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Summary of the project:

Most fertilizing strategies today are based on trial and error because of lack of information
concerning the basic physiological relationship between nitrogen status and growth. Neither
the maximum growth capacity of the most commonly used turf grass species is known, nor
their ability to tolerate low levels of nitrogen supply when grown under steady state nutrient
conditions. The objective of this study is to determine the linear relationship between plant N-
status and growth for creeping bentgrass (4Agrostis stolonifera), velvet bentgrass (Agrostis
canina), red fescue (Festuca rubra) and annual bluegrass (Poa annua). Furthermore, the
effects of plant N-status on biomass allocation, playing quality and fructan storage are
evaluated. The study is performed in two steps. During 2007 a pot experiment under
controlled climatic conditions will be carried out in order to determine the basic linear
relationship between plant nitrogen status and growth. The findings from the laboratory study
will be validated at the Bioforsk turf research site at Landvik, Norway, during 2008 and 2009.
The results will be used to improve the precision of present recommendations for demand
driven fertilization. Financial support for carrying out the pot experiement has also been
requested from “Stiftelsen Svensk Viaxtnaringsforskning”.




Fertilizer strategies for golf turf: Implications for physiology-driven
fertilization

Background

There is a continuous discussion on how to best fertilize golf greens. We are greatly influenced by
what is being done in USA and Great Britain, i.e. regions with very different climatic conditions and
availability of chemical compounds such as fungicides and growth regulators, compared to the Nordic
countries. A strategy for demand driven fertilization has been introduced in Sweden (Orsholm &
Ericsson, 2003). As compared with traditional fertilization of creeping bentgrass (4grostis
stolonifera), this strategy has been found to give a similar turf quality (colour and density) and a
higher nitrogen utilization rate with a lower total amount of fertilizer applied (Ericsson, 2005; 2006).
Demand driven fertilization has been practiced for 1- 2 years on some Swedish golf courses with
satisfactory results (Hedlund, 2006) and the Swedish Golf Federation has provided greenkeepers with
a manual describing how to estimate the nutrient requirements of the turf. However, although the
recommendation of 1.3 kg N 100m™ for creeping bentgrass in the Milaren region works well in this
part of Sweden, the N-rate may still be unnecessarily high (Ericsson, 2005). Most fertilizing practices
today are based on “trial and error” because there is a lack of information concerning basic
physiological relationships between nitrogen supply and growth. Neither the maximum growth
capacity of the most commonly used turfgrass species is known, nor their ability to tolerate low levels
of nitrogen supply without showing deficiency symptoms. This information is central for
understanding competition and is of vital importance in species mixtures and when trying to prevent
grasses such as annual bentgrass (Poa annua) from colonizing the greens (Glimskar & Ericsson,
1999). We also lack detailed information on how the carbon allocation pattern in turf grasses and the
carbohydrate stores in the tissues are affected by the rate of nitrogen supply.

We therefore intend to carry out a two-step study of the nitrogen productivity of turf grasses. The first
step is a laboratory study, where the linear relationship between growth rate and the plant nitrogen
status will be determined as well as the plasticity in biomass allocation between root and shoot in
relation to nitrogen supply for four species (Appendix 2). Funding for the first step is requested partly
from Stiftelsen Svensk Véxtnaringsforskning (SV), and partly from the Scandinavian Turfgrass
Research Foundation (STRF). The second step is to test the findings from the laboratory study under
field conditions with artificial wear.

Objectives

The aim of this study is to determine the species specific linear relationship between plant N-status
and growth rate for creeping bentgrass (Agrostis stolonifera), red fescue (Festuca rubra), annual
bluegrass (Poa annua) and velvet bent (Agrostis canina). Furthermore, the effects of different plant N-
status on biomass allocation between roots and shoots, playing quality and fructan storage will be
evaluated. The results will enable further refinement of the recommendations for demand-driven
fertilization.

Expected results and practical implications

1. Linear relationships between plant N-status and the growth rate as well as the optimum tissue N-
concentration are determined for each studied species under controlled conditions as well as field
situations.

Implications: Recommendations for demand-driven fertilization based on the species-specific
growth capacity and N-demand of creeping bentgrass, red fescue, annual bluegrass and velvet bent
will be developed and presented.

2. Within the optimum and minimum threshold N-status values, an equally healthy turf with a high
playing quality is produced, but differing in growth rate, root/shoot allocation and storage of
fructans in overwintering plant parts.

Implications: The greenkeeper receives a tool by which he/she, in a controlled manner and with
preserved playing quality, can adjust the growth rate of shoots and roots by adjusting the N-status



of the turf. The allocation of biomass to roots can be promoted by adjusting the N-status of the
plant (Fig. 1, Appendix 1) in accordance with potential growth, i.e. light, temperature and mowing
height.

