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QUALITY TURF AND EFFICIENT UTILIZATION OF RESOURCES

Demand-driven fertilization. Part I: Nitrogen productivity in four
high-maintenance turf grass species

TOM ERICSSON1, KARIN BLOMBÄCK2 & ANGELIKA NEUMANN2

1Swedish University of Agricultural Sciences, Department of Urban and Rural Development, Uppsala, Sweden, 2Swedish

University of Agricultural Sciences, Department of Soil and Environment, Uppsala, Sweden

Abstract
The effect of four nitrogen (N) availabilities on growth, leaf N concentration, N productivity (dry matter production per
unit time and unit N taken up), shoot:root ratio and carbohydrate storage was studied in velvet bentgrass (Agrostis canina
‘Legendary’), creeping bentgrass (A. stolonifera ‘Independence’), slender creeping red fescue (Festuca rubra ssp. trichophylla
‘Cezanne’) and chewings fescue (F. rubra ssp. commutata ‘Center’). In growth chamber experiments, plants were grown for 3
weeks in sand with 12.5, 25, 50 or 200 mg N L�1 in the irrigation water and at two mowing intensities, cut at 5 mm twice
per week or uncut. It proved possible to control important turf grass traits such as shoot growth rate, shoot:root ratio, leaf
morphology and carbohydrate storage through leaf N concentration. The relationship between leaf N concentration and
aboveground growth was linear for both cut and uncut turf. The relative N demand of the studied species, based on their N
productivity, was 1:0.67:0.67:0.37 for creeping bentgrass, velvet bentgrass, chewings fescue and slender creeping red fescue,
respectively. Clipping significantly reduced N productivity, and hence turf N demand. The lowest possible leaf N
concentration without adverse effects on plant health and appearance was between 3.1 and 3.5% of dry matter (DM) in
both bentgrasses and fescues. This value can be used as a target in minimizing fertilizer usage and N leaching losses. In
conclusion, fertilization based on the influence of leaf N concentration on growth-related processes offers possibilities to
control growth in a predictable and desirable manner under varying climate and growth conditions. This could provide
more environmentally friendly and economic fertilization regimes and also better playing quality.

Keywords: Carbohydrate storage, growth chamber, mowing intensity, nitrogen concentration, nitrogen fertilization, shoot:root

ratio.

Abbreviations: Bve�Velvet bentgrass, Bcr�Creeping bentgrass, DM�dry matter; Fcr�Slender creeping red fescue,
Fch�Chewings fescue, LSD�least significant difference, N1, N2, N4, N16�fertilization regimes with 12.5, 25, 50 and
200 mg N L�1, respectively; SLA�Specific Leaf Area, m2 kg�1 leaf mass.

Introduction

Timing and application rate of fertilizers should be

managed throughout the growing season in order to

achieve high turf quality without adverse effects on

the environment. Scrutiny of the literature reveals

major discrepancies between studies with regard to

the range of N and other plant nutrients tolerated by

commonly used high maintenance turf grasses (Jones

1980, Smith et al. 1985, Mills and Jones 1996).

However, the relationship between plant N concen-

tration and growth has been studied extensively in

other plant species (e.g. Ingestad and Lund 1986,

Ingestad and Ågren 1995, Glimskär and Ericsson

1999). Growth, biomass allocation and carbohydrate

storage in plant tissues are reported to be linearly

related to plant N concentration (McDonald et al.

1986, Ericsson 1995, Ericsson et al. 1996). The

optimum leaf N concentration, i.e. the lowest

possible N concentration that allows growth at a

maximum rate, is a unique species character

(Ingestad 1991). This also holds true for the mini-

mum leaf N concentration that prevents negative

impacts on plant health and appearance. The slope

of the linear relationship between N concentration
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and growth rate, i.e. N productivity (dry matter

production per unit time and unit N in plant; Ågren

and Ingestad 1987), is also species-specific and

positively correlated to the genotypic growth capa-

city of the plant species. Nitrogen productivity is

influenced by climate and decreases when the

availability of, for example, light, temperature, water

and nutrients becomes less favourable for growth,

and when turf growth is hampered, for example by

lower clipping height, intensive playing activity or

other stress factors (Ingestad and Lund 1986). Both

leaf size and relative shoot growth are positively

correlated with shoot N concentration, while leaf

thickness (specific leaf area, SLA, m2 kg�1 leaf

mass) and thereby leaf stiffness and relative root

growth increase in response to N shortage (McDo-

nald et al. 1992). Through a negative correlation

between N concentration and carbohydrate storage,

shoot N concentration can play a role for plant

vigour (McDonald et al. 1986). A positive relation-

ship between plant carbohydrate concentration and

levels of defensive chemicals and resistance to insect

attacks has been demonstrated in young willow

plants (Waring et al. 1985, Larsson et al. 1986).

