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Abstract

Research was initiated to evaluate four domestic and overseas organic soil amendments
@ (SAs) on turfgrass groundcover and density and to provide basic information on practical

sports turf establishment. This study was conducted in Agrostis palustris Huds. (CB) grown
in sand-based root zone. A total of 20 treatments of SA+sand were prepared by mixing
10 to 50% (v/v). These amendments were SABP (Berger Peat), SAEP (Eco-Peat), SAGS
(G1-Soil), and SAPP (Premier Peat). Turfgrass groundcover and density significantly
varied with SAs, its mixing rate to sand and week after seeding (WAS). Cumulative
turfgrass density was variable, but a great change occurred between 2 and 4 WAS. Turfgrass
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Az Z RS Tt golskal ESF AR S5 4 Qe AR A o] B4 ok 1 EA Ax =8 i
ol X EoF 11431E al4st7] ol Refl Z[5ke] A Sl EGINFANE ARE-SHL Qth(Puhalla et al., 2002).
oA TS AT o g T3 0] AT o= ESFNFANE EFsto] 24kt ol BeEE, H44
9 HH|8-S A -o| 2430 82 27| 22 4l o 2248 A A F7] ol o]tk (Kerek, 2003; Koh et al., 2006;
Lietal., 2000). EF7RZA ol Z3=|o] Sli= 7 E2 ESTE 2 57148 714, EG8 7241 Fol vi$- 7-8-51H,
EH Ao Q3 YRS FFal F= G = A It A]etef] 3] FFS = 4 U th(Bandaranayake
et al., 2003; Kim, 2013).
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714 EF A 5 EG S /NAA 71 /3 0] YIth(Kim et al., 2009). E3F ES7N A= v &
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nE
=
o
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tru

AT U -8 v ES F7HA 7= S QJth(Ham et al., 1993; Puustjarvi and Robertson, 1975).

FUHOA Ak =g Fhjete]] T2 ARSI Qe 7138 E7IEAlE HEolth B E= o=ollA st w
woll A1F Al H]-g-REo] I, =] 0 2 laf) A% ol 4] T AAIEC] H30] 27] R} 417] o7 whol =
A1 ESNEA O] -85 A54 02 HESh= Ao] vierAlsiet, sPAT =] EG7IE A= 1 el Higt
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Y E gl 54t 7718 EGTNEA A it A4-71 2 a5t

UM 7718 EGNEA e 771 Y-S TLR ATl A £35S aate] digt A2t
= QJATK(Choi et al., 1994; Ham et al., 1993; Ham et al., 1997; Kim et al., 1992; Kim et al., 1998, 1999; Kim, 2009a,
2009b; Kim, 2011; Kim 2012, 2014a, 2014b; Kim and Park, 2011; Koh et al., 2006; Lee, 2003) =4+ & ]=41 E
PN el Tt B4 A7 I AT dlolHis A o] gl et

B AP R4 W ES TR FH 9] EPANAL Lo MET A0 27] BA U UL 1]
BIHE ZAFOR oF5 AA1E ol g oA T 24 A BEY S U V24 RE Q1A AL 5 A

ol AHE-E| L Gl TrFet EQp A0 A vl e} S Rl A1 B Al 7 B NA 5 H1 o] 25 )
22 vl 47|40 2 Bl $EskaA Sastelct.

= Y

SAAl=
A Z2F-2 AUl A ZoA o) Wol Azstal Q= A2]g HIE T2 (4grostis palustris Huds.) S AH-8-6H59.2.
, B2 o] 7P go] o] 8% 11 Q)= ‘Penncross’ &5 (Jacklin Seed Company, Post Falls, ID, USA)= A&
SFATH Tae et al., 2006). = A oA EGNEA A 2]+= 7714 ES7HZFAQ SABP (Berger peat; Les Tourbié
res Berger Ltee, Quebec, Canada), SAEP (Eco-peat, Nature & Environment Co. Ltd., Seoul, Korea), SAGS (G1-Soil,
Nature & Environment Co. Ltd., Seoul, Korea) & SAPP (Premier peat; Premier Tech Horticulture, Quebec, Canada)
= EEH ol 10-50%*] ioP(%, v/v)ste] A 207] A 2] +-E =4 5F T Table 1).

