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Nitrogen and Phosphorus Use and
Environmental Problems for Turfgrass
Management

Sang-Kook Lee
Research Institute for Basic Sciences, Hoseo University, Asan 336-795, Korea

Abstract

Nitrogen (N) and Phosphorus (P) are essential nutrients for turf growth. Both nutrients are
required to appropriate amount in their use to prevent environmental Problems. There are
three factors which are pH, temperature, and irrigation methods to reduce the loss of N and
P, and maximize their efficiency. Entire N use has been reduced from 2000 to 2010 due to
regulation change and increase of market price. However, the amount of its use is still more
than optimum range. More researches on the reduction of N use for turfgrass management
are required. The effect of P on turfgrass establishment has been well investigated.
Phosphorus could be excessively applied although a soil test would suggest no applications
and lead to P accumulation in soil. Accumulated P in soil is one of the sources to cause
environmental problems such as unwanted algae growth in most fresh surface-water due to
the inflow of soil with excessive P. Efforts to reduce P loss have been explored in previous
researches, based on buffer strips, soil amendments, and soil types. Eleven states in US have
passed the new regulation to restrict improper use of P since 2005 when Minnesota enacted
the new regulation. Not much attentions of improper P use have been recognized and no
regulations have been passed. The new regulation and guideline of proper P use is needed for
turfgrass management program to prevent environmental problems.
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HH o= APto] Elojof Fith T2|B R 17712] B4 Y4F FollA 7HA] f4ete 1 ol
A& wi= 4A At o] obd o)/ o] UepA| Hit. o] 1774 "4 4 Foll 371
n, C), AF2(Oxygen, O), 424>(Hydrogen, H}E A e]skal 350 B A4 ZFof| A A(Nitrogen, N) <} <
(Phosphorus, P)-2 A1E-2] /372 95l 7P -2 Fol Q715]= Tk 4 (Macronutrients) L&l 3T

20} ol 3| Ago] Hl= ﬂE(Potassium K)2 177F4] "4 Y4 Fof| 51| A EAS *éél% 7820l Hoi=]7|
2o oF80oj7k|e] A4S B/} ok TS Sh= 210 ex] QltHHavlin etal,, 1999). ZHE-2
FO& 19014 3065 AASHL Y= AAE A5t AEA] Woll 7P B ¥ g Exfjsh= 40|t Carow et al.,
2001). et AlEolA] F Qs 177F] 4 Y4 Foll ZHE-2 Aot Aaet Q12 AlgA|UolA 7P B2 dhFe] ¢
2ol 7P B2 3ade Q7ohs B4 YAt ok