The influence of shoot N concentration on growth-

related processes in plants seems to be of a general

nature during the vegetative growth stage. For

example Glimskär and Ericsson (1999) studied

growth strategies in forbs and grasses in response to

N availability and found that the relationship be-

tween plant N concentration and both growth and

specific leaf area followed the same patterns as

demonstrated for woody plant species (Ingestad and

Ågren 1988, McDonald et al. 1992, Ericsson et al.

1996). If the observed correlations between tissue N

concentration and various growth and plant compo-

sition characteristics also apply for short-clipped turf

grass, this could constitute an efficient tool for

planning fertilization management practices not

only for adequate growth, but also for quality aspects

such as a vigorous root system, enhanced ball roll

through leaf stiffness and greater stress resistance.

The relationship between leaf N concentration

and the traits mentioned above has to our knowledge

not been systematically studied in turf grass species

and for turf influenced by mowing. The information

presented by Ingestad and co-workers has been used

in Sweden in pilot field experiments with creeping

bentgrass (Agrostis stolonifera) (Ericsson 2005). The

results to date are promising, but improved knowl-

edge is needed for several species in order to improve

fertilizer use efficiency by reducing the current use of

plant nutrients while promoting turf vigour by

supporting a desirable shoot:root ratio and keeping

a high carbohydrate storage in the tissues.

This paper reports the first of two studies

performed under laboratory and field conditions,

respectively, the overall aim of which was to develop

recommendations for demand-driven fertilization of

turf based on the theories developed by Ingestad and

co-workers describing the influence of leaf N con-

centration on different plant growth characteristics.

The study described here tested the hypothesis that

the relationship between leaf N concentration and

growth rate is also linear for frequently clipped turf

and sought to determine species-specific N produc-

tivity values under optimum climate conditions and

use these for ranking turf grass species with regard to

N demand. The effect of different leaf N concentra-

tions on biomass allocation between roots and shoots

and fructan storage and the influence of cutting were

also evaluated. Four commonly used cold temperate

turf grass species (two fescues and two bentgrasses)

were used in the study.

Materials and methods

Plant material and growth conditions

The effects of N availability on growth, leaf N

concentration and carbon (C) allocation between

root and shoot were studied in velvet bentgrass (Bve;

A. canina L., var. ‘Legendary’), creeping bentgrass

(Bcr; Agrostis stolonifera L., var. ‘Independence’),

slender creeping red fescue (Fcr; Festuca rubra ssp.

trichophylla L., var. ‘Cezanne’), and chewings fescue

(Fch; F. rubra ssp. commutata L., var. ‘Center’). The

experiment was carried out in a growth chamber

with a photoperiod of 16/8 h d/n, light intensity

300 mmol m�2s�1 (OSRAM HQI-E/D 250W), air

temperature 20/15 8C d/n and relative air humidity 70%.

Turf establishment

The grasses were grown in 0.3-L plastic pots with a

surface area of 44 cm2. Washed sand with a particle

size of 1�2 mm was used as growth substrate. The

small seeds of the bentgrasses (25 mg pot�1) were

placed on the sand surface, while the larger fescue

seeds (70 mg pot�1) were covered by a 2 mm thick

sand layer. The pots were placed on trays and the

substrate was wetted with pure water through sub-

surface irrigation, i.e. water was sucked up by

capillary forces in the soil. The trays were covered

by a transparent plastic sheet during germination.

The seedlings received free access to all nutrients in

order to rapidly develop a strong turf. This was

achieved by twice-weekly addition of a complete,

balanced nutrient solution (Table I) at a concentra-

tion of 200 mg N L�1. The establishment phase

lasted for 4 weeks. During this period the grass was
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cut twice per week and the cutting height was

gradually decreased from 20 mm to 5 mm.

Treatments

Four levels of N availability were created after the

establishment phase through subsurface irrigation as

described in the above paragraph twice a week with

water containing 12.5, 25, 50 or 200 mg N L�1

(treatments N1, N2, N4 and N16, respectively).