= A}%ﬁ}aic}(lseard, 1982)(Table 2). E7HeFA] SABP, SAEP, SAGS X SAPP L5 =] A% oﬂﬂoﬂ A At
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54 AL Q= TRE S SABPS} SAPP A= =4t M ER {75 o] 94.7-95.8%, 74T (pH 3.60-3.78)

FAoIth I = SAEP, SAGS EFNFA = FHHt e 2 f71& Aol 66.5-90.6%, F4H3(pH 5.40-6.13)
] —‘:: 3< le = MOl 015 SAGS EFNZAE 7718 0] 66.5%2 71 WA, Al eetolE &
SHa51 Q= JEFA o th(Table 3).

Table 1. A total of 20 treatments for investigating the effects of soil amendment on turfgrass establishment and
density on creeping bentgrass grown in sand-based root zone.

Treatments
No- Soil amendment” Rootzone mixture (%, v/v)*
1 SABP 10 Berger peat 10 + sand 90
2 SABP 20 Berger peat 20 + sand 80
3 SABP 30 Berger peat 30 + sand 70
4 SABP 40 Berger peat 40 + sand 60
5 SABP 50 Berger peat 50 + sand 50
6 SAEP 10 Eco-peat 10 + sand 90
7 SAEP 20 Eco-peat 20 + sand 80
8 SAEP 30 Eco-peat 30 + sand 70
9 SAEP 40 Eco-peat 40 + sand 60
10 SAEP 50 Eco-peat 50 + sand 50
11 SAGS 10 G1-Soil 10 + sand 90
12 SAGS 20 G1-Soil 20 + sand 80
13 SAGS 30 G1-Soil 30 + sand 70
14 SAGS 40 G1-Soil 40 + sand 60
15 SAGS 50 G1-Soil 50 + sand 50
16 SAPP 10 Premier peat 10 + sand 90
17 SAPP 20 Premier peat 20 + sand 80
18 SAPP 30 Premier peat 30 + sand 70
19 SAPP 40 Premier peat 40 + sand 60
20 SAPP 50 Premier peat 50 + sand 50

YSABP: Berger peat (Les Tourbiéres Berger Ltee, Quebec, Canada); SAEP: Eco-peat (Nature & Environment Co. Ltd., Seoul, Korea);
SAGS: G1-Soil (Nature & Environment Co. Ltd., Seoul, Korea); SAPP: Premier peat (Premier Tech Horticulture, Quebec, Canada).

“Sand: pure sand meeting United States Golf Association (USGA) recommendations in Table 2, which consists of sand over 90% between
0.15 and 1.0 mm in particle size.

Table 2. Particle size distribution of sand for rootzone mix with organic soil amendment in the study.

Particle size distribution (%)

Particle size

(mm) Gravel  Very coarse  Coarse Medium Fine Very fine Silt Clay
2.0-3.4 1.0-2.0 0.5-1.0 0.25-0.5 0.15-0.25  0.05-0.15  0.002-0.05 <0.002

USGA? Spec. <3% <7% 260% <20% <5% <5% <3%

Sand 1.00 2.54 84.20 10.00 1.42 0.21 0.10

“USGA: United States Golf Association.
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Table 3. Source, origin, and chemical properties of organic soil amendment used for rootzone mix in the study.

. . Electrical ~ Cation exchange Organic
Sample Soil .. .. .
code amendment Origin pH conductivity capacity matter
(dS/m) (me/100 g) (%)
SABP Berger Peat Canada 3.78 0.115 124.6 95.8
SAEP Eco-Peat Korea 5.40 3.830 74.8 90.6
SAGS G1-Soil Korea 6.13 2.100 38.3 66.5
SAPP Premier Peat Canada 3.60 0.171 127.6 94.7