AL 1776 THA0] Sekr} JEQFE R} & 2l ofx|of|(Antoine-Laurent de Lavoisier)ol] 2|84 1 247} 28 615
Hom, 1918 £o] 5}8tr} 2] = S (Fritz Haber)2t 715 H47(Carl Bosch)ol] 2J5)) 7HE ShH-H4r %Xé‘ﬂ(Haber
Bosch Process)ol] 2]l 214x0] g1 EjQl QPR oS Al & 4= Q1A 1L, of+= 1900t FA] 1690l Eafetd Q1415
2018 &R} 76,97 0 = ZHEA QI Z7I5HA| El= A E S AlESHAl Hok. ey Aae AAIA L] Al oﬁéﬁk—
50| =7] = sHAR| Rk ZlZ F 7Fs 3l AHA] L AR EFo] S5 S7FoHA| EHA] 2ol & JFFE 5712 5k
THPPFK and UNFPA. 2018). &40 73-9-= 2t} ARE-A] EF Uol] & o] 2(NH,")<] et A4ta(NO,) FEi= EA)
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N &L A3z A 7|} Tl Al o] Jado)) I Q5 o] e ARS A4S 9l5)) I Q 51A] ETHCarrow et al., 2001). wbA] A A7}
HE5051| W 540 B0 2 Mllo] HEsH| B akal/fo] WsiA| Eot. t£at A Ae AEA] ol EAfisk=
= Sttt Aaso]| olofA] 2A == TR T2 2ol= Al A EX, Frje] |4, B
2] Y X 59 Jde ok Awunﬁr ﬂi—‘-j—oé—’i.‘—i‘l, Azo] =3} A, FEA| Lo 2 O%E‘F% kinins, 12} 11 ¥}
X2 52 5= Ethylene 50 THDavis, 1987). A A= AHEQQRS 2 5= Glysin betainex’}
proline®] /g /d+20]7| 5ftt. o] B B, B, o 52 LB Aof A eh= Aot Alagtet. JojE oA Ha
= G, AV Aok 8%, i, Aokt 1744 37, 2E2A A3, thF] Z(Thatch layer) 52 5of| Trofgict
(Carrow et al., 2001). 12|82 Zrjge]oflA] a7t BE51A B FokaA o] of A/dHe] HmAfst Qald o] i
3} 874 £3t 52 oA Hok
ALEA] Yol A] Qle] 7H 28 7152 ol A] AR o] ofghe sk Zo|t. Qlatet 317 (phosphorylation)S- &5
A o YR|7} 5SS QIARR 7| Eol| A ol 27} 5t Al B A Ue] 232 W Q3 ahEo] of|u1f2|7F e E|A| HtHHavlin
etal,, 1999). T3 Q1.2 A1 24 Ujof|A] sliah 2G4 QIX|A, QIThlA nucleotide 5-& T/J5h= 78 Y47t Hch wakA
AepR-e] /g7t FAt A3 B otol] W4 Q1 QA7 ETHCarrow et al., 2001). Q10| FE51A] =W A Aok=e] G4
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Kyveryga et al. (2004)2 B8] & EF pHO| Hisjol| e} Aavt Aish g oz &4 = 2 Sl 152
pH 7.5 ool = AlnlE A F 8997 Ak} 2gol] ofsliA] &Ao] = 1.om, pH 6.0 olsoll A= 39%2] A4k A4t
8t Ip7go]] SJaiM AT Husklck, s 3 o 2 QIgh A £ 0] A, AdRtd ALAnpt B g v 9l
£} Bremner and Shaw (1958)= 2] pH7} 5.0 0[51Q1 7-¢- 28l hofshe Allto] 2H8-0] glof Bagt 2ol ot
o] Ao A glat, A714d E%kOﬂH = 2% 2 o] wh=A| S7RRITAL HAl 5ilth. 12U Simek and Cooper
(2002) B pHe A 2ol 2 e T4 Fethal Hasigith 1 o= 25t S S5 it EYE
2] 2713 o Efe] 4o th2al, et 1% —%% 5F7] IR g 0.2 ES incubation Uloll A S7g2- 215l vl
She ol BEFe] 2710] Hshy| ufzoletal Badgt ul Jltk. Ee] pHi= RIMtsHA| #gkE= Zlo] ofu7] uiol)
Vol Hle B2 pH Fro] ol =g QIA] QIA[SHAL Qe A2 A4 Ta2 SHieh she ¥doM = Fa%t 22l
Oz grh). Ak o 2 BEoF A2 Hedldo] He 2kao] wejAlE e 21sl] ARl E]7] Ko o] FofA|m, 2kFo] A