Theory

Nitrogen — growth relationships

The relationship between plant nitrogen status and growth has been studied extensively in tree
seedlings (e.g. Ingestad & Lund, 1986; Ingestad & Agren, 1995). The results show that growth,
biomass allocation to root and shoot as well as the size of the carbohydrate stores in plant tissues are
linearly related to the nitrogen status of the plant (Fig. 2, Appendix 1) (Ericsson, 1995; Ericsson et al.
1996). The optimum tissue N-concentration, i.e. the lowest possible nitrogen concentration that allows
growth at a maximum rate is a unique species character (Ingestad, 1991). This also holds true for the
minimum plant-N concentration that prevents negative impacts on plant appearance. The slope of the
linear relationship between nitrogen status and growth, i.e. the nitrogen productivity (growth rate per
unit nitrogen taken up by the plant; Agren & Ingestad, 1987) is also species specific and is positively
correlated to the growth capacity of the plant species. Nitrogen productivity is also influenced by the
climate and decreases when the availability of light, temperature, water and nutrients becomes less
favourable for growth (Fig. 3, Appendix 1). This implies that turf grass exposed to intensive playing
activities, low cutting heights or shade ought to receive a reduced nitrogen supply in order to achieve a
favourable balance between shoot and root and a good carbohydrate status. A positive relationship
between the carbohydrate status of plants and resistance to fungal- and insect attacks has also been
demonstrated (Waring et al., 1985; Larsson et al., 1986).

Physiology-driven fertilization

Physiology-driven fertilization is based on the nitrogen productivity concept and the knowledge that
the total needs of the different nutrient elements, not the balance between them, varies during the
growing season. This demand-driven fertilization implies that the fertilizer is given in small but
repeated doses during the growing season (Ingestad, 1988; Ericsson, 2006). Temperature and solar
radiation, together with the growth capacity of the plant species, are the major factors determining the
size of each nutrient application. As a result, the nutrient doses will be small early and late in the
season and with a maximum associated with the peak in temperature and solar radiation. Demand-
driven fertilization has several advantages. Adding fertilizers in small, frequently repeated doses,
results in a stable plant nutrient status. Plants grown under steady-state nutrition do not develop
deficiency symptoms despite suboptimal nutrient conditions. Demand-driven fertilization is also
beneficial for the environment, since it significantly reduces leaching of mobile nutrients (Ericsson,
2005).

Material and Methods

The study will be performed in two steps: Step 1, where physiological parameters for the relationships
between plant N-status, growth and biomass allocation are determined under controlled conditions,
and Step 2, where the findings from Step 1 are validated under realistic field conditions. Step 1 is
planned for 2007 and Step 2 for 2008-2009.

Step 1: Controlled conditions — short description

The study will be performed as a pot experiment in a growth chamber (photoperiod 18/6 h, PAR 400
pumol m™ s™', temperature 20/15 °C d/n, RH 70%). Creeping bentgrass (Agrostis stolonifera), red
fescue (Festuca rubra), annual bluegrass (Poa annua) and velvet bent (Agrostis canina) will be
studied. Varieties will be chosen by Trygve Aamlid according to the results of variety tests in Norway.
A complete and well-balanced liquid fertilizer (Wallco 51-10-43 + 4 Mg; Cederroth International AB)
will be used to create four nitrogen levels, 12.5, 25, 50 and 200 mg N liter”, in the irrigation water.
The first 4 weeks following germination is used for establishing the plant material. Thereafter, the
growth rate in each treatment will be determined from clippings carried out twice per week. The
root/shoot mass ratio will be determined after the final clipping. The nitrogen concentration in the
grass clipping, i.e. the N-status of the turf, will be determined. By comparing the plant N-status and




the growth rate for creeping bent grass from this pot experiment with results from the fertilizer trial at
Fullerd in 2003-2004 (Ericsson, 2005), it will be possible to convert the laboratory data to the field
situation in Step 2 of this project. A ranking of growth rates for the different species will be available,
which makes it possible to adjust the nitrogen supply to the other species.

Funding for the technical part of Step1 has been requested from Stiftelsen Svensk
Vixtnéringsforskning, and is described in more detail in the enclosed application (Appendix 2).

Step 2: Field study
The field study will start in spring 2008 on a USGA green established one year earlier at the Bioforsk
turf research site at Landvik, Norway. The same species and varieties as in Step 1 are used. Three
different treatments are tested:

1. Optimum N-status (= minimum requirement for maximum growth)

2. Suboptimum N-status (60% of optimum)

3. Minimum N-status (~20% of optimum; minimum N-requirement without deficiency

symptoms)

The plots will be laid out with three replicates of every treatment. Every plot will be 1*2 m (Fig. 4,
Appendix 1). The plots will be fertilized once a week by spraying with Wallco 51-10-43 + 4 Mg
(Cederroth International AB), the same product as in the Step 1-study. The absolute amounts of
fertilizer added will differ between the species, since the growth potential and critical threshold values
for plant-N status are species-specific. Information on the species ranking with regard to growth
capacity and N-supply is determined in Step 1. The potential growth rate is estimated for each species
as a function of incoming solar radiation and temperature, using parameters values determined for
controlled conditions in Step 1. Water will never be a growth-limiting factor, as the plots will be
irrigated at approximately 8 mm deficit, i.e. every other night during dry periods.

