 2). The number of primary
stolons was negatively affected by the
absence of N fertilization (zero N rate),
while no differences were observed
among the other N rates despite a sig-
nificant nonlinear regression (Table 2).
The number of secondary stolons in-
creased along with N increase fitting
a linear regression model, but only the
difference between zero N and triple
N was significant (Table 2). Trenholm
et al. (1997) found both linear and
quadratic components of N in the re-
sponse model for the number of stolons
produced by hybrid bermudagrasses.

As observed by Guertal (2006),
although P is one of the nutrients
most commonly applied to turfgrass,
research on it is somewhat limited.
This author found that shoot density
and clipping dry weight of ‘TifEagle’
bermudagrass increased linearly with
increasing P rate (32, 64, 96, 128 kg�ha–1

P). On the contrary, Rodriguez et al.
(2002) obtained an increase in cover

Table 1. Nitrogen (N), phosphorus
(P), and potassium (K) rates applied
to ‘Patriot’ hybrid bermudagrass
grown in pots.

Fertilization
treatments

Rate
(mg�LL1 substrate) z

N P K

Control 314 52 198
Zero N 0 52 198
Half N 157 52 198
Double N 628 52 198
Triple N 942 52 198
Zero P 314 0 198
Half P 314 26 198
Double P 314 104 198
Triple P 314 156 198
Zero K 314 52 0
Half K 314 52 99
Double K 314 52 396
Triple K 314 52 594
z1 mg�L–1 = 1 ppm.
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rate and shoot weight during the
establishment of four hybrid ber-
mudagrass cultivars passing from
1N:0P:0.66K or 1N:0P:1.41K to
1N:0.17P:0.66K fertilization ratio,
but further increasing of P rate to
1N:0.39P:0.66K or 1N:0.57P:0.66K
ratios did not produce additional en-
hancement or even caused a decrease
in plant growth. In this study, aerial
dry weight, the number and the length
of primary stolons, and the number of
secondary stolons were influenced by
P rates. They varied with increasing P
according to a nonlinear regression
model and showed an initial increase
followed by a decrease (Table 2). The
increase that occurred passing from
zero P rate to half P was significant
for all the P-influenced parameters
(Table 2). The highest values were
observed with half P rate for both
aerial dry weight, with no difference
compared with control and double P
rate, and the number of secondary
stolons, which did not varied further
with higher P rates (Table 2). The
highest number of primary stolons
was obtained with control P rate, but
without differences as compare with
half P and double P rate, and the
longest stolons derived from double
P rates, but without differences com-
pared with half P, control, and triple
P (Table 2). Phosphorus had a larger
effect than N and K on the number of
primary stolons, as shown by R2 values
(Table 2).

In a field study conducted by
Peacock et al. (1997) growth rates of
‘Tifgreen’ bermudagrass were unaf-
fected by K fertilization. In contrast,
in the absence of any K application,
Sartain (2002) and Snyder and Cisar
(2000) noticed a reduction in ber-
mudagrass growth; however, above a
threshold rate, K did not produce any
additional growth. In this study the
absence of K caused a decrease in all
measured growth parameters, while
no differences were noticed among
the other K rates except for the num-
ber of nodes (Table 2). In studies that
are aimed to turf fertilization manage-
ment this parameter is not evaluated,
while it is very important for nursery
purposes. The highest number of
nodes was obtained with control K
rate, which was comparable to only
double K (Table 2). The values of R2

showed that K affected the charac-
teristics of primary stolons (length,
number of nodes, and ramifications)

more than N and P (Table 2). The
variation, due to K rate, of aerial dry
weight, primary stolon length, and
nodes fits a nonlinear regression model,
while the number of both primary and
secondary stolons increased with in-
creasing K rate according to a linear
regression model (Table 2). Trenholm
et al. (1997, 1998) found both no
effect and linear and/or quadratic com-
ponents in the response of bermuda-
grass to K rate depending on cultivar
and daylength. In cultivar FloraDwarf,
shoot and stolon growth, stolon num-
ber, and stolon length were unaffected
by K rates under long-day (>13 h)
while a linear effect of K was observed
under short-day (<13 h); for the same
parameters, cultivar Tifdwarf showed
a linear response to increasing K rates
under long-day and both linear and
quadratic effect under short-day
(Trenholm et al., 1997, 1998).