Excess water on the trays was removed after approxi-

mately 10 minutes. The same balanced nutrient

solution as in the establishment phase was used,

and hence all nutrients were added in proportion to

N. For each N regime, 12 pots per species were used.

The following 3 weeks were regarded as an acclima-

tion phase to the different N regimes. During this

period, growth rate, carbon allocation and N con-

centration in the tissues adjusted to the rate of N

supply. The turf was cut twice a week at 5 mm height

during and at the end of the acclimation phase.

During the following 3 weeks, clippings were col-

lected from the cut treatment twice per week from

6 pots per fertilization treatment and species, dried

(48 h at 70 8C), pooled and weighed to determine

the biomass production. The turf in the remaining

pots was allowed to grow undisturbed. For the uncut

treatment, all leaf parts 5 mm above the soil surface

were removed 3 weeks after the acclimation phase,

dried (48 h at 70 8C) and weighed. The root systems

in all pots were washed free from sand and root dry

mass, including basal leaf parts, was determined

after 3 days drying at 70 8C.

Chemical analysis

The N content in pooled clippings (cut treatment;

n�6) and whole leaves (uncut treatment; n�4) was

determined with an elemental analyser (CN2000,

LECO Corporation, USA).

Non-structural carbohydrates were determined in

pooled and milled leaf samples from Bcr and Fcr using

the method described by Steen and Larsson (1986),

where a two-step extraction procedure was applied.

Glucose, fructose and sucrose were determined in the

first extract and residual fructans in the second

extract.

Statistical analysis

The general linear model procedure (GLM) of the

statistical analysis system (SAS) was used to analyse

the variance (Version 9.2, SAS Institute, Cary, NC).

The significance of differences between the different

N fertilization intensities and species was estimated

using the Tukey test and probabilities equal to or less

than 0.05 were considered significant. Assumptions

of normal distribution and variance homogeneity

were tested graphically using residual plots. Regres-

sions between leaf N concentration and leaf biomass

were done using SigmaPlot (Version 12.0, Systat

Software Inc., San Jose, CA).

Results

Turf appearance

Visual observations showed that all species grew

vigorously and developed dark-green leaves during

the establishment phase when grown under free

access to all nutrients (N16). Deficiency symptoms,

in the form of chloroses and necroses, developed in

older leaves both during and after the phase of

growth acclimation as a result of growth-limiting N

conditions. These symptoms became pronounced in

the bentgrasses at N2 and in both fescues at N1.

Leaf length and width in all species studied were

reduced at N1�N4 compared with N16 and roots

became thinner and branching more intense in

response to N shortage (visual observations).

Biomass production

As averages of the fertilization regimes, uncut plants

produced 4.5 (Bve) to 5.8 (Fcr) times more leaf

biomass during the experimental period than plants

cut twice a week, while root biomass was less

influenced by cutting and resulted on average in

1.1 (Bve) to 1.5 (Fcr) times higher root biomass for

the uncut treatment (Figure 1a and b). The

different species reacted to different extents to

increased N fertilization. For the cut treatment,

the bentgrasses showed a strong increase in leaf

biomass with increasing N fertilization, while root

Table I. Amounts of elements in the nutrient solution used in

experiments (Wallco 51-10-43�microa).

Element Amount (g L�1)

Nitrogen (N)b 51b

Phosphorus (P) 10

Potassium (K) 43

Sulphur (S) 4

Magnesium (Mg) 4

Calcium (Ca) 3

Manganese (Mn) 0.20

Iron (Fe) 0.17

Boron (B) 0.10

Zinc (Zn) 0.03

Copper (Cu) 0.015

Molybdenum (Mo) 0.0004

aCederroth International AB, Falun, Sweden.
b NH4-N and NO3-N ratio of 4:6.
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biomass decreased at the highest N level. The

leaf biomass of the cut fescues also increased with

increased N fertilization, but to a lower extent.

However, root biomass of the cut fescues remained

unchanged or even increased at increasing N

fertilization rates. Leaf biomass of uncut treatments

also reacted strongly to N fertilization, and at the

highest N fertilization rate (N16), Bcr clearly

showed the highest leaf biomass production. For

all four grass species, the reaction of root biomass

to N fertilization was less pronounced in the uncut

compared with the cut treatment, although the

uncut grass species had significantly higher root

biomass at N16 (on average for the grass species;

pB0.01).

