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Microbial Activity of Golf Course Soils
with Different Open Year

Lee, In-Sook and Ok-Kyung Kim

Department of Biology Science, Ewha Womans University

ABSTRACT

The relationship between microbial activity and physico-chemical characteristics of golf course
soils were investigated in Kyonggi Province with different open years. The increasing tendency of
soil pH with depth seemed to the result of mineral leaching. Exchangeable Ca?T, Mg?* and KT
showed relatively higher concentration in lower horizon indicating the leaching of minerals. The
minerals were heavily leached in older golf course. There was a significant positive correlation be-
tween pH and Ca?", The contents of organic matters, total nitrogen and phosphorus were high in
higher horizon,

Dehydrogenase activity(DHA) and the content of ATP were determined as an index of soil mi-
crobial activity. DHA value was significantly different with golf club as well as golf courses ac-
cording to different open year. This indicates that DHA was affected by several fertilizer
treatments rather than herbicide pesticide treatments., DHA was positively correlated with water
holding capacity and total nitrogen. The content of ATP was high in fairway and in golf course
with older open year, showing the similar tendency with the results of DHA.
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Table 1. Chemical propertities of soil profile in golf course(& 5, 1993)

Soil OM Av, Na K Ca Mg TN
Profile ~depth pH (%)  POs (%)
A 0~ 6 434 502 245 033 030 116 0.08 0.16
Hanyang Az 6~15 455  0.41 326 005 028 080 0.06 0.04
B, 15~40 4,60 0.69 13 0.46 0.57 1.52 0.19 0.09
New Ay 0~12 3.92 310 130 0.40 0.46 090 0.08 0.12
Korea As 12~30 4.69  0.55 20 0.49 0.29 2.56 0.37 0.06
B, 30~60 4,67 0.21 10 05 029 262 027 0.03
Royal A 0~13 4.42 3.75 28 054 048 049 0.01 0.11
Az 13~35 4,39 0.48 9 0.14 033 0.81 0.06 0.04
B: 35~100 4.72 0.21 7 0.11 0.24 0.86 0.06 0.05
A 0~10 5.64 0.07 64 0.15 0.33 3.01 0.41 0.03
Nasan A 10~28 5.58 0.07 20 0.08 0.21 3.29 0.66 0.02
B: 28~50 523 014 16 0.08 2.19 1.60 0.23 0.02

(# %, 1993).

FX3 EL tee, fairway, rough® Vo] ZALS B8 318A EA(Table 2)2 3=3)
AFAo A ZARE $Euel FZ a2 EYAE(0] F, 1993) 9 v WA F71EFEHN UL &
S B a9 w5 ¥A el f Akl At gu)r)7ie] BoldFE Zrlete 4TS

Bolglgt Aoyt FxF7EY F-oF Q) Aol gller Al FT:Zo| A =% 50ppm v vro
2 RYE5HE 32 vehtA &gt

pHe X370 #£932] 2ol& Y =ul(P<0.05) AFAdE7t oald #elZz Ao A
717 A e, Cad Mg(Fig. D= #9l3 A4S 1o 3 5(1993) 2 A9l 45
st g 2

Table 2. Mean values(standard deviation) of chemical characteristics of the investigated golf courses
(ol<} 7, 1994)

Courses pH OM TN Av. P,0Os Ca Mg Na K
(%) (%) (ppm) (me /100g)

5.000.18 3.680.55 0.180.09 45.644.50 1.170.05 0.130.01 0.030.01 0.140.02
5.000.20 4.771.14 0.240.10 21.271.51 0.800.14 0.090.05 0.090.05 0.110.01
4.800.16 4.890.70 0.250.08 5.631.10 0.830.07 0.090.01 0.030.01 0.060.01
5.290.10 5.390.85 0.180.03 23.862.68 1.140.08 0.130.01 0.030.00 0.100.01
5.200.07 5.220.87 0.170.03 18.651.44 1.120.07 0.420.28 0.050.02 0.100.01
5.550.05 4.700.39 0.160.04 9.391.60 1.270.27 0.140.03 0.030.01 0.08 0.00
5.370.15 4.030.28 0.110.01 23.931.60 1.370.12 0.150.01 0.030.00 0.140.01
5.480.17 3.680.49 0.100.01 30.502.19 1.710.27 0.190.03 0.060.02 0.080.01
5.230.09 4.150.26 0.110.02 13.301.39 0.970.06 0.120.00 0.050.02 0.090.01

Kwanak

Gold

Korea

b B R R RO T

T:tee, F:fairway, R:rough
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Fig. 1. The relationship between pH and exchangeable Ca and Mg content in three golf courses.
A ;Kwanak, X ;Gold, M :Korea

dutdez At g 93] 3€AA 108 Atelell A 6~93]o] HA teeoll= 20gN/m? /[y,
15gP;0s /m? /y, 20gK,0/m? /yE& AlW]&ln, fairwaydle 18gN/m?/y, 12gP,0s/m?/y,
15gK,0 /m? /y& Au|(Z 23] A B A F2HE, 1992)81 o3 AE Jo2 v Fof tee
o} fairwayoll Al N, P, Kzko] <zt A vhelsic).