To determine biomass production and the N-status of the turf, clippings will be sampled from each
plot during the first week (i.e. during one fertilizing interval) of each month from May until October.
The three clippings from the week will be pooled, dried at 50 °C for 48 h, and weighed. One sample
will be analysed for total-N (Leco; dry combustion) and another sample for ash content to account for
sand in the clippings.

Differences in root production between treatments will be estimated visually from root profiles.
Undisturbed root zone profiles, one from each plot, will be sampled with a profile spade in August
every year. The soil profiles are fixed on plates with needles and the sand is washed away with water.
The remaining root profile, with the roots fixed at their original position on the needle plate, gives a
qualitative picture of root biomass and distribution, and root profiles from different treatments can be
compared.

The carbohydrate status of the turf in the form of fructan will be determined towards the end of the
growing season (October). Combined samples of roots and shoots will be used for this analysis
(enzymatic degradation/spectrometry).

The turf quality will be rated once a month according to overall appearance (visual merit, 1-9; colour
(1-9, 9 is darkest), density (1-9, 9 is most dense), disease attacks (% of total area) and ball roll
(Stimpmeter). All the analyses are listed in Table 1, Appendix 1.

Dissemination of results

The results will be used to formulate fertilization recommendations for the different species tested.
The results will be published annually in the Nordic greenkeeper magazines. At the end of the project,
two papers will be submitted for publication in international peer-reviewed scientific journals. Tom
Ericsson will be the first author for the paper related to step 1 in the project and Karin Blombéck for
the paper related to step 2. The results will also, on request, be presented at seminars.



Timeplan and competence

The first part of the project will be performed and reported in 2007. The second part of the project
starts in spring 2008, based on the results from the first part of the study. The experimental green at
Landvik will be established already in 2007. The field work will be finished in 2009 and the project
finished and reported by December 2009.

Karin Blombick, SLU, Sweden is responsible for the field study, and take part in the planning and
evaluation of the first part of the project, i.e. the laboratory study. Tom Ericsson, SLU, Sweden, is
responsible for the laboratory study, and is also involved in the planning and evaluation of results for
the field experiment. Trygve Aamlid, Bioforsk, Norway is responsible for the experimental site at
Landvik and hence for the running management of the field experiment.
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Project budget

Estimated costs (1000 SEK): 2007 | 2008 | 2009 | Total from
STRF

Step 1: Controlled conditions

Lab.assistent, analyses, material, etc (Applied from Stiftelsen (133)

Svensk Véaxtniringsforskning)

Scientists:

Tom Ericsson, 1 month inclusive OH 75 75

Karin Blombick, 1 week incl. OH 16 16

Step 2: Field experiment

Construction and grow-in of experimental green, 15*15 m’ 250 250

Mowing, verticutting, topdressing, irrigation, wear 70 70 140

Fertilizer application, once a week 65 65 130

Recordings and analyses as described in Table 1, Appendix 1. 129 129 258

Scientists:

Karin Blombick, 2 weeks in 2007, 1 month in 2008, 2 month in 32 66 135 233

2009

Tom Ericsson, 3 weeks 2008 and 1 month in 2009 58 75 116

Trygve Aamlid, 100 h in 2007 and 80 h in 2008 - 2009 80 64 64 208

Others:

Travels between Sweden and Landvik, Norway (1 person, 2 10 10 10 30

times per year)

Total costs 596

Applied from the Scandinavian Turfgrass Research 463 462 548 1473

Foundation

A total amount of 1 473 000 SEK is applied for from the Scandinavian Turfgrass Research

Foundation, divided as 463 000 SEK in 2007, 462 000 SEK in 2008 and 548 000 SEK in 2009.
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Appendix 1

Figure 1. Influence of nitrogen availability on root development in creeping bentgrass, Avena stolonifera. The
grass at the right side has received nitrogen in a slight excess of growth requirements (200 mg N liter" in the

irrigation water). The grass at the left side has been grown under strongly nitrogen limiting conditions (12.5 mg
N liter™).
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Figure 2. Nitrogen supply, within the limits set by climate and the genome, affects the growth rate and nitrogen
status of plants in a linear manner. The growth rate of plants also affects root development (root/shoot ratio) and
the size of the carbohydrate stores in the tissues. The nutrient demands and tissue nutrient concentrations
associated with maximum as well as minimum growth rate are species specific characters
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Figure 3. The strongest and most healthy turf grass will be obtained in the subotimum range of nitrogen
nutrition. At supraoptimum nitrogen nutrition plant development is negatively effected due to luxury N-uptake
and N-toxicity. The slope of the linear relationship between nitrogen status and growth rate, i.e. the nitrogen
productivity (growth rate per unit nitrogen in the plant), is steeper in fast growing plants. The slope is also
dependent of the growth climate and decreases when light, temperature, water or nutrients limit growth.
Intensive playing activities on the greens and low cutting heights will also reduce the nitrogen productivity of
turf grass.
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Figure 4. Schematic plan for the field trial, with four different species, three treatments of each species and three
replicates of each treatment. Each plot is 1*2 m. The treatments are 1) optimum, 2) minimum and 3) sub-
optimum (60% of opt.) N-status.