Dry matter partitioning

The proportional allocation of shoot to root biomass

increased in response to N supply and for all

fertilization regimes it was higher in the uncut

treatment (Figure 2). On average for all species,

leaf biomass accounted for 18 and 31% of the total

biomass at N1 and 48 and 80% at N16 in the cut

and uncut treatment, respectively. Shoot:root ratio

for the uncut treatment was generally higher than for

the cut treatment. At N1 and N2, the fescues showed

higher shoot:root ratio than the bentgrasses, but as

the increase in shoot:root ratio due to increased N

fertilization was more pronounced for the bent-

grasses, they showed the highest shoot:root ratio at

N16 (Figure 2).

Leaf N concentration

Leaf N concentration was strongly influenced by N

fertilization and grass species. On average for the

species, with increased N fertilization from N1 to

N16 leaf N concentration increased from 2.3 to

5.5% of leaf DM for the cut treatment and from 1.3

to 4.1% for the uncut treatment (Figure 3a and b).

The cut fescues showed significantly higher leaf N

concentration than the bentgrasses at N1, N2 and

N4, but at N16 the bentgrasses showed significantly

the highest N concentration. For the uncut treat-

ment this also tended to be true, but differences

between the species were not always significant.

Plant growth versus leaf N concentration

The amount of biomass produced during the 3-week

experimental period was positively and linearly cor-

related with the rate of N supply and leaf N

concentration (Figure 4). The slope of this correla-

tion reflects the N productivity of the grass species.

The steep slope shown by Bcr denoted a high N
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Figure 1. Shoot and root biomass per pot (g dry matter, DM) of the different grass varieties (Fcr�red fescue var. ‘Cezanne’, Fch�red

fescue var. ‘Center’, Bve�velvet bentgrass var. ‘Legendary’, Bcr�creeping bentgrass var. ‘Independence’), at different fertilization regimes

(N1, N2, N4, N16 �12.5, 25, 50, and 200 mg N L�1 respectively in the irrigation water) for (a) cut and (b) uncut grass. Different small

letters show significant differences in root and shoot biomass, respectively, between different N fertilization regimes within the four grass

species (a�0.05). ns �not significant.
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productivity, and hence N requirement (Figure 4d),

while Fcr showed the lowest slope and hence the

lowest N productivity (Figure 4a). The relative N

demand of the four species, based on their N

productivity, was 1:0.67:0.67:0.37 for creeping bent-

grass, velvet bentgrass, chewings fescue and slender

creeping red fescue, respectively. Considering the

lowest N fertilization rate without visible deficiency

symptoms as the growth minimum, the correspond-

ing N concentration in clippings was similar for all

species and varied between 3.1 and 3.5% N in leaf

DM (Figure 4). However, the N concentration at

maximum growth varied between the grass species.

The fescues showed an N concentration of 5.1% at

growth maximum and the corresponding value for

the bentgrasses was 5.9%. In absolute terms the

growth capacity of Fcr was about one-third that

of Bcr. The leaf N concentration in intact plants at

N1�N16 was considerably lower than in plants cut

twice a week.

Non-structural carbohydrates and N concentration

The levels of fructans, fructose and glucose in

clippings determined in pooled samples from Bcr

and Fcr showed an increasing tendency in response

to N shortage (Table II). However, this trend could

not be statistically proven due to shortage of plant

material.

Discussion

Our results verified the hypothesis that the relation-

ship between leaf N concentration and above-

ground growth rate is linear for frequently mown

turf (Figure 4). Thus the concepts developed by

Ingestad and co-workers using data on deciduous

tree species and conifers (Ingestad and Lund 1986,

Ingestad and Ågren 1995) can also be used for

mown turf grass species. This indicates that it is

possible to control many important traits of turf

grasses, such as shoot growth, shoot:root ratio, leaf
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turf grass species at the different N fertilization levels. Abbreviations as in Figure 1.
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width and stiffness, carbohydrate storage and pos-

sibly also the ability to withstand attacks from pests

and diseases, through leaf N concentration. In

absolute amounts, root production was not closely

correlated with N supply (Figure 1), but on a

relative basis plants clearly allocated fewer resources

to roots under N-rich conditions than when N was

limited (Figure 2). This agrees with results reported

previously for turf grasses (Schlossberg and Karnok

2001) and other plant species (Ingestad and

Lund 1986, Ericsson 1995, Glimskär and Ericsson

1999).

