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ABSTRACT. This study was conducted to evaluate the effects of two amino acid fertilizers on the growth of creeping bentgrass
and N uptake. Fertilizer treatments were designed as follows; non-fertilizer (NF), control (CF), recommended amount (ALF),
double amount (2ALF) of amino acid liquid fertilizer (AaLF), recommended amount (ASLF) and double amount (2ASLF) of
amino acid liquid fertilizer contained with saponin (AaSLF). Turf quality of treatments of AaLF and AaSLF such as turf color
index, chlorophyll index and root length was similar to the treatment of CE Dry weight and content, uptake and availability of N
were investigated highest in the 2ALF and 2ASLE These results suggested that foliar application of AaLF and AaSLF was enhanced
turf quality and growth of creeping bentgrass by stimulating uptake and availability of N.
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AlA #e] At EF2o] FAFEICHKim et al,, 2008a, 2008b;
Kim et al, 2010). E3F ofu] A}, 7| &AL 9 ALz So)
SR EF PEERNUEREREEE BRI
a8 7N XItkL E 1 Eal QItk(Chang et al., 2010; Kim
et al.,, 2003; Kim et al.,, 2012; Yoon et al., 2006). ©|&|3t 7]
4 HlEe Ay A g5 S S7HA Y
FAT S-S TAdste] B SN ASsles el

71 ulo) AR FolA 71 Be A7t olsld A
& Ak 4 9 oA TN M2 AR obulieit
ofc}. ofulieAbe A2|afol ke Wate) Aao| o, ot
Ab E8to| BHE 8459 B4 9 da o] St
3lo] AE9] AJ8o] &S F-=t|(Barneix and Causin, 1996;
Liu et al., 2005) ofu| = AFS *2]8}9 S w, JFuab(Allium
cepa)ol| A Aite] Az 20% = Fastal FHAATEE 5
Vet Tkal B 1% QItH(Giines et al, 1996). =594} o}
2719 AEAo)A nitrate F0F obn] Ak oFFS 7t
AlA A EAIAS FFAA| 7] ™ (Padgett and Leonard, 1996),
E3E A= nitrate F Al S Q% HEw o2 2Rgtrt
(Padgett and Leonard, 1993).

uroo] ofulidl g W 24S AR FR0l uft o)
27 vyehdth 554 YRl A ofn|icite] Wi, A
=4 Yol G714 omfAte] A om w4 EA
3t} (Yang et al,, 1998). ou]lcAl H| = of AJH|5}A
= uf, 2 s 2y F4S FFAI 7] 2L(Kim et al,
2003; Kim et al, 2012), 2231} g7 A2 =
A A F Y] s F4 el avpAolglrtal B
53 Qlek(Chang et al., 2010).

T3 FFoll= QWA 7y oA &R AlEdS A
7ol o8t} stz A7 K= IL Sl 214k
FRAE F SRl AR QA FE T Al W
O m(Kim et al, 1984), =W ol wef AlE 5 AFZd
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% A80] ThEUH(Sohn et al, 1984). AA| AR
Foft A5k Ao oyt 1006 F9] thafat 44
Z A5} (Price et al., 1987), Al&o] EgHE AREH
& ol tigt A S7HIA et Y-S o
B2 HoaNE B3sH= AEWo]Ed (phytoalexin)o]
st 4= 1t (Osbourn, 1996; Papadopoulou et al., 1999).
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Aol B2 Brtstr] flel 3= it
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AT 20099 62 109744 S 5k QAo
A 2A48] SKY72 BEEY ST sk, BA
A= 20059 TEEl] of 4d7 PelE 2e) W=
2>(Agrostis palustris Huds) ‘Penn A-1’ o

SA| HIE

A R A B R (11-5-7, (F)5-8), oFr] At
H] 2 (AaLF; Amino acid liquid fertilizer) W o}r]lzAF-ALRZH
H] & (AaSLF; Amino acid + saponin liquid fertilizer) 5-©] AR

Table 1. The nutrient composition of fertilizer used in the study.