oz H.IE

rir
>,
o
fu
%
E

r°I

Weed & Turfgrass Science Vol.7 No.4, 2018 299



Nitrogen and Phosphorus Use and Environmental Problems for Turfgrass management

EOHH °Ll 7}3“8 pH 6 501]*1 7V =A Yepdt) E JOHH AlE0] o]-&5h= Q12 H,PO, 2} HPO e 9] Q14HS.
2 EAfeh=t], W2 pHollA] Q12 & Al Feel A9t el = EAlfokal, S/ 0|u 32 pHoll A= Caol A3 FEIZ
T2 ZASI pH 65004 o] B& FHEje] Qlito] 471 7hs57] wfiZol| ]19] 7}&“0] 7P = THStevenson, 1986).
EGF Y 1] 7H84S S7kehe Wilole E W l9] #7151 2 (Mineralization) & g3} sk ®Ro] 9o, of)
pH 7} Q5 Z 70| It} Tabatabai and Dick (1979)°] 2]5FH pH 7.0 O]MOW CaP o] £7)3} 7} o] 2tk B 113h
at Qlck. ARl ofsh Eofo] pH 7.0 o), f71Eka BHo] 5% o wl, F7]5He QlAbe] GRS k200 ug g soil O],
Y Z2dstollA pH 7.0 oot whi= F7131e QIARS] F 2F 1,300 pg g soil = 2F 6.58[Q] xpo] 7} WiTt. Ql4te] AlH] &
2 =0l TNt EYY pH = 6.57F 71 o)/ & o] A9k X )& 9ieh 24 E< pHe 2E nitt oot
ok 229 2A pH H9J+= 5.0-7.02 Table 1(Murphy and Heckman, 2003) 2 229 2|A pH H QS UECT Redtop, sheep
fescue, velvet bentgrassS- | 2|5HH S-2jUetol| A 2 ARE= 2E59] 24 ESF pH H9l= 5 pH6.5S I3kt

A 4ol 7P 2 9T = BN 9] A B 2= 2535°Co g HlwA O 2740 et 2 Zler B
2%} 31 QIeH(Chandra, 1962). -2jUete] 392 2ot FollA] of 57k 2 2h] o] Ad7o] 7H @o] o] o] A= 7|1t
7|z stk 2B e i G8o] ol & u] A AlH|9) 7 2] A7) 7he R dF A=} 4.4°C ofsto] 7]
U B9 257110°C ofotd 797t 71 A eetthHaviin etal,, 1999). B3 2}7o]] of gt A S22 9)712°C
oA 25°C7HA] S7Fohe - 1 =7t F45] S7Foto] Aa A0 L7 7St 250 #1917 25-60°C2] A
S7HE2 Aashd SAT2 H S Hoh 3 EFY] 25271 5-10°C]) 739 2 o] ofgh o) SR
7P A7) o] &) XIeHPowlson et al., 1988). A1 Aol OJ5h AlH]H A ATFo] 85007k2] SRS 2o o] Fof A 4= Ql
ohar Bare vl Qlou, tiFlg ko] 739 2ato]| ofgh A £4-L2- 506 nThe 2 deix QITHCarow etal,, 2001). B
Azt 2ol o3t A A4S Fol= % F Ul 0,8 =5 woiF= ol Atk E A7t =2 A, EYol
A Bajjo] HFo] A A9 w4t & BlX] o= 49, EY Ul 97180 Gdo] o A T2|u 2t A oLji
2stof] ofgt AA4o) AT Eobx] A AH] o] Gap7h4skA| Pt Aitelel 2 s} wpAof dolshe Al &2

Table 1. The optimum pH range for turfgrass species.

Species Optimum pH range
Annual bluegrass 6.0-6.5
Bermudagrass 6.0-7.0
Canada bluegrass 6.0-6.5
Chewings fescue 5.0-6.5
Creeping bentgrass 5.56.5
Creeping red fescues 5.56.5
Hard fescue 5.0-6.5
Kentucky bluegrass 6.0-6.5
Perennial ryegrass 5.57.0
Redtop 5.06.0
Rough bluegrass 6.0-7.0
Sheep fescue 5.0-6.0
Tall fescue 5.57.0
Velvet bentgrass 5.0-6.0
Zoyslagrass 6.0-7.0
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EG U 0,9 57t EoHd 49 1 E50] F55H| st =, Rt 2 0,9] 527t ol 4
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A Hiet o] 2sto] tigh A EA 0] R 59 nho 2 W 5ol 0,9] we vt Hob o 24 BAle 4 Q)
+ A4 A4S SEHH tp 2 Al 52 Eole] EY S 2ok S Zloloh
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Ae R 2 EolM Hop O §47F 58 21 02 UElgth 12U Ql4ke] AJH|7} o] 20i 2] 2] 949k whe 2 Extelof] 2
St 019] Sk Ao 7L gl 7 02 H T QITHLiu et al., 2002; Reddy and DeLaune, 2008; Sah and Mikkelsen, 1986). =5+
EG Uoll EAloh= 71825 Alg0] S4517] 9lgt ikl |2 28k 77)3t 2P (Mineralization)& 21541
EQUl nlEe] &0l B agt), o] nEE0] &5 275 @Al L Es ol 7l Ek wihi] 2=0
Fsat 3 F713h 2gol| 2Jg ER Qlike] k2 Z7FskA| Tt Grierson etal. (1999)= EY UollA] 482, 2%, Al
H| o] =7} Q14ke] 577]3} 1ol bl x|= &l thiohA] A-ATtE E gk u Qlok. ArAxte]] oshH 227} 15°C of
A 38°C7HA] 5713k W Q1ake] F715F 12 13900114 53% 2 57 & 2 0 & UERTE Bower (1949)= B 72}
25,30,35°C2 B3 wl 7713k Q14ke] oF2 SAsHIT. 7713k @14ke] &2 25°C U 11 ppm Of|A] 35°CE &
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Table 2. Elemental contents in cool-season turfgrass leaf tissues following tissue analysis.