“SABP: Berger peat (Les Tourbiéres Berger Ltee, Quebec, Canada); SAEP: Eco-peat (Nature & Environment Co. Ltd., Seoul, Korea);
SAGS: G1-Soil (Nature & Environment Co. Ltd., Seoul, Korea); SAPP: Premier peat (Premier Tech Horticulture, Quebec, Canada).
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Fig. 1. Turfgrass groundcover at the end of study of creeping bentgrass grown in sand-based root zone. Treatments
as described in Table 1 were comprised of four organic matter amendments and sand. These amendments were
two imported peats of Berger Peat (SABP; Les Tourbiéres Berger Ltee, Quebec, Canada) and Premier Peat (SAPP;
Premier Tech Horticulture, Quebec, Canada) with two domestic soil amendments such as Eco-Peat (SAEP; Nature &
Environment Co. Ltd., Seoul, Korea), G1-Soil (SAGS; Nature & Environment Co. Ltd., Seoul, Korea). Treatments were
arranged with these amendments at five volume percentages (10, 20, 30, 40 and 50%; v/v). The remaining soil for
each treatment was a pure sand, meeting United States Golf Association putting green specifications. Different
letters indicate significant differences among treatments, using a Duncan’s multiple range test at 2=0.05.
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Fig. 2. Cumulative turfgrass density of creeping bentgrass grown in sand-based root zone. Treatments as described
in Table 1 were comprised of four organic matter amendments and sand. These amendments were two imported
peats of Berger Peat (SABP; Les Tourbieres Berger Ltee, Quebec, Canada) and Premier Peat (SAPP; Premier Tech
Horticulture, Quebec, Canada) with two local soil amendments such as Eco-Peat (SAEP; Nature & Environment Co.
Ltd., Seoul, Korea), G1-Soil (SAGS; Nature & Environment Co. Ltd., Seoul, Korea). Treatments were arranged with
these amendments at five volume percentages (10, 20, 30, 40 and 50%; v/v). The remaining soil for each treatment
was a pure sand, meeting United States Golf Association putting green specifications.
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o & 149 A= H @ 51tH(Kim and Nam, 2003). 5HARF 2.2]3 Wl E 724 0] grol A oA ¢ 52 5-6Y
Atolo Jrokg: 75%°] =25t th(Kim et al., 2010).
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Table 4. Summary of proper mixing rate of soil amendment on the growth characteristics in creeping bentgrass in
the study.

Proper mixing rates of soil amendment (%, v/v)

Organic Turf establishment Turf density
amendment

Good Poor Good Poor
SABP 10 30, 50 10 30
SAEP 50 10 40, 50 30
SAGS 20 10, 30 20 10
SAPP 50 10 40, 50 10

“SABP: Berger peat (Les Tourbiéres Berger Ltee, Quebec, Canada); SAEP: Eco-peat (Nature & Environment Co. Ltd., Seoul, Korea);
SAGS: G1-Soil (Nature & Environment Co. Ltd., Seoul, Korea); SAPP: Premier peat (Premier Tech Horticulture, Quebec, Canada).

=

ruz

T 2 Jo O mx

=
oo & U

(]
T
=

oA L& Y AL S BT 123 2P HE A0 B 4 SFH&2 /7
FA ol it thE A vebstt shx] et mefol] 29tet f714 Bk A 9 i@lﬂl%ﬂ Eopas
SfjA =2 WIE T2 A 0] g2t 9 I 7} HEE A] FE gk 22 o ¢{th(Table 4).
FA E-5oll thef 5] SABP EG/N A= 23H&0] 71 A2 10% 23l A %*Z o] 7F4F =9kar
&ol =UE 50% EFTollA 2o]7 Fzhe2 otk o] Refjof Ao EYNEA =2
Kl o 2 ity 7ol §-8-0kAT, dttotA 29tet ¢ EQF EulA B 3t o] Aol Eafst
Aoz et it

ool A BT S St RSl & - ofehd, Edtvlg 2 St o] whe} th=ri(Waddington,
1992). T2t Bethke (1988)= ¥RHA Q1 T E S9H8-2 5-20% Ate] o] Z|Rt, Zho]idrof| jctolA] =39t Al 23t A A5
o] &7 - 3} Ol A37foll EefobA 28 4= Qrkal Bkl

fm = fm
=
)