Nutrient composition (%) Amino

Saponin

Fertilizer” a
N P,0; K,0 CaO MgO B,0; gource SOUFce
CF 11 5 7 20 4 0.1 - -
AalLF 1 6 3 - - } 25 )
AsSLE 1 1 8 - - - 20 5

“Fertilizers were as follows. CF: control fertilizer; AaLF: amino acid
liquid fertilizer; and AaSLF: amino acid saponin liquid fertilizer.

Table 2. The application method of fertilizer used in this experiment.

Application amount

Application frequency (time / month)*

Treatment”
CF(gNm?) ALF (mlm?) ASLF (ml m?) CF ALF ASLF

NF - - - - - -
CF 2.2/0.12Y - - 1 - -
ALF 2.2/0.12 1 - - 2 -

2ALF 2.2/0.12 2 - - 2
ASLF 2.2/0.12 - 1 - - 2
2ASLF 2.2/0.12 - 2 - - 2

“Treatments are as follows. NF: no fertilized; CF: control fertilizer; ALF: recommendation amount of amino acid liquid fertilizer (AaLF); 2ALF:
double amount of AaLF; ASLF: recommendation amount of amino acidliquid fertilizer contained saponin (AaSLF); 2ASLF: double amount of

AaSLE

22 and 0.12 at 2.2/ 0.121 of application method means different application N amount (g N m™?) by weather condition and cool-season
turfgrass growth. As summer stress of cool-season turfgrass considered, ‘2.2 g N-m™ control fertilizer was applied at June, September and

October and “0.12 g N m™ at July and August.

*CF was applied in plot 1 time per month, and AaLF and AaSLF were supplied in plot 2 times per month.
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S)9iek. obul Al )R (1463, ()A@)E ofu]ieAl e
o] o 25% A= EFEo] gl oful A ALEY HIE(-
18, GEVAR)E obuliedb whio) gt Ay waol €l
27h k2t 20wk 15% A= EFEAOH, FRIEAN 3
of uro} AFgBGI, 2t ] EO] JEFFE Table 13+ 2k,

He| 7 M- gl AIEHZ g

AS G 9= 3m*(1mx3m) 272 AA) AFxAS
54 m*aL, AE v A= G e o= v A8
Al vlEA 2o o] wet FA 2] 5H(NF), 2etH|RE
AlB|RE B 2H(CEF), otlleAl B2 (AaLF)E m'g 1ml A
v A= A2FHALDS m*Y 2 mlE A%t wiE A
T-(2ALF), o}l AF-ARE Y H] = (AaSLF)E m™d 1 ml AJH]
T A% A 2-(ASLE)2} 2 mlE A 2|3t i %|2]<-(2ASLF)
S tH(Table 2). ofu| Ak H|E = 1L m?e] HeFo =2 =5
2] H4310] TG LIRS 0] g3

n% Alujstgich Hel o] W Aue o) AsS
g5lo] Balu|2e) 7|54 H|Z o] AJH|EFS Hﬂsb_
ABIR % B3RE 9 18], ofulieAl v g9} ofu Al
AR vRE Y 28] HAISHRITH(Table 2). HetH| 2=
o] ALo] LASH B, 712(69, 92, 109)o= AL &4
HE‘:OE 22gm?S AFESEAL, 2 Th50 2 Zhr] AJS0|

T AEHCY, sY)elE 012gm?S “iowq

XHHH7]7P 2tz 7) = A4l 1Y E O (SIBAURA)Z
Z 2~33] 55mm =0|2 AAEL T, B7]|2Fe B A
18] NSOt A7 717 Fetolls AAISHA] sk, i
B 2mm F72 33 AAsch Wel WS 9le) o
A2 o] 2 Y2 oAE A2 399} 298] 4