Target N concentration

An important finding in our study was the common

limit for leaf N concentration of between 3.1 and

3.5% in DM to achieve a suitably functioning and

healthy looking turf of bentgrasses and fescues.

Concentrations between 3.1 and 3.5% N in DM of

clippings can thus be used as a target value in order

to minimize fertilizer usage and potential N losses

due to excess N in the soil. However, values within

the range 5�6% N in leaves can be temporarily aimed

for when establishing new turf or when repairing turf

damaged by winter conditions or other stresses.

Table II. Content of carbohydrates (% of DM) in clippings (pooled samples) from creeping bentgrass, Bcr, and slender creeping red fescue,

Fcr, at different N fertilization levels, 12.5 (N1), 25 (N2), 50 (N4) and 200 (N16) mg N L�1 irrigation water.

Bcr Fcr

N fertilization rate Glucose Fructose Fructans Glucose Fructose Fructans

N1 0.9 3.1 11.9 0.6 2.5 14.5

N2 0.8 2.4 10.2 0.7 2.3 11.4

N4 1.1 2.8 11.9 0.7 1.9 7.4

N16 0.5 1.1 3.1 0.1 0.6 2.1

Figure 4. Correlation between leaf N concentration and leaf biomass production after 3 weeks at the different N fertilization rates for the

cut turf grass species (a) Fcr, (b) Fch, (c) Bve and (d) Bcr and the N concentration at the lowest growth rate showing no pronounced

deficiency symptoms (growth minimum) and highest growth rate achieved in this experiment (growth maximum). Abbreviations as in

Figure 1. Symbols show means of six replicates for the cut and four replicates for the uncut treatment.
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Differences between species

Our data support the observation by Ingestad and

Lund (1986) and Ingestad and Ågren (1995) that

leaf N concentration at growth maximum is higher in

fast-growing species than in slow-growing species

(Figure 3). Nitrogen productivity, here defined as

aboveground growth per unit time and unit N in

leaves, was therefore higher in Bcr compared with Fcr

(Figure 4). Growth and light interception are closely

linked processes (Monteith 1977, Linder 1985) and

the ability to grow is correlated with the production

cost per unit photosynthetic leaf area (SLA, m2 kg�1

leaf mass). Glimskär and Ericsson (1999), who

studied plasticity in five grassland species, found a

strong and positive relationship between SLA and

relative growth rate at non-limiting N conditions for

both grasses and herbs. The thin and broad leaves of

bentgrasses compared with the narrow leaves of

fescues may offer an explanation for the observed

difference in growth capacity between bentgrasses

and fescues. No clear difference in leaf morphology

was observed between the two fescues, but the ability

of Fch to produce more leaves per area unit may

make this species a more efficient colonizer of the pot

surface than Fcr, and hence more efficient in

capturing light (Aamlid and Molteberg 2011).

When comparing the different species, the faster-

growing bentgrasses allocated relatively more bio-

mass to roots at N1, N2 and N4 than the fescues

(Figure 2). This confirmed that faster-growing

species do not reach the target N concentration of

3.1�3.5% in DM at lower N fertilization levels

(Figure 3). As a reaction to this stress situation,

they increase allocation of biomass to the roots. In

many experiments, fast-growing species have been

shown to be more plastic in biomass partitioning in

response to N availability (Chapin 1980, Bloom

et al. 1985, Lambers and Poorter 1992). In accor-

dance, the fast-growing bentgrasses in the present

study clearly had a more pronounced ability to

allocate biomass to shoots under favourable N

conditions compared with the fescues (Figure 2).

The range of N availabilities created in this study was

not large enough to determine whether bentgrasses

are also more plastic with regard to biomass alloca-

tion to roots at low N availabilities.

The data presented in this study cannot be directly

translated into fertilizer recommendations in the

form of kg N per 100 m2 and indeed this was not

our intention. Each golf course is unique with regard

to climate and the soil factors driving growth.

However, the species ranking with regard to N

productivity (slope of the regressions in Figure 4),

and hence N requirement, can most probably be

applied at any golf course if the optimal N regime of

one of the species ranked is known. In the present

experiment, Bcr proved most N-demanding and

required 63% more N than Fcr and 33% more

than Bve and Fch (Figure 4).