NUTRIENT CONTENT. Tissue nu-
trient concentration in ‘Patriot’ hy-
brid bermudagrass grown in pots was
affected by N, P, and K rates. Since no
information is available about ber-
mudagrass elemental composition in
nursery conditions, representative
sufficiency ranges as presented by
McCrimmon (2001) and Jones et al.
(1991) for this species in field condi-
tions were considered in the present
study for macronutrients and micro-
nutrients, respectively (Table 3). The
analyzed micronutrients (Fe, Mn, and
Zn) resulted within the stated suffi-
ciency ranges at any applied fertiliza-
tion treatment, while insufficient levels
were sometimes detected for macro-
nutrients (Tables 4 and 5).

When N was not provided (zero
N rate), N, K, and Mg concentrations
in plant tissue were below the stated
sufficiency ranges; magnesium con-
centration was below the sufficiency

range also when N rate was tripled,
while Ca concentrations did not reach
the stated sufficiency range irrespec-
tive of the N rate applied (Table 4).
All the nutrients whose tissue con-
centration was influenced by N fertil-
ization (N, K, Mg, Mn, and Zn)
varied with increasing N according
to a nonlinear regression model: ni-
trogen, K, and Mg increased signifi-
cantly passing from zero N to control
rate and did not show any further
increase; Mn and Zn concentrations
were significantly higher when con-
trol rate was applied in comparison
with both lower and higher N rates
(Tables 4 and 5). As obvious, tissue N
content was especially affected by N
rate (R2 = 0.922), but also Mn con-
centration was influenced by N more
than by P or K (Tables 4 and 5).
Nitrogen rate did not affect P, Ca, S,
and Fe (Tables 4 and 5).

Phosphorus rate influenced the
tissue content of all the analyzed
nutrients except for Ca and Fe (Tables
4 and 5). The variation of N fit a linear
regression model, while the other P-
influenced nutrients changed accord-
ing to a nonlinear regression model
(Tables 4 and 5). Plants that were not
supplied with P (zero P rate) showed
a significant reduction in N concen-
tration compared with plants fertil-
ized with double P and triple P rates
(Table 4). Phosphorus content in
control plants was significantly higher
than in plants not supplied with P or
fertilized with half P rate, but signif-
icantly lower compared with double
P rate (Table 4). When P was not
provided, K concentration was signif-
icantly lower than that observed with
any other P rate (Table 4). Differences
were noticed between zero P rate and
control, double, and triple P rates, and
between half P and double P in Mg

Table 3. Representative sufficiency ranges for macronutrient and micronutrient
content in bermudagrass tissue.

Nutrient Range Reference

Nitrogen 2.0–5.0 % dry matter McCrimmon (2001)
Phosphorus 0.2–0.5
Potassium 2.0–5.0
Calcium 0.5–1.5
Magnesium 0.2–0.5
Sulfur 0.2–0.5
Iron 5–350 ppmz dry matter Jones et al. (1991)
Manganese 25–300
Zinc 25–300
z1 ppm = 1 mg�kg–1.
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concentration (Table 4). Control
plants and plants supplied with double
P rate showed a significantly higher S
concentration than plants that were
not provided with P (Table 4). Con-
trol P rate resulted also in higher Mn
concentration than half P rate and
higher Zn concentration compared
with any other P rate (Table 5). Ca
concentrations did not reach the
stated sufficiency range irrespective
of the P rate applied, and other values
below the sufficiency range were
observed for P, K, and Mg when P
was not provided, and for Mg when
P was halved in respect to the control
rate (Table 4). As obvious, tissue P
content was especially affected by P
rate (R2 = 0.932), but also S concen-
tration was influenced by P more than
by N or K (Table 4).

Nitrogen, S, and Fe concentra-
tions in plant tissue were unaffected
by K rates, while significant effects were

observed for all the other analyzed
elements (Tables 4 and 5). Phospho-
rus, Ca, and Mg decreased with in-
creasing K rates according to a linear
regression model (Table 4). For P,
a significant difference was detected
between zero and double K rates; zero
K rate differed from double and triple
K in Ca concentration; magnesium
concentration in plants not supplied
with K was higher than in plants pro-
vided with control, double, and triple
K rates, and half K differed from triple
K rate (Table 4). Potassium competi-
tion with both Ca and Mg was pre-
viously observed in bermudagrass by
Miller (1999). The zero K rate was the
only treatment in the whole experiment
to ensure a Ca concentration within the
stated sufficiency range. Nevertheless,
no symptoms of Ca deficiency were
observed in this study. That could
suggest that the representative suf-
ficiency ranges for Ca as presented

by McCrimmon (2001) are possibly
too high. In fact, McCrimmon, who
reported the mineral composition of
12 bermudagrass cultivars under dif-
ferent N:K treatments, found lower
Ca values in most cases. Moreover,
according to Turgeon (2007), Ca is
absorbed by turfgrass at levels equal
to or even below those of P, that is,
usually, not over 0.5%.