OH HNH

—|“

B

io}%‘;ﬁk

=
O AS ZAE AP QAR AEaAs B
% AL BRI} FB AR5
= turf color meter (SOUT, TCM 500, USA)2} chlorophyll
meter (SCOUT, CM 1000, USA)S Z}Z} o]-&3lo] 69 1Y
HEi 79 2t 0% F 213] 2ARFACH T A8 2AL
= 55mm lLoli 474§ A54] 121w 0] (SIBAURA)O]
THH R &L 70 E}o] 2E(VS-1203P]-300, (T)H]Xur
Shol A A1 AEA 5 AEFS 24590, 2 13
23kl 109714 % 530 2H At xmw A

H| @ pof] EA4& 93t ] U Alfo] TrE 11¥ 11
ol Hg]ER Ar] W AR Foj(1cm x 1 cm)E 0]
goto] 2t 7|45 37 ol 2ARSHIH-

Eopel SBtAS ARSI AR (52003 AE &
2 %(11/11) & 23] pH, A 7| = (electrical conductivity;
EC), ¥7]& &= (organic matter,0.M), F2 2> (total nitrogen,
T-N), &5 2l Ak(available phosphate, Av-P,0s), 9Fo]- 22| &4
A8y ool e
(exchangeable cations, K, Ca, Mg, Na)o& AL, &
APRS B OFSlHE AT (NIAST, 1998)] =8}3it.

2] gRALe A)E ZFA7]9 109 319 AFHE =
A EL Azl ART ASSIAL, BAFEL )

oF(cation exchangeable capacity, CEC),

o b
%544 ol%«E— HoAsI) $1d) A Rel 2
AE ool PR FHT FH ol §8S RAHY

FE S (gm?) = s A
k-& Ol &&(%) = (M & T - FHT = &
2F) /v & 23 x 100

Table 3. Change of soil chemical properties before and after experiment in the study.

Av- Ex-Cation
Treatment” pH EC oM N P05 K Ca M Ni CEC
(1:5) 8 a
(dSm™) (%) (mgkg™) (cmol, kg™)

Before 6.98 0.64 0.63 0.04 73 0.14 7.80 0.48 0.37 1.60
NF 7.41 0.45 0.64 0.04 12 0.09 4.85 0.29 0.23 1.65
CF 7.40 0.44 0.87 0.04 12 0.08 492 0.27 0.20 2.10

ALF 7.54 0.42 0.98 0.04 12 0.09 5.15 0.31 0.19 2.00

2ALF 7.55 0.40 0.72 0.04 12 0.08 5.01 0.29 0.19 2.20

ASLF 7.59 0.48 1.10 0.04 6 0.08 4.90 0.28 0.18 2.00

2ASLF 7.44 0.54 0.96 0.05 12 0.09 4.92 0.30 0.20 1.70

“Treatments are as follows. NF: no fertilized; CF: control fertilizer; ALF: recommendation amount of AaLF; 2ALF: double amount of AaLF; ASLF:

recommendation amount of AaSLF; 2ASLF: double amount of AaSLE
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Fig. 1. The turf color index (A) and chlorophyll index (B) of
creeping bentgrass. “Error bars indicated standard deviation and
different letters indicate significant different at p=0.05 level
according to DMRT test. Treatments are as follows. NF: no
fertilized; CF: control fertilizer; ALF: recommendation amount of
AaLF; 2ALF: double amount of AaLF; ASLF: recommendation
amount of AaSLF; 2ASLF: double amount of AaSLE.

AaLF@} AaSLFO] M A9} & 7}z
9} 258~265% L}EL} TXJE'HLEE}% =Sk Eb}

H|%E 235 e Aok (Fig. 1).