Table 1. Number of samplings and analysis per year

Parameter Sampling/ Frequency Number of analysis 4 price, | Total
Analysis SEK cost, SEK
Biomass Grass clipping 1 time/month, | 4 species*3 treatments*3
production May-Oct replicates*6 month = 216 150 32400
samples
Ash content - - 70 15120
N-status Total-N (dry 1 time/month, | 4 species*3 treatments*3 150 32 400
combustion) of grass May-Sept replicates*6 times=
clippings samples 216
Root Root zone profiles 1 time/year in | 4 species*3 treatments*3
allocation end of July, 3 | replicates*1 profile= 36 100 3600
replicates in samples
each plot
Carbohydrates | Enzymatic 1 time/year, 4 species*3 treatments*3 350 12 600
degradation/spectrometry | in October replicates*1 time= 36
on combined samples of samples
roots and shoots
Grass quality: | Overall appearance, Visual rating | 4 species*3 treatments*3
colour, density, disease 6 times/year replicates*6 times= 216 150 32 400
ball roll ratings
Total cost per year: 128 520




Appendix 2

Application to Stiftelsen Svensk vaxtnaringsforskning for Step 1: Pot experiment in climate chambers.

Titel: Tillvaxtformaga och kvavebehov hos golfbanegras

Sokande: Tom Ericsson, Inst. f. stad och land, SLU
Karin Blombick, Inst. f. markvetenskap, SLU

Syfte
Syftet med foreliggande projekt dr att under kontrollerade betingelser bestimma sambandet mellan

néringsstatus i plantan och tillvixthastighet samt biomasseallokering hos grisarterna krypven,
rodsvingel, vitgroe och brunven. Studien gors pa klippta respektive oklippta led.

Resultaten skall ligga till grund for fortsatta faltstudier av behovsanpassad godsling av golfgris.
Resultaten skall ocksé ligga till grund for utveckling av gddslingsradgivning av golfgrés, och
kortklippta grés i allménhet, som bygger pa konceptet for behovsanpassad niringstillforsel och
tillvaxtkurvor under svenska klimatforhallanden.

Bakgrund

Godsling av golfbanor, och framfor allt greenerna, dr en viktig skotselatgérd for att skapa spelytor av
hog kvalitet. Anvandningen av godselmedel pa greenerna ér intensiv och méngden tillfort kvive
varierar 1 dag mellan 100 - 300 kilo per hektar beroende pa grassort och arsman. Enligt grasexperten
Frank Rossi fran Cornell University, USA gddslar vi i Sverige onddigt mycket (Rossi, 2006).
Resultatet blir att det skapas en allt for tit och svarskott turf med mycket filtbildning (thatch) i ytan
och som okar risken for vaxtsjukdomar och ddrmed &dven anviandningen av kemiska
bekdmpningsmedel. De strategier for tillforsel av vaxtnaring pa svenska golfbanor som tillimpas idag
ar 1 hog utstrackning importerade fran USA och Storbritannien, det vill sdga omrdden med helt andra
klimatiska forutséttningar &dn vad vi har i Sverige. Mycket lite forskning har gjorts vad giller
vaxtnaringsbehovet och gréstillvaxten pa kortklippta, intensivt anvdnda och skotta grasytor som
golfbanor, under skandinaviska forhédllanden. Resultaten fran en 3-arig kartliggning av
kvéveutnyttjandet pa en golfgreen utanfor Vésteras (Hedlund m. fl., 2003; Hedlund m. fl., 2006)
visade att kvidveutnyttjandet kunde vara sa lagt som 15-20% vid godsling tidigt p4 sommaren och sent
pa hosten, det vill sdga under perioder med sdmre viderméssiga tillvaxtbetingelser. Under perioder
med bittre gristillvaxt eller da godslingsnivan anpassats till en légre tillvéxt varierade
kviveutnyttjandet diremot mellan 75 och 100%. Aven en studie av kviveutnyttjandet pa
fotbollsplaner visade en 1ag utnyttjandegrad da det inte togs hansyn till tillvaxtfluktuationen under aret
(Karlsson, 1996; Blombick & Persson, 1998). I en 2-érig féltstudier med krypven pa Fuller6 golfbana,
dér man tillaimpat sa kallad behovsanpassad godsling, kunde de tillférda kvivemingderna minskas
fran drygt 200 kg/ha till 130 kg/ha med bibehallen kvalitet pd gréset och kviveméngder motsvarande
den tillforda méngden kunde aterfinnas i insamlat grasklipp (Ericsson, 2005; 2006).