Potassium, Mn, and Zn varied
with increasing K according to a non-
linear regression model (Tables 4
and 5). Potassium concentration was
below the sufficiency range in plants
not supplied with K (zero K rate) and
significantly increased passing to con-
trol rate, but did not show further in-
crease (Table 4). Manganese and Zn
concentrations were higher when con-
trol rate was applied in comparison
with both lower and higher K rates
(Table 5). On the basis of R2 values, K
was the nutrient showing the main

Table 4. Macronutrient [nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S)]
content in aerial part of ‘Patriot’ hybrid bermudagrass plants subjected to different N, P, and K rates. Values are means (± SE)
of three replications.

Nutrient Rates

N P K Ca Mg S

[mean ±SE (% dry matter)]

N Zero N 1.63 ± 0.17 bz 0.37 ± 0.02 1.94 ± 0.08 b 0.35 ± 0.04 0.15 ± 0.01 b 0.36 ± 0.08
Half N 3.59 ± 0.30 a 0.47 ± 0.03 2.86 ± 0.13 a 0.40 ± 0.02 0.23 ± 0.01 a 0.56 ± 0.04
Control 3.71 ± 0.25 a 0.41 ± 0.06 2.84 ± 0.11 a 0.41 ± 0.03 0.24 ± 0.02 a 0.49 ± 0.01
Double N 4.18 ± 0.08 a 0.47 ± 0.04 2.74 ± 0.06 a 0.34 ± 0.03 0.21 ± 0.02 ab 0.46 ± 0.06
Triple N 4.17 ± 0.01 a 0.45 ± 0.02 2.48 ± 0.06 a 0.34 ± 0.01 0.19 ± 0.00 ab 0.48 ± 0.02
Rate effectz ** NS ** NS ** NS

Linear regressionz
NS NS NS NS NS NS

Nonlinear regressionz ** NS ** NS ** NS

R2 0.922 0.360 0.874 0.387 0.747 0.464

P Zero P 3.18 ± 0.11 b 0.14 ± 0.01 c 1.91 ± 0.14 b 0.30 ± 0.05 0.15 ± 0.03 c 0.34 ± 0.02 b
Half P 3.65 ± 0.17 ab 0.26 ± 0.03 c 2.55 ± 0.11 a 0.40 ± 0.03 0.18 ± 0.01 bc 0.41 ± 0.03 ab
Control 3.71 ± 0.25 ab 0.41 ± 0.06 b 2.84 ± 0.11 a 0.41 ± 0.03 0.24 ± 0.02 ab 0.49 ± 0.01 a
Double P 4.08 ± 0.12 a 0.58 ± 0.01 a 2.94 ± 0.12 a 0.41 ± 0.00 0.26 ± 0.00 a 0.53 ± 0.05 a
Triple P 3.99 ± 0.18 a 0.55 ± 0.02 ab 3.03 ± 0.04 a 0.36 ± 0.01 0.24 ± 0.01 ab 0.44 ± 0.03 ab
Rate effect * ** ** NS ** **
Linear regression ** NS NS NS NS NS

Nonlinear regression NS ** ** NS ** *
R2 0.630 0.932 0.870 0.514 0.764 0.724

K Zero K 3.90 ± 0.14 0.55 ± 0.03 a 1.78 ± 0.21 b 0.54 ± 0.02 a 0.31 ± 0.01 a 0.58 ± 0.06
Half K 3.91 ± 0.11 0.51 ± 0.01 ab 2.60 ± 0.06 a 0.40 ± 0.01 ab 0.26 ± 0.02 ab 0.46 ± 0.02
Control 3.71 ± 0.25 0.41 ± 0.06 ab 2.84 ± 0.11 a 0.41 ± 0.03 ab 0.24 ± 0.02 bc 0.49 ± 0.01
Double K 3.93 ± 0.01 0.37 ± 0.01 b 3.06 ± 0.09 a 0.31 ± 0.01 b 0.21 ± 0.00 bc 0.46 ± 0.02
Triple K 3.87 ± 0.02 0.44 ± 0.04 ab 2.96 ± 0.07 a 0.35 ± 0.06 b 0.20 ± 0.02 c 0.49 ± 0.02
Rate effect NS * ** ** ** NS