Influence of cutting

This study showed that reducing the leaf area

through cutting affects the leaf N concentration

positively when the N regime is kept the same

(Figure 5). A reduction in leaf area leads to a

decrease in growth capacity and therefore also to a

decrease in N demand. As a consequence, N supply

must be reduced to meet the decreased growth rate

and thereby prevent the leaf N concentration in-

creasing, which would otherwise negatively affect

shoot:root ratio (Figure 2), carbohydrate storage

(Table II) and leaf morphology (SLA). The same

Figure 5. Correlations between leaf N concentration of the grasses (%N in DM) and their relative aboveground biomass growth (growth at

N1, N2, N4, and N16 in relation to N1) for the cut and uncut (a) fescue species (Fch and Fcr) and (b) bentgrass species (Bcr and Bve).

Abbreviations as in Figure 1. Symbols show means of six replicates for the cut and four replicates for the uncut treatment.

Demand-driven fertilization 119

D
ow

nl
oa

de
d 

by
 [

SL
U

 L
ib

ra
ry

] 
at

 2
3:

53
 2

7 
M

ay
 2

01
2 



consequence would follow with other stress factors,

e.g. shading, drought, lower clipping height and

unfavourable temperatures.

When the same N fertilization regime is main-

tained, a reduction in leaf area could be expected to

change the biomass allocation pattern in favour of

shoots. However, we found an opposite allocation

pattern. Although the absolute amounts of root

biomass were in the same range for the cut and the

uncut treatments (Figure 1), the relative allocation

to roots was higher for the cut treatment (Figure 2).

This was true independently of species or fertiliza-

tion level. However, the root weights determined at

the end of the experiment not only represent

growth during the experimental period but also

root production during turf establishment and the

phase of growth acclimation to the different levels

of N supply. Determination of root biomass in a

representative sample at the beginning of the

experimental period would have made it possible

to calculate the actual root production and hence

compare actual biomass allocation pattern with

theoretical. Alternatively, a longer experimental

period would give a more accurate picture of root

production during the phase when growth is

acclimatized to the N supply.

Our intention was to create non-limiting nutrient

conditions by saturating the sand twice a week with a

nutrient solution containing 200 mg N L�1. N

concentrations in the order of 4% in DM of a very

slow-growing grass (Danthonia decumbens) and 6% in

DM of a fast-growing bentgrass (Agrostis cappilaris)

have been reported for non-limiting nutrient condi-

tions by Glimskär and Ericsson (1999). The re-

corded N concentration in clippings was 5% in DM

of fescues and 6% in DM of bentgrasses, indicating

that this goal had been fulfilled. The significantly

lower N concentrations at N16 in the leaf biomass of

both fescues and bentgrasses compared with plants

cut twice per week demonstrate that the N require-

ments of uncut plants were not met with this N

regime. However, this shortcoming had no influence

on N productivity estimates for uncut species, and

thus no influence on the comparison of data

obtained under the two clipping regimes.

Carbohydrate storage

The N concentration in leaves is generally negatively

correlated to the level of stored carbohydrates in the

tissues (McDonald et al. 1986, Ericsson 1995,

Ericsson et al. 1996). A similar trend was observed

in this study and the levels of fructans increased in

response to N limitation. Unfortunately, this trend

could not be statistically proven due to shortage of

plant material.

Playing quality

According to visual observations, the growth-

limiting N supply also reduced leaf width and

increased leaf stiffness, i.e. increased production

costs per unit leaf area. Reduced SLA is commonly

reported in plants grown under N-limiting condi-

tions (McDonald et al. 1992, Glimskär and Erics-

son 1999). Ball roll, and hence playing quality,

will therefore most probably also benefit from a

reduction in N supply. Reducing N supply instead

of lowering clipping height may thus offer an

alternative method when improved ball roll is

required.

Conclusions

This growth chamber study showed that the relation-

ship between leaf N concentration and aboveground

growth is linear for frequently cut turf grass. There-

fore it is possible to control many important turf

grass traits, such as growth rate, shoot:root ratio, leaf

morphology and carbohydrate storage, through the

leaf N concentration. The slope of the linear

relationship between leaf N concentration and

growth, i.e. N productivity, can be used as a tool

when ranking turf grass species with regard to N

demand. In all, demand-driven fertilization, based

on the influence of leaf N concentration on growth-

related processes, offers possibilities to control

growth in a predictable and desirable manner. This

could lead to a more environmentally friendly and

economic method of fertilization, and also to better

playing quality.
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