Behovsanpassad godsling innebdr att tillforseln av niring ar anpassad till den potentiella tillvaxten,
som styrs av tillgéngligt ljus, vatten och temperatur (Cannell, 1989; Orsholm & Ericsson, 2003).
Néringsbehovet dr darfor som lagst under var och host eftersom tillgangen péa varme respektive ljus da
ar begransande for tillvixten. Balansen mellan de nédvéindiga ndringsdmnena i néringsupptaget dndras
inte mellan var och host varfor ett och samma gddselmedel kan anvéndas under hela sdsongen
(Ericsson, 2005; 2006). Den behovsanpassade godslingstekniken passar utmaérkt pa golfbanor dér
gddsling alltid sker med korta tidsintervall, och alltsa snabbt gér att justera efter fordndringar i en
tillvixtkurva. Mineralgddsel 1 10st form anvinds ofta, och med god sprutteknik kan hog precision av
naringsstillforseln uppratthallas dven vid 1dga givor. En forutsittning for att kunna godsla
behovsanpassat dr dock att man kéanner till de olika golfgrisens tillvaxtféormaga, eftersom tillvixt och
ndringsupptag ir intimt kopplade processer. I dag finns ingen objektiv information kring golfgrasens



niringsbehov. Det dr en stindigt pdgaende diskussion inom golfbranschen om olika
godslingsstrategier. Det finns en uppsjo av mer eller mindre seriosa forsiljare med olika preparat ute
pa marknaden, och asikterna om gddselméngder gar vitt isér ndr man fragar de skotselansvariga pa
golfbanorna eller branschens bankonsulenter. Det foreligger darfor ett mycket stort behov av objektiva
forsdksdata pé niringsbehov och tillvixtkurvor for de grissorter som anvinds i Sverige och ovriga
Norden och som é&r framtagna for vart nordiska klimat. De grissorter som frimst dr intressanta att
studera ur golfhinseende ar krypven (4Agrostis stolonifera), rodsvingel (Festuca rubra), vitgroe (Poa
annua) och brunven (Agrostis canina).

Formégan att utnyttja ljus, vatten och temperatur liksom férmégan att utnyttja véxtniringsdmnen for
biomasseproduktion beror pa den genetiska konstitutionen och &r alltsé artspecifik. Metoder for att
studera sambandet mellan vixters kvivestatus (kvdvekoncentrationen i bladen) och tillvaxt har
utvecklats pa SLU (Ingestad & Lund, 1986), men har inte tillimpats pa golfgris. Med hjélp av denna
teknik har vixters mineralnidringsbehov (Ericsson m.fl.,1992) och inverkan av vixters kvivestatus pa
bl.a. tillviixt (Ingestad & Agren, 1985; Glimskir & Ericsson, 1999) och kol-allokering (Ericsson,
1995; Ericsson m.fl., 1996) studerats hos unga 16v- och barrtrdd. Dessa undersdkningar har visat att
det rader linjdra samband mellan néringstillgang, tillvéxthastighet och kvévehalt i vivnaderna.
Lutningen pa sambandet mellan kvdvekoncentrationen i blad och tillvéxt beror pa art och
tillvaxtféormaga. Lutningen pa detta samband ar ocksa beroende pé odlingsbetingelserna och minskar
nér tillgdngen pa ljus, vatten, eller virme forsdmras (Figur 1). Kvévekoncentrationen i vdvnaderna vid
tillvixtmaximum &r positivt korrelerad till véixternas genetiskt betingade tillvixtforméga.
Snabbvixande arter har darfor hogre kvivekoncentration i vivnaderna nir de véxer med sin fulla
forméga. For de arter som valts for denna studie vet man fran praktiken, och fran studier i USA och
Storbritannien, att vitgroe dr naringskravande och gynnas av hog niringstillging. Rodsvingel har ett
relativt 1dgt naringsbehov och krypven ligger ndgonstans mitt emellan, varfor man kan anta att det
foreligger stora artskillnader for sambandet mellan kvévestatus och tillvéxthastighet. Det saknas dock
kvantitativa bestdmningar pa detta. Brunven &r hittills relativt oprévat i Sverige och kunskapen om
lamplig skotsel ar lag. Intresset for arten dr dock stor pa grund av dess goda dvervintringsforméga.

Skotseln pa golfbanorna syftar inte i forsta hand till att maximera grésets tillvéxt, utan att skapa bra
spelytor. Oftast ger en jamn, men gles, grasturf den basta spelytan. Att skapa forutsittningar for
langsam tillvéxt, god stresstélighet, bra farg pa griset samt hog spelkvalitet dr det primara mélet med
skotseln pa golfbanor. Man vet att véxter klarar av att vixa med bibehallen vitalitet och kvalitet under
sub-optimala néringsforhallanden, men med reducerad tillvaxthastighet (Ingestad & Lund, 1986). Den
behovsanpassade naringstillforseln fungerar som ett styrmedel for att uppna dnskad tillvaxthastighet.
Med reducerad néringsnivad kommer, forutom tillvixthastigheten, allokeringen av biomassa mellan
skott och rot att foréndras sé att en relativt sett stdrre andel av assimilaten kommer att lagras in 1 roten
(Ericsson, 1995; Ericsson m.fl., 1996). Detta kan fungera som ett dnskvirt styrmedel for att stimulera
rottillvixten hos golfgriset, och ddrmed skapa en mer tilig grasyta som dr mindre kénslig for t ex.
vattenbrist. Dock saknas dven pé denna punkt objektiv information som gor det mojligt att dverfora
teoretiska och laborativa resultat fran unga tradplantor till golfgris. Det foreligger alltsé ett stort behov
av 6kad kunskap om golfgriasens minimibehov av vixtnéring for att kunna producera ett vitalt gras,
med hog kvalitet och med férmaga att motsta slitage. Det foreligger ocksa ett stort behov av att kdnna
till hur grisets naringsstatus paverkar griasets allokering av biomassa till skott respektive rétter, och
ocksé hur samspelet mellan niringsstatus och frekvent klippning paverkar allokeringen mellan skott
och rot.