Turfgrass Species Nitrogen (%) Phosphorus (%) Potassium (%)
Creeping bentgrass 2.40-8.30 0.20-2.60 2.20-2.60
Kentucky bluegrass 2.51-5.40 0.27-0.49 1.73-3.08
Perennial ryegrass 3.34-5.10 0.35-0.55 2.00-3.57
Tall fescue 3.40-5.40 0.34-0.51 3.00-4.00
Creeping red fescue 3.70 0.34 2.62
Average of cool-season species 4.00-5.00 0.41-0.48 2.10-3.60
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A= 9o, AlE0] It FadkE 017 flelM e -84 71Rke] ks Wi o] PAE| AL QlTt. Wang and Zhang
(2010)-2 1&HTFA Ylollx] EnkE 2|5 ok rrd el kgt EF Uf Q4ke] vlgat 7H8/dell tishA] Addsiith
A AT} B U] QIAte] 718AL 2B a o] -16 kPa T} 25 kPa Alo|of|A] 7H =& 1 0 & L}ERtom EoF U QlAt

H| 82 4-HA2 0] 25 40, 63 kPa of|A] T =2 7102 LR Chang et al. (2017)-2 furrow imrigation (FT), surface drip
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REC QMY Z8o] &2 i HPHolgtn Ld‘t} Uk oz AlEo] Aok S X A7I7] sliid=
wilting point based 2HpHR] o] HAFEI T, 2Lt QIAR] AJH] &8-2 $50]7] IS Al= field capacity based TR0 B &
2% 2oz YAt Aik= Ui Qi
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Qlite] 9 ekE S o= HE AlER A B Hrks EY £40] YRk 0 & Algo] &1 Q)t}, Qlike] EQREA
2 &0 pHoj| w2} Bray-Kurtz P1 test, Mehlich-3 test, Olsen test®] 37}2| 7} AR-8-0] T, Bray-Kurtz P1 test= 1945 University
of Tllinois©] Bray 2} Kurtz ] 2] 3|4} ¥F50] K THBray and Kurtz, 1945). 0] B2 Q3444 hydrochloric) 2 E-5 2 250}
2 89 (ammonium fluoride solution) S FEE2 AFESH= BAH 0 & EQFO] pHY| S0 A} 7.0 Yuff ARgo] H}
Mehlich-3 test= 19843 Adolph Mehlichol] 2|3} A4] BH50] & 0™ 2]-8-ofl= North Carolina ] 2] 24 S A EQRS B
A517] QJailA] 119to] =] QthMehlich, 1984). 2589 O 2 oA EAHacetic acid), Z1AH} 2 & (ammonium nitrate), Z-5-2 2
319} 5 - (ammonium fluoride), Z}4Hnitric acid) and the Z12]]0] E (chelate), ol &l #IT] o} AJo}bA|| E AHethylenediaminetetraacetic
acid, EDTA) 50 23} % 8009 AR5} Olsen test= 19541 Olsen, Cole, Watanabe, Dean'S-0]] 2]3jA] 11Qto] &9 om 2=
Z pH 7.0 o)4F2] B2 EAISHujf ARg-o] HTHOlsen etal., 1954). &80 © 2 = A ALEE F(sodium bicarbonate)-S-
A}-8-3ITY. Table 32 ZPEI%ﬂ of| A AFEE = B QIAREA o) w2 Qlite] 27 WS LFERH o] tHCarrow et al,,
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Table 3. The range of soil phosphorus by the different analysis methods often used for turfgrass.