Linear regression NS * NS ** ** NS

Nonlinear regression NS NS ** NS NS NS

R2 0.153 0.676 0.877 0.752 0.803 0.481
zFor each nutrient, means in the same column followed by different letters are significantly different (Tukey’s test): * = significant for P £ 0.05, ** = significant for P £ 0.01,
NS = nonsignificant.
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effect not only on K concentration in
plant tissues, but also on their Ca, Mg,
and Zn contents (Tables 4 and 5).

Most of the studies about the
mineral composition of bermudagrass
concern N, P, and K levels. Nitrogen
content detected in this study was
consistent with that found by several
authors in bermudagrass turf clip-
pings obtained under field conditions
(Barrios et al., 1979; Goatley et al.,
1994; Peacock, 2001; Petrovic et al.,
2005;Snyder and Cisar, 2000;Walworth
and Kopec, 2004).

The foliage of adequately fertil-
ized turfgrass usually contains about
10% as much P as N (Snyder et al.,
2007), and P absolute concentration
of dried turfgrass clippings is usually
less than 0.5% (Mc Crimmon, 2001;
Petrovic et al., 2005; Turgeon, 2007;
Walworth and Kopec, 2004). In this
study, P content in aerial part of

‘Patriot’ hybrid bermudagrass ranged
from 7% to 14% of N content with the
exceptions of plants not provided
with P (4% as much P as N) or with
N (23% as much P as N). Phosphorus
content above 0.5% was detected in
plants fertilized with double and tri-
ple P rates, zero K, and half K.

Although in turfgrass tissue K
levels may reach up to 5% of dry
weight where liberal quantities have
been supplied through fertilization,
normal percentages are about half
that much (Turgeon, 2007), corre-
sponding about to half N percentage
(Snyder et al., 2007). In many studies
on bermudagrass, K levels in clippings
were close to 2% or slightly lower
(Barrios et al., 1979; Goatley et al.,
1994; McCrimmon, 2001; Peacock,
2001; Petrovic et al., 2005; Snyder
and Cisar, 2000; Walworth and Kopec,
2004). Potassium content found in

‘Patriot’ hybrid bermudagrass ranged
on average from 1.78% to 3.06%, but
values lower than 2% were detected
only in plants not supplied with N, P,
or K. These plants excluded, ‘Patriot’
contained from 59% to 80% as much
K as N. This result may indicate that
stolons, which represented the preva-
lent material in the samples analyzed in
this study, contain higher K amounts
than leaves, prevailing in clippings.

Conclusion
On the basis of the growth re-

sponse of ‘Patriot’ hybrid bermuda-
grass grown in pots to different N, P,
and K rates, and considering the
system under study here (aimed to
the production of one-node sprigs
from stolons to be used for propaga-
tion), the possibility to halve N or P in
respect to control rates (314 mg�L–1

N and 52 mg�L–1 P substrate, respec-
tively) was detected, while K control
rate (198 mg�L–1 substrate) proved to
be necessary. In fact, while no differ-
ence was observed in the growth
achieved by the plants supplied with
half N and half P rates in comparison
with the respective controls, in the case
of K halving the control rate caused
a significant reduction in the achiev-
able multiplication rate since stolons
were formed by a lower number of
nodes. Half N, half P, and control K
rates also ensured a satisfactory plant
mineral composition.

Neither negative effects on growth
parameters nor significant variations in
plant nutrient contents resulted from
doubling or tripling N, P, or K control
rates. But, since no advantage was ob-
tained either, high nutrient applications
are not advisable. In contrast, high
fertilizer inputs are usually applied in
greenhouse systems, contributing sig-
nificantly to ground and surface water
pollution due to nutrient discharges
(Voogt, 2005). Therefore, limiting
fertilization levels is advantageous for
environmental reasons, especially for
N, being N the nutrient supplied in
the largest amount and highly subject
to leaching (Howarth, 2008; Liu et al.,
2005; Rejesus and Hornbaker, 1999).
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