~ T
FIOII

jul)
E
o

o
olN

N
L

ol

°l
ox 4
oS
)

o
e

_,d
B

W ot

2,
2

ot
=4

rlr

Aoz TG Bl EqFol 223 i Elﬂii% A A Sk E o] Hd8 4718 EGUNEA
= Q= nEQ] SAPPSB} U4t Q] SAGS EF-& e kAT 7718 EREA Fol ot 3het
2 EAol ft2 a1, Wokg, 27 @ W AtEE & JJ% EA digh ol th2A vehd 4= 7] Wi g2oll =%
olof gt A+ 9 AT o] P astt. dffold AFAX oA go] ARSI Qe T E § ENFAE
A= g B Ao whet B59, 57, GUE ol 21, EGAE I oF gzba] /g of| 4] ZH4Hd (pH 3.0-7.5)7F
A treFst7] wiZo|th(Lucas et al., 1965). E3F e ol A EY7NEA k= ES7IFA S 2 - 3fetd, 23
& % EFES et b 4 Qlth(Waddington, 1992). 223 IEI# A WY 7o f7]& &5 o8
g Aol 4] Kim et al. (1999)2 341 EQF 242 oA Alg A AT =g AY452] 23]
&2 AHok= Aol AlF H-8 A3 3 o] e 2] T g ol B 5k

T3

Kim et al. (1992)-2 = E7} 27 (Zoysia matrella [L.] Merr.) 2] AJ-&-0]| n] 2= &3} Ao A 0 E A8
of wa} Fxj2]tof vls| T vl o]4ke] -L57 avHE Bt SEAIRF Ham et al. (1993)-2 24
o] FHmR K71 NN BE AIE ZARE A4 B 16%2] BSF7H elstqirt. = 1t

N

=2 9
_>C4 QlN
X,

Ao o

]_

154

Weed & Turfgrass Science Vol.7 No.2, 2018



Effect of Four Soil Amendments on Turfgrass Establishment and Density in Creeping Bentgrass Grown in Sand-based Root Zone

| EPA Az ol wet el e ik 9 Aol thE A vekd 4= 9lek. o] 3]st Aol 7}
2§71 BNl A4S Bl B - b % mAE
]-qm Mxﬁz x}d 7(4 ] J,} 17@(‘)_] T,t_l_ A ol /\g%@;g Al E

>
o,
N,
=)
Mo
o
oo
;LL
‘:

-

Q= At H EE 2alo A Ul o] EYNEEAN 4577 228 E A 0] 27] G2 gl i o] v
BEFE IAT OB T 24 A] AR 83 5 Q=72 RE D7) Sl S35kl A 2071 A =+t
= A 2ol 5714 EH=FEA Q] SABP (Berger peat), SAEP (Eco-peat), SAGS (G1-Soil) ¥ SAPP (Premier
peat)E 10-50% (v/v) Ato] Egcto] FH|SHIh A2 ME T A0 7] g2t 9 W Hil= EIEA SF
of| whet -F-of gt 2ol 7} vreputeh. U = A A1 A )1 ]S YehubA] w2 & A5 271 2] 2] 36.7% (SABP
30)°l1A1 232 89.7% (SAGS 20)7HA] A 2]+t 2}o| 71 53% 74 &= Lrebdth, SEA|R b 65 S5 Ad<57] W 4
ol =254 SABP % SAEP U5 S5 Aot 2 A 2] Ftoll A I E = 90% 9= Hsklrh A
A F= A FF %W%% 2|2 60.7% (SAEP 10)°l4 |11 96.7% (SAPP 50)7HA] Z 2] F7+ 2] 7} 36.0%L 27|
1JrE‘r‘)fE‘r ZPEl & % Yo et A E-&-2 JNEA SRl whebA] AAskA] ¢t SABPLFSAGS i
S 217} 10% B 20%2 LR AT SAEP} SAPP 7 A= 50%7}F 22 2] v]-& 2 Yebgttt.