Extractant Phosphorus sufficiency level (ppm)

Very low Low Medium High
Bray P1 0-4 515 16-30 >31
Mehlich III 0-12 13-26 27-54 >55
Olsen’ 06 712 13-28 >29

Table 4. Summary of averaged phosphorus rate used in different countries.

Averaged amount of P used

Country  Year ) Source of sampling References

Korea  2008-2011 15-25 12 golf courses in Jeju and Junbuk Personal communicati on

US 2007 0.2-1.0 90 million homeowners Scotts Company Report (Augustin, 2007)
Europe 2005-2008 0.6-5.2 32 countries Eurostat
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Table 5. Summary of phosphorus regulations for eleven states in US.

Subject Tllinois Maine Maryland Michigan Minnesota New Jersey New York Vermont Virginia Washington Wisconsin
Regulation 415 ILCS 65 38 MRSA § MD Laws § MLCA § MSA statue § NJSA 58:10A- ECL § 17-2101 10 VSA § VA Code § RCWA ‘WSA 94.643
419 6-201 et seq. 324.8501et  18C.60 etseq. 61 etseq.; 4:9- et seq. 1266b 3.2-3600 etseq.  15.54.500
and § 8801 et seq. 15.13a and § 10.1-
seq. 104.5 et seq.
Year passed/
effective 2010/2010 2007/2008  2011/2011-2013  2010/2012 2002/2004  2010/2011,2013 ~ 2010/2012  2011/2011,2012  2011/2013 2011/2013 2009/2010
Applicators  “Applicator for  All persons Everyone All persons ~ Allpersons  Allpersons  All persons ~ Allpersons  Allpersons  All persons  All persons
affected: hire” (licensed
commercial,
certified
applicators,
and others)
Exempt Golf courses;  Agriculture;  Agricultural — Golf courses;  Golf courses; — Golf courses; Gardens; Golf courses;  Phosphorus Establish Sod farms;
applicators Commercial ~ Phosphorus purposes; Commercial ~ Sod farms; ~ Commercial ~ Agricultural  Sod farms; deficiency; new turf; Agricultural
and allowed  and Sod farms; ~ deficiency; Commercial farm land; Agricultural Farms; lands and Agricultural Establish Turf repair; land and
Phosphorus Agricultural Establish  and Sod farms; Phosphorus lands and Phosphorus  production; lands and new turf; Phosphorus  production;
fertilizer use: lands and new turf; Phosphorus deficiency; production; deficiency; Sod farms; production; Turf repair; deficiency; Phosphorus
production; Sod farms; deficiency;  Establishnew Phosphorus Establishnew Phosphorus — Phosphorus  Agricultural Gardens; deficiency;
Right-of-ways;  Turfrepair;  Establish new turf deficiency; turf; Turf deficiency; deficiency; use; Sod farms;  Establish new
Phosphorus ~ Gardening turf; Turf Establish new repair Establish new Establishnew  Gardening;  Agricultural turf
deficiency; repair turf turf turf Golf courses land or
Establish new management  production
turf; Lawn plan
repair
Restrictions on No restrictions ~ Postsigns ~ Must sell low No restrictions No restrictions Sale prohibited Display Display Sale of lawn ~ Sale prohibited No display but
Phosphorus about fertilizer ~Phosphorus to consumers ~ Phosphorus ~ Phosphorus — maintenance unless foran may post sign;
lawn fertilizer use at point of ~ fertilizer for unless for fertilizer fertilizer fertilizer allowed use  Must sell only
sales: sale lawns unless deficiency, separately; separately; prohibited;  and properly  for specific
organic new turf, or Post Post Can sell labeled; Can purposes
and sold to turf repair educational  educational  existing stock  sell existing
professional signs signs stock
oll &715] /g7d3t Kentucky bluegrassS- 0] A3 wf 3105 Qlof] ofgh HE4 /-2 w2 2Qttkar Bugich Ad
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