NFe} vl g wj, M X]4== CE ALE 2ALE ASLF %
2ASLF= 1% 5718F3aL, JEaA4E 6~9% S718F3lch
(Fig. 1). AaLF®} AaSLFe] gAR|=¢} =A== CFeF
H|8 ] 2AE QU 715748 vl 59 Alv|gat &l o
= MRt dEaX4= vliEF A 2]5HQALE 2ASLF)2}
ofu| Ak H|Z (ALE 2ALF)A| 2]Lof| A oF7F &=Qkot A2
T SAR SR o042l Afol= vEhbA] gkttt

el At dEs 16.4~22.07] / cm’E FAME QAL
NFe} v w3t wj, CF, ALE, 2ALE, ASLF 2 2ASLF= z}7z}
29%, 24%, 34%, 19%, 22%% Z7}8}9) oL} CFel= H]$:3h
ATE HSIthH(Table 4). 7|54 Hl= SollA= ofn] Al H]
2 AEqtol| A oFzk =QkaL, viEF A2l A e WErt
7kt S B

e} ¥a] Zo)= NF CF, ALE, 2ALF, ASLF ¥ 2ASLF
ol A Z+zF 10.7~11.8 cm®] HEE A= Q1 al, NF2}F v
st w, CF, ALF 2 ASLF:= ZHZF 7%, 6%, 6%% Z=713515
o BAHoR Fo|F ¢l Aol YEREA] ¢kbth(Table
4). 2t o] He] Zdolk 7|5/ H|59| T/} AlH|Fol ot
£ SAHSR FoAQl Afol= UEhbA] Sttt

PR, GEA G, A e 9 2y Be] Zo]E
ol 7154 v AJHo] whE Xt At F42 FA
g iy F7ek ot B 2ok 3 A9E B
At dutr o 2 ol Al H|EE 24 deky) Wy Z
o] Fo| S7t=o] ] s} FAE FHAIXITAL B
E 1 . L}(Kim et al,, 2003; Chang et al., 2010) & ﬂ—?oﬂ
A= AolRt AuE Beld o= 7164 vzl g
2> SheFo] Aol vls oF 4~6uf H= A 7] wfEo

il
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n_(N

Table 4. The shoot number of creeping bentgrass as affected by
different application of AaLF and AaSLE

Treatment”  Shoot number (ea/cm™?) Root length (cm)
NF 16.4b" 11.0a
CF 21.2a 11.8a
ALF 20.3a 11.2a
2ALF 22.0a 11.7a
ASLF 19.5a 10.7a
2ASLF 20.0a 11.7a

“Treatments are as follows. NF: no fertilized; CF: control fertilizer; ALF:
recommendation amount of AaLF; 2ALF: double amount of AaLF;
ASLF: recommendation amount of AaSLF; 2ASLF: double amount
of AaSLE.

"Means with same letters within column are not significantly different
by Duncan’s multiple range test 5% level.
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Table 5. The dry weight of creeping bentgrass as affected by application of AaLF and AaSLE

Month
Treatment”
June July August September October Total
NF 13.8b” 5.6a 13.8b 5.8b 7.7b 46.7¢
CF 18.0a 6.4a 16.2ab 7.4a 12.8a 60.8ab
ALF 16.9a 6.1a 16.3ab 7.8a 13.9a 6l.1a
2ALF 16.0a 6.7a 17.7a 7.7a 13.5a 61.6a
ASLF 15.9a 5.9a 15.4ab 7.8a 13.0a 58.1b
2ASLF 16.6a 6.7a 17.2a 8.1a 13.1a 61.7a

“Treatments are as follows. NF: no fertilized; CF: control fertilizer; ALF: recommendation amount of AaLF; 2ALF: double amount of AaLF; ASLF:

recommendation amount of AaSLF; 2ASLF: double amount of AaSLE.

YMeans with same letters within column are not significantly different by Duncan's multiple range test 5% level.