SEZ A E2ke| dehydrogenase activity
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A gt Edel Mg 4uA, AzA, 4FA 5 33 B, vAER B, B Fo
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A Aot

A gl o e vAE EF] HH 2NN &Ed] dold F leH 2E, FE, F
71 8 #7] 942, pH 59 BR800 o8 dFS LEch WAL 85 BFT 20YFE
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flora)ol] G F& vt} MBS A3 TFAE, F303EE 59 BA4L oAse £
g Feld EF 49 ST JA
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Lenhard(1956) = E9keo] nAE Ao #3F AFolA 2,3,5-triphenyltetrazolium chloride
(TTC)E 2183t B9 triphenyl formazan(TPF) o2 $92 o 7|25 =9 EFELYl
ol&] gt i=cty B st

£7129 AHEAH Aslrl @443 (dehydrogenation) R ol E ke B B4iaav)
Ao MEWHOoE g3ty z+ Fae 2z whgdl e tled] specificdtth. AT U °
A0 4L 2H3E AL EX nAE fARF Y 55 & Jeh) EoH(Skujins, 1973).
Z398 e TTCr TPF2 399 o Agd HY 4& AAste Rolch(Fig. 2).

XH, + A X + AH,
(TTC) (TPF)

I. - HN—N==C —N=N + H* CI’
O=r—re e 1T
9. C O O
N N
N/
c

: Tripheayl formazan

2,3,6-Triphenyltetrazolium ghloride

Fig. 2. The reduction of TTC(colorless), forming TPF(red).

ol TPF 1mg Aol 150.35ml HE 878tk 97| A XHee f7188E, Ae F47
232 Jehdth o] Hheg ARLE S F28HA sto] Bl SHjutgoA A Erasd
s HHH o7 25 Aoty DHASH L 43z W% w1z, pH(CaCOE A7t
A HBE £E2L FAF), 22(37C), HFAH2UAZ), EFEETHUT), TTCEE
(1%), 4715 &3, CEC, Azt ARo] Eurgr Aagolt opd g, &, &, 349 59 #
o) wet F9-d. 0,549 dehydrogenase activity(DHA) el 2121 F&3A7F A
o, wte gl ol O, B= TPFAIAFE B8 #A7) 88 )= gskch(Tabatabai, 1982).

ZA g TR tee, fairway, rough'd DHASE (Fig. 3)& 4¥yd Felo} 71ER] ZY 9
79 69.83~95.8 pg /go. 2 ¥lmA RFgot Frof Aot HEF P2 2447} 105.63~314.43 ¢
g/g, 133.57~311.96 pg /gL 2 vl ¥ ¥ & vetilon #4449 23 DHAE
A ZEZA 7o) f-H Q) ZHolrt gl Aoz YEhyt) ol &M =oE vt Axo] AFdEel
e AHY EHE B 5 Jon E3ug € fr1Edo] EG AMEHY FFE FES ol &
sto] DJAEE HFsA v £33 DHAE ojd 54 ngE FATo] oilgt 27/, F%°],
actinomycetes, A% 5 F8 WAE £ gF43tE FAHoE YehlEoh

DHAE teer} 73.38~133.57 g /g, fairway7F 69.83~314.43 ng /g, rough”} 95.89~176.80
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Kwanak Gold

Golf courses

Fig. 3. Dehydrogenase activities of three golf courses, DHA was expressed by the content of TPF,
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Fig. 4. The relationship for DHA and WHC, and DHA and TN in three golf courses,
A ;Kwanak, x ;Gold, B :Korea
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W R2E Jue gy o HEol oA (AT F, 1973).