Den svenska golfndringen har ett uttalat miljomal som bland annat syftar till att minimera den negativa
inverkan av golfbaneskotsel pa omgivande miljo (SGF, 2005). Ett effektivare vaxtniringsutnyttjande
ar en viktig bit for golfen att uppné detta mal. Med behovsanpassad godsling &r forutsattningarna for
golfbanorna att med bibehallen spelkvalitet minska gdodseltillforseln och ddrmed &ven riskerna for
vaxtnaringsforluster goda. Den behovsanpassade godslingen kan ocksé underlitta att hélla grasturfen
gles men dnda jaimn och fast. Det ger en luftigare grassval, och ddrmed ett minskat problem med
véxtsjukdomar, speciellt olika svampsjukdomar, och ett mindre behov av kemiska bekdmpningsmedel.
Intresset for behovsanpassad godsling ar stor bland de skdtselansvariga ute pa goltbanorna. Pé ett 10-



tal banor har metoden provats, och visat att det gar att bibehalla samma kvalitet pa griaset som med den
mer traditionella godslingstekniken (Hedlund, 2006). Men de praktiska forsok som genomforts har
gjorts genom “trial and error” eftersom det saknas systematiska bestimningar av de olika grédsens
tillvaxtkurvor och niringsbehov. Syftet med det hér sokta projektet &r att fungera som forsta steget i
ett utvecklingsprogram for att forbéttra godslingsradgivningen for kortklippta gris. Studien goérs med
inriktning pé de viktigaste grésarterna for skandinavisk golf, men resultaten ar relevanta for alla typer
av grasytor som godslas regelbundet, till exempel villatomter, fotbollsplaner och kortklippta parkgris.

Pengar soks fran Stiftelsen Svensk Viaxtnaringsforskning for det foreslagna projektets
materialkostnader, inklusive hyra och laborativ assistans. Lonekostnader soks fran Stiftelsen for
forskning och utveckling av gronytor for golf (SFG), liksom medel for den fortsatta féltstudien (se
detaljerad kostnadsplan och kortfattad beskrivning av faltstudie nedan).

Hypoteser

e Tydliga, artberoende linjdra samband mellan kvdvestatus och tillvixthastighet kan bestimmas
for grasarterna krypven, rodsvingel, vitgroe och brunven.

e Det finns artberoende maximum- och minimumvérden for grasens kvavestatus inom vilket det
linjara sambandet for tillvixthastigheten géller och da ett vitalt gris, utan bristsymptom
produceras.

e De linjdra sambanden dr konstanta oavsett om gréset klipps eller ar oklippt.

e Med bibehéllen vitalitet hos graset kan tillvixthastighet styras pa ett kontrollerat sétt genom
reglerad néringstillforsel.

e Den relativa allokeringen av biomassa till skott respektive rotter kan pa ett kontrollerat,
forutsdgbart sitt manipuleras (styras) genom reglerad néringstillforsel.

Material och metoder

Forsoksplan

Griasarterna krypven (Agrostis stolonifera), rodsvingel (Festuca rubra), vitgroe (Poa annua) och
brunven (Agrostis canina) studeras. Sortval gors sé att den pa svenska golfbanor vanligast
forkommande sorten av varje art valjs. Studien utfors i1 klimatkammare (fotoperiod 18/6, ljusstyrka
400 pmol/m’s, temp 20/15 d/n, RH 70%) for att minimera risken for odnskade storningar fran
omgivningsfaktorer under forsokstiden. Gréset odlas i krukor fyllda med sand av USGA typ.
Naringstillforseln sker genom bevattning. Ett komplett godselmedel (Wallco 51-10-43 + 4 Mg;
Cederroth International AB) anvénds, och tillforseln berdknas utifran kvivet.

Fyra behandlingar gors for att kunna bestimma det artspecifika linjara sambandet mellan kvévestatus i
plantan och tillvixthastigheten samt den maximala och minimala kvavenivén (se figur 1) inom vilken
tillviaxthastigheten och allokeringsmonstret kan styras. De olika behandlingarna uppnés genom att fyra
olika kvavenivéer i bevattningsvattnet (12.5, 25, 50, och 200 mg N/liter) anvands for att reglera
kvéavetillgdngligheten. Sex upprepningar per art och behandling ingér. Se tabell 1 for
forsoksuppstéllning.