Hof ZherA ol 248 =4 7 _E._O‘F7HE’FZH4 A T8-S AA A AR A-L35=

o] B astH, ot T 8 ] ZFo A =4t B Uit EGZNEANZ Aol v 2= FE2Q] 24

J

9 AH S Fo AT -8l FE5H Ao HiErAste,

A
pal
4
Zool: Zeg M, U, ARE B8, BN, 2T 228

ACKNOWLEDGEMENTS

This paper was supported by the Sahmyook University Research Fund in 2018.

REFERENCES

Bandaranayake, W., Qian, Y.L., Parton, W.J., Ojima, D.S. and Follett, R.F. 2003. Estimation of soil organic carbon
changes in turfgrass systems using the CENTURY model. Agron. J. 95(3):558-563.

Beard, J.B. 1982. Turf management for golf courses. Burgess Publishing Company Minneapolis, MN, USA.

Bethke, C.L. 1988. A guide to the selection of peat for use in turf. Golf Course Manage. 56(3):100-112.

Choi, B.J., Shim, J.S. and Park, H. 1994. Effect of organic material, active carbon and magnesium on the growth of
Zoysia koreana. Kor. ). Turfgrass Sci. 8(3):193-199. (In Korean)

Weed & Turfgrass Science Vol.7 No.2, 2018 155



Effect of Four Soil Amendments on Turfgrass Establishment and Density in Creeping Bentgrass Grown in Sand-based Root Zone

Ham, S.G., Kim, S.T., Kim, H.J. and Lee, S.K. 1997. Effect of IBDU complex and organic fertilizers for creeping
bentgrass in golf course. Kor. J. Turfgrass Sci. 11(3):167-172. (In Korean)

Ham, S.G., Lee, J.J. and Kim, I.S. 1993. Effect of application of organic fertilizer on the growth of Korean lawngrass
(Zoysia matrella L. Merr.). Kor. J. Turfgrass Sci. 7(2 - 3):61-66. (In Korean)

Kerek, M. 2003. Labile soil organic matter as a potential nitrogen source in golf greens. Soil Biology & Biochemistry
35(12):1643-1649.

Kim, D.C., Shim, J.S. and Chung, W.I. 1992. The effect of peat and chemical fertilizer application on the growth of
Manilagrass (Zoysia matrella Merr.). Kor. J. Turfgrass Sci. 6(2):83-88. (In Korean)

Kim, G.H., Kim, K.Y., Kim, J.K_, Sa, D.M., Seo, J.S., et al. 2009. Soil science. Hyangmoonsa, Seoul, Korea. (In Korean)

Kim, K.N. 2009a. Effect of soil organic amendment mixtures with water-absorbing polymer on growth characteristics
in perennial ryegrass. J. Nat. Sci. Sahmyook Univ. 44:161-171. (In Korean)

Kim, K.N. 2009b. Effect of soil organic amendment and water absorbing polymer on growth characteristics in Poa
pratensis L. Kor. Turfgrass Sci. 23(2):317-330. (In Korean)

Kim, K.N. 2011. Effect of highly water-absorbing polymer on turfgrass quality of creeping bentgrass, Kentucky
bluegrass, and zoysiagrass. Asian J. Turfgrass Sci. 25(1):59-68. (In Korean)

Kim, K.N. 2012. Effect of polymer, calcium, perlite and chitosan in soil organic amendment on growth in perennial
ryegrass. Asian J. Turfgrass Sci. 26(1):24-34. (In Korean)

Kim, K.N. 2013. STM series Ill: Turfgrass establishment. 2nd ed., Sahmyook Univ. Press, Seoul, Korea. (In Korean)

Kim, K.N. 2014a. Effect of polymer, calcium, perlite and chitosan in organic amendment on growth in Kentucky
bluegrass. Weed Turf. Sci. 3(1):19-28 (in Korean)

Kim, K.N. 2014b. Effect of organic soil amendments on establishment vigor, seedling emergence, and top growth in
Kentucky bluegrass. Kor. J. Hort. Sci. Technol. 32(2):133-141. (In Korean)