ZAME 2x4¢] DHAgY e E83std 24258 Was) A& 4 (Statistical Graphics
Corporation, 1987)3] &% DHAE €4% 2 Ad4%3 {93 A4#(Fig. 4)& e,
ol W AE &Xo] CEC, AAAia%d Hdwo] dvte Bixd EY T35 §ZF2 nAdE
A% 2D AL ZAE Ohya ef al. (1988) 3, A -&ol X3 FAELS] n|YEHF S ZAME
Kim and Lee(1993) 2] A9} U x|5t= 73S wo|m, 3 Harris and Birch(1989) & #4H&
FA M EF u]YEZY S 246G S W) DHAE A 24F7 F 4ol doer &% &
ALF FolF gl vk B v vk

ZZIA EUQ ATP &%

E<ko] ATPIHE odse mAE &9 22 X42A By ohjzl (MacLeod ef al.
1969 Lee et al., 1971; Ausmus, 1973; Paul and Johnson, 1977), 91 A& HAFE SH st
goz oz AFoA AleE o] i (Oades and Jenkinson, 1979; Jenkinson et al., 1979).
Jenkinson et al. (1979) ATPS} mAE A go] M4 #A(Fig. 5 UxS HIx,
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EXTRACTION OF ATP FROM SOIL
soml polypropylene Centrifuge tube (Sterile) x
\,
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| A KA plus 25ml plus 25ml
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ULTRASONICATE ot full power (150w) for
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= 12.5mm dicmeter probe tip held | cm "
below liquid surface
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Cool on ice for gt least S min
after ultrasonication

r: 335
(=5 !
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FILTER EXTRACTS using Whaotman
Ho.uy filter paoer (Sterile fluted)

NOTE: If
filtrates are
(NOTE: Extracts can be storeg at pH 2.0,‘
-15% at tats point if frozen auickl receat using
to agvoid lgrge ice crystal formation) less soil.
: For soils with
" 100m1 5% organic
- Sterile flask — meiter use @
4 2.5-1.C5 sci!t
A————— £(TRACT A EXTRACT 5 —‘i—_—j ] sgmole
NEUTRALISE EXTRACTS: - ‘A
A
7

S0 ul Extroct

4 l

Luminometer 2

4 Sterijle
N test tube
Sai TRIS-EDTA BUFFER 8
&

V 4

Pl
Cuvette
RAPIDLY INJECT 2 x 35 ul LUMIT-PM
into o luminomter cuvette containing
K&_—/—/-Z-— 250 pi soll extract/buffer mixture Sl—-): {

Fig. 6. Measurement of ATP in soils(Jenkinson & Oades, 1979; Tate & Jenkinson, 1982; Inubushi et
al., 1989).
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Jenkinson and Ladd(1981)& w4 & A 7ol I R2S FHANZ A HE Az
A ATP7} ml 8 AAZFS Yehlle $43 F=g 1 st

ATP &R0l oA g 2l dAE AFstY ¢ 53] Aeld A7) M= lucif-
erin-luciferase system(Eiland, 1979: Tate and Jenkinson, 1982; Sparling and Eiland, 1983)
o] #2 AM&Hol At EYNEE 50% 5% FElAM 24cdA 597 §AA7 T
trichloro-
acetic acid phosphate-paraquat reagent2 ATPE %%, Tris-EDTA buffer® Z3A|A o] &
&S LUMIT luciferin-luciferase enzyme(Fig. 6) 3} w+-¢A|A 1 328L luminometer 2
273l Zo|th(Inubushi et al., 1989).

ZAHE Al 2239 ATPEEE ol AL AP A 0.17~1.42 w8 /gL 2 THF Bk
3, 2= #et PER YL 42} 0.60~3.67 pg /g, 0.22~2.18 vg /g2 JERT), Tee, fair-
way, rough 92 ZHHEWA fairwayol A 714 & 73S Jebd(Fig. 7), #eta To AE7]
AYNA = teeRt} rougholl A B EUTh ol %A AA g DHAQ A3} (Fig. 3)9 A 3
FE Bolx it
AzAG &2 Fo] Edwdelv 1 AW viXE dF L SRS oy 1 ¥E, 1
I AR Qs A A AxA e} O 2EANY EAHoR Yo kg ERsis
4 HEE MATFE F2ANA GAY a8 2 FFE 1A g=cH(Tyunyayeva ef
al, 1974). 231} olote dRH o2 AFAE o BHe] Yo AdAY F JxE 2R
TEOLE Ui E A2y fuA) e} o] et el B Ws ERA T4 oA
E B "9Ed old Afde AU ALY wWart 2Asr|= #oH(Ridge and
Theodorou, 1972). &3¢ Y8 FEZ £& S5 243t s2oatn A ZE /A2
el HsstA FFE viXE AL olyL, oW 2L Fao] PAHAD E 2 FL e

A

W2 EAY Q37

2
5

T 77 """ no

ATP{ug/g)

Kwanak Gold Korea

Golf courses

Fig. 7. ATP contents of tee, fairway and rough in three golf courses.
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