Under en inledande 4-veckorsperiod for sadd, groning och etablering, har plantorna obegransad
tillgdng pé néring. Dérefter startar den 4 veckor langa forsoksperioden, da den 16pande tillvaxten
bestims genom att tva gnger per vecka klippa gréset till en hojd av 10 mm och bestimma
grasklippets biomassa (Ts). Grisets kvdvestatus bestims genom kvéveanalys (elementaranalys) av
grasklippet. For att bestimma inverkan av aterkommande klippning pa grésets tillvaxt och
néringsutnyttjande kommer ett oklippt led per art och néringsniva att ingd. I det oklippta ledet bestdms
tillvixten och kvévestatus endast en gang vid forsokets slut. For att bestimma de olika kvavenivaernas
och klippningsfrekvensernas inverkan pé allokeringen mellan skott och rétter bestdms rotbiomassan
for varje upprepning i samband med sista provtagningen av ovanjordisk biomassa. Rotterna fas fram
genom att sanden siktas bort frn varje prov sd att endast plantorna aterstar i sikten. Dérefter klipps
resterna av skotten bort fran rotterna, varefter rotterna samlas, torkas och vigs. Dérefter glodgas



rotproven for bestimning av askhalt, och dirigenom kvarvarande sand. Glodningsforlusten motsvarar

rotbiomassan.

Tabell 1. Forsoksuppstéllning

Behandlingar:

Klippning 2 génger/vecka Oklippt

Kvévenivaer (mg N/liter): Kvévenivéaer (mg N/liter):
Griisart: 12.5 25 50 200 12.5 25 50 200
Krypven X X X X X X X X
(Agrostis stolonifera)
Rodsvingel X X X X X X X X
(Festuca rubra)
Vitgroe X X X X X X X X
(Poa annua)
Brunven X X X X X X X X
(Agrostis canina)

Analyser och beridkningar:

e Ts-bestdmning av skottbiomassa: De tva klipproverna per vecka slds samman till ett
samlingsprov per kruka. Det gor att sammanlagt fyra prov per kruka bestdms. Torkning av

samtliga prov sker i 60 °C i 48 timmar.

e Ts-bestdmning av rotbiomassa: Ett prov per kruka bestdms i samband med sista klippningen

och avslutandet av forsoket. Se beskrivning i forsoksuppstillningen.

e Kvivekoncentrationen i grasklippet: Totalkvdvehalten bestdms pé varje samlingsprov for
skottbiomassa, men av kostnadsskil endast for de tre sista provtagningsveckorna.

e Bladytebestamning: Ett delprov tas fran gréasklippet fran respektive kruka for
bladytebestdmning (Li-Cor Inc., Lincoln, Nebraska).
o Tillvéaxthastighet, bladyta per bladvikt (SLA) och skott:rot kvot berdknas

Tidsplan

Forsoket genomfors under varen 2007 och den praktiska delen tar 2 manader att genomfora.

Databearbetning och redovisning sker under hdsten 2007.

Kostnadplan

Medel sokes fran Stiftelsen Svensk Vixtniringsforskning med en summa av 133 000 kr for den
laborativa delen av projektet. Lonemedel for databearbetning och redovisning sdkes fran Stiftelsen
for forskning och utveckling av gronytor for golf, med ansékningsdatum 1 december 2006.

Utgiftspost: Kostnad (SEK)
Klimatkammarhyra, 2 ménader 10 000
Lab-assistans, 141 tim. a 350 kr 49 350
Material (krukor, sand, fullg6dselmedel) 2 000
Analyser :

Kvéve, 384 prov a 150 kr 57 600

Glodforlust, 192 prov a 70 kr 13 440
Loner ' :

Tom Ericsson, 1 manad for handledning av labassistent, databearbetning och redovisning 75 000

Karin Blombéck, 1 vecka for handledning av labassistent, databearbetning och redovisning | 16 000
Totalt: 224 000

Varav sokes fran stiftelsen Svensk Vixtniringsforskning: | 133 000

) Torkning, viigning och bladytebestimning ingér i kostnaden for lab-assistans.

*) Medel till Ioner soks fran Stiftelsen for forskning och utveckling av gronytor for golf, med ansokningsdatum 1

december 2006




Redovisning

Projektet redovisas med en artikel i refereegranskad tidskrift, t.ex. Crop Science eller Journal of
Agronomy. Vidare redovisas resultaten med en slutrapport till Stiftelsen Svensk Viaxtnaringsforskning,
en populérvetenskaplig artikel i branschtidningen Greenbladet samt vid forfragan muntligt vid
seminarier.