Kim, K.N. and Nam, S.Y. 2003. Comparison of early germinating vigor, germination speed and germination rate of
varieties in Poa pratensis L., Lolium perenne L. and Festuca arundinacea Schreb. grown under different growing
conditions. Kor. J. Turfgrass Sci. 17(1):1-12. (In Korean)

Kim, K.N. and Park, S.H. 2011. Effect of high water-swelling polymer rate on seedling survival of major turfgrasses
grown on soil organic amendment mixtures. J. Kor. Env. Res. Tech. 14(2):21-32. (In Korean)

Kim, K.N., Bae, Y.H., Cho, C.U. and Park, S.H. 2010. Germination characteristics and daily seed germinating pattern
in new varieties of the third generation of creeping bentgrass grown under ISTA conditions. J. Kor. Env. Res.
Reveg. Tech. 13(4):30-41. (In Korean)

Kim, K.N., Goss, R., Park, S.H. and Shim, S.R. 2013. A greenhouse study comparing local soil amendments with
overseas peats as an organic source for rootzone mixes in Korea. Int. Turfgrass Soc. Res. J. 12:819-823.

Kim, K.N, Koh, S.G., Kim, Y.S., Shim, S.R. and Tae, H.S. 1998. A Study on the rootzone mix in the multi-layered soil
system. 1998 Annual Fall Meeting Abstr. p.34-35. J. Kor. Inst. Landscape Architecture, Youngnam University,
Gyoungnam, Korea. (In Korean)

Kim, K.N., Nam, S.Y., Koh, S.K. and Kim, Y.S. 1999. Effect of root zone mixes on the growth of creeping bentgrass in
putting green. 1999 Annual Meeting Abstract pp.130, ASA-CSSA-SSSA, Salt Lake City, UT, USA.

Koh, S.K., Tae, H.S. and Ryu, C.H. 2006. Effect of animal organic soil amendment on growth of Korean lawngrass
and Kentucky bluegrass. Kor. Turfgrass Sci. 20(1):33-40. (In Korean)

Lee, S.J. 2003. The effect of KOB-Sail as a soil amendment on turfgrass growth. Kor. J. Turfgrass Sci. 17(1):13-17. (In
Korean)

156

Weed & Turfgrass Science Vol.7 No.2, 2018



Effect of Four Soil Amendments on Turfgrass Establishment and Density in Creeping Bentgrass Grown in Sand-based Root Zone

Li, D., Joo, Y.K., Christian, N.E. and Miner, D.D. 2000. Inorganic soil amendment effects on sand-based sports turf
media. Crop Sci. 40(4):1121-1125.

Lucas, R.E., Rieke, P.E. and Famham, R.S. 1965. Peats for soil improvement and soil mixes. Michigan State Univ. Ext.
Bull. 516.

Madison, J.H. 1966. Optimum rates of seeding turfgrasses. Agron. J. 58:442-443.

Puhalla, J., Krans, J. and Goatley, M. 2002. Sports fields: A manual for design, construction, and maintenance. Ann
Arbor Press, M, USA.

Puustjarvi, V. and Robertson, R.A. 1975. Physical and chemical properties. pp. 23-24 In: D.W. Robinson and J.G.D.
Lamb (Eds.), Peat in horticulture. Kinsealy Research Centre, Agricultural Institute, Dublin, Republic of Ireland.

SAS. 2001, SAS/STAT User's guide, Version 8.00, SAS Inst., Inc., Cary, NC, USA.

Tae, H.S., Lee, H.S, An, KM. and Kim, J.B. 2006. Comparison of growth characteristics of creeping bentgrass
(Agrostis palustris Huds.) cultivars in summer. Kor. J. Turfgrass Sci. 20(2):147-156. (In Korean)

Waddington, D.V. 1992. Sails, soil mixtures, and soil amendments. Agron. Monogr. 32:331-383. In D.V. Waddington,
R.N. Carrow and R.C. Shearman (Eds.), Turfgrass. ASA-CSSA-SSSA, Madison, W, USA.

Weed & Turfgrass Science Vol.7 No.2, 2018 157