2 gohEch

x|-|:_| g{c’at

e A 713E FoF A F A AE TS 467~
61.7 g m>2 ALE 2ALFR} 2ASLFoA 713 =7 LERGTH(Table
5. 5 A7l H e 793 9¥oll= AL, 64, 8¢,
10BAE ESIT 7UE AE BE AV1e] 7t 7
/3 HIEA oA HEF0] =3kl 53] 8¢€olli= 2ALF
o} 2ASLEA 2] tof| A t2-ET) o) 7|54 HlEe Al

3 o180 WY ARS AL AoR 24

Q. A 2 ABZL k7o) Zo|7t Qo) ALES} ASLE
£ v|we o, ALFoA =74 YEIL, Kim et al.(2012)%=
AbEY B2 HTHE ofu| AR H|RE AT uf )] A

d
St AEFo| Frhettta B skt ol o}u] wARS.
o] Aa F4ol 535 X5k o] AL

2 A= 7154 AE(Kim et al., 2003; Liu et al., 2005)

J—Z]

Table 6. The nutrient content in the turf plant after experiment.
(Unit: %)

Treatment” N p K Ca Mg Na
NF 2406 029a 1.56c 0.53a 0.22a 0.071a
CF 320ab 0.3la 1.77ab 0.52a 0.24a 0.064ab
ALF 343ab 0.30a 1.83a 0.49a 0.23a 0.063ab
2ALF 378a 0.32a 1.86a 1.26a 0.28a 0.058b
ASLF  336ab 0.32a 1.83a 0.52a 0.25a 0.057b
2ASLF 376a 0.34a 1.89a 0.44a 0.22a 0.057b

“Treatments are as follows. NF: no fertilized; CF: control fertilizer; ALF:
recommendation amount of AaLF; 2ALF: double amount of AaLF;
ASLF: recommendation amount of AaSLF; 2ASLF: double amount
of AaSLE.

"Means with same letters within column are not significantly different
by Duncan's multiple range test 5% level.

oL} AL Ao AguTks Walol ojek AEAe
FAA 7= X %O] 7] g & o 2 = ch(Osbourn, 1996;
Papadopoulou et al., 1999).

Kim et al.(2003)% otu| Al H|R O] AH|7} 2] HE
e e
I AL A7 I, AEFO] OF 12% Ax= S713tha
Hagh HP AT}, Kim et al.(2003)¢] Aol ARE-E ofv|ie
AF iR ofuliAl 2R7} 80% o4 FHElo] glglont
H AJFof| AMEE AaLF} AaSLFofl+= ¢F 25%2} 20% A 3&
ghElo] ofuliedt w 2o §H4E ofuliAt AR} ARHA
o A wie] 1] AR F7E A Aoz
= ch(Table 1). Lui et al.(2005)% ofn]=4A+2] A 2]&Fo|
BeAE AB0) dagiet Solgl F7kse] 4 A
So| PAyEInkEL ®is}sc
Table 7. The uptake amount and available rate of nutrient in
creeping bentgrass by application of AaLF and AaSLE

, Nutrient uptake (g m?)’ Nutrient available rate (%)*

Treatment
P K N P K
NF  LI12¢ 0.13b 0.72b
CF  194b 019 108 502b 6la 3462
ALF  217ab 0.8 1.1la 636ab 72a 358
2ALF 2242 020a 113a 672a 7.1a 356a
ASLF  195b 0.8a 110a 50.1b 67a 32.1a
2ASLE 2322 02la 1l4a 7182 98 323a

“Treatments are as follows. NF: no fertilized; CF: control fertilizer; ALF:
recommendation amount of AaLF; 2ALF: double amount of AaLF;
ASLF: recommendation amount of AaSLF; 2ASLF: double amount
of AaSLE

"Nutrient uptake amount (g m?) =Dry weight (g m?) x Nutrient
content (%) in turf tissue.

*Nutrient available rate (%) = (Nutrient uptake in CF, ALF or ASLF -
Nutrient uptake in NF) / Supplied nutrient x 100.

"Means with same letters within column are not significantly different
by Duncan's multiple range test 5% level.
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5 W2 AelTe] BE ol NERT £} 7]k
X ulE Ael el QLAkg Zhe] FwRe CEeb w2
T2 Holo} Ak E2ER0 ALE 2ALF 2 2ASLFo]A] 7}
ZF 12%, 15%, 20% % =A UEksth i ol8a A,
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7157 BlEA e Ak e o] i o882 CFet
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