Koppling till vriga projekt

Foreliggande ansokan kopplas till en projektansékan hos Stiftelsen for forskning och utveckling av
gronytor for golf, med ansdokningsdatum 1 december 2006. Dér soks dels medel for forskarloner inom
foreliggande projekt enligt ovan, dels for en fortsatt faltstudie. I den fortsatta faltstudien skall de fyra
undersokta gréisarterna odlas vid tre olika kvidvenivaer — max-, min- samt 60% av max-nivd som
bestidmts i foreliggande klimatkammarforsok. Féltstudien kommer att forldggas pa Bioforsks
forsoksstation i Landvik, Norge eftersom det inte finns ndgon ldmplig forsdksanlaggning for golfgris i
Sverige. Fltforsoket utfors som ett samarbete mellan SLU och Bioforsk.

Under faltforsoket kommer griset att klippas tva ganger i veckan pa ca 10 mm hojd och utséttas for ett
artificiellt slitage. Den behovsanpassade gddslingen anpassas till en potentiell tillvéxt utifran de ljus-
och temperaturforhéllanden som rader pa Landvik, och riknas ut med hjilp av en beprovad
simuleringsmodell for gristillvixt. Faltforsoket kommer att visa pé effekterna av behovsanpassad
godsling pé grisets biomassetillviaxt och allokering under faltmissiga vaderforhallanden och med ett
relevant slitage. Studien kan ocksa pavisa om motstandskraften mot vixtsjukdomar paverkas av olika
ndringsnivaer i den behovsanpassade godslingen.

Referenser

Cannell, M.G.R. 1989. Physiological basis of wood production: a review. — Scand. J. For. Res., 4: 459-490.

Blombéck, K. & Persson, G. 1998. Modelling of water and nitrogen fluxes in two different turf grass
constructions. Extended abstract presented at the 16™ World Congress of Soil Science. Montpellier, France
20-26 August 1998.

Ericsson, T., Rytter, L. & Linder, S. 1992. Nutritional dynamics and requirements of short rotation forest crops.
In Ecophysiology of short rotation forest crops. Eds. C.P. Mitchell, J.B. Ford-Robertson, T. Hinckley & L.
Sennerby-Forsse. pp 35-65. Elsevier Applied Science, London, New York.

Ericsson, T. 1995. Growth and shoot:ratio of seedlings in relation to nutrient availability. — Plant and Soil, 168-
169: 205-214.

Ericsson, T., Rytter, L. & Vapaavuori, E. 1996. Physiology of carbon allocation in trees. — Biomass and
Bioenergy, 2: 115-127.

Ericsson, T. 2005. Inverkan av behovsanpassad gddsling pa golfgrés tillvaxt, utseende, och kvéveutnyttjande. -
www.fou.golf.se

Ericsson, T. 2006. Behovsanpassad godsling. — Greenbladet, 2: 74-76.

Glimskaér, A. & Ericsson, T. 1999. Relative nitrogen limitation at steady-state nutrition as a determinant of
plasticity in five grassland plant species. — Annals of Botany, 84: 413-420.

Hedlund, A. C. 2006. Fran teori till praktik. — Greenbladet, 2: 76-77.

Hedlund, A., Blombick, K. & Strandberg, M. 2003. Nitrogen use in a golf green during one season in the Mélar
region in Sweden. 1* International Conference. Turfgrass management & Science for Sport Fields. Athens,
Greece, 2-7 June 2003.

Hedlund, A. C., Blombéck, K. & Strandberg, M., 2006. Three-year study of nitrogen flows and use efficiency in

a golf green in central Sweden. (Manuscript)

Ingestad, T. & Lund, A.-B. 1986. Theory and techniques for steady state mineral nutrition and growth of plants.
—Scand. J. For. Res., 1: 439-453.

Ingestad, T. & Agren, G.I. 1995. Plant nutrition and growth: Basic principles. — Plant Soil, 168-169: 15-20.

Karlsson, .M. 1996. Sportgrisytors etablering och skotsel — erfarenheter frdn markbyggnadsforsoket. Rapporter

frén Jordbearbetningsavdelningen, nr. 89. Sveriges Lantbruksuniversitet. Uppsala.

Orsholm, J. & Ericsson, T. 2003. Varfor godslar vi vara greener som vi gor? — Det &r kanske enklare &n vi tror! —
Greenbladet, 5: 40-41.

Rossi, F. 2006. Seminar on Golf turf grass maintenance. Sollentuna, Sweden, 17 August 2006.

SGF, 2005. Svenska Golfforbundets miljovision och strategi. Svenska golfforbundet, Danderyd. Sverige.



Figur 1
Sambandet mellan, tillvixt och kvivekoncentrationen i blad som funktion av
kvivetillgang och vixtens tillvixtformaga

Tillvaxt Tillvixt

a b c d e
Kvivetillgang Kvivekoncentration

En snabbvixande vixt (2) krdver storre tillgang pa kvéve (b jfr a) och har hogre kvivekoncentration i
bladen vid maximal tillvéxt (e jfr d) jaimfort med arter som véxer langsamt (1). En kvévetillgang (a)
som dr fullt tillrdcklig for en vixt som véxer langsamt leder till sénkt tillvaxt och kvdvekoncentration
(c) i baden hos arter som véxer fort.




