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Abstract
This study was conducted to evaluate the effect of liquid fertilizer containing humate (LFH)
CrossMark on changes of turfgrass quality and growth by investigating visual quality, chlorophyll

click for updates

content, dry weight of clipping, and nutrient content in leaves tissue. Treatments were
designed as follows; control fertilizer (CF), HF-1 (CF+1.0 mL m™ LFH), HF-2 (CF+2.0 mL
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m~ LFH), and HF-3 (CF+4.0 mL m™ LFH). As compared with CF, soil chemical properties
of LFH treatments were not significantly. Visual quality and root dry weight of LFH
treatments were higher than that of CF. Chlorophyll content, clipping yield and nitrogen
uptake of HF-2 and HF-3 were increased 11.2-11.8%, 15.3-30.0%, 22-42% by application
of LFH. The LFH level was positively correlated with visual quality, chlorophyll content,
clipping yield or nutrient uptake amount. These results indicated that the application of
LFH improved the growth and quality of creeping bentgrass by increasing nutrient uptake
and by prompting root growth.
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e E2 TS HoFAeh ool = ASA2 T w2 12 thath 87 230 = Qlste] EoFo] &84,
ofeta], Aaeta] S4do] HehE 2t o 24 (Kay and Gronevelt, 1974) T 0] &3l A7 A Ed-e
ZraA)7]= Qholo] Hrh(Ahn et al., 1992; Carrow, 1996; Lee et al., 2008a). WatA] 11-27]o] 12| 7] o] AJ8-2

ZWAdstal, FE-E A5 YoM 7Rt BelE A5k Zo] 251t (Lee et al., 2008a).
Shd7] 2-25fof| A REA| | Xt o] el 50| B A= AL A2 thae EEe] oo B agol &
A th(Lee et al., 2008a). EF 5 L2053 24 2|2
= 1 FAHAE T 571 D HiS st ES F R S WS e
vl Lot Eo]7} o|F A= Z 0] ek Eof A-8o7]= 2atet HEol 37 wiE
Shof e )-S5 95k A7 JP = ek
opu] \AHH| F(Kim et al., 2003)4 7] EAM] & (Yoon and Kim, 2007), 74HH] & (Lee et al., 2008b) ¥ T =H| =
(Kim et al., 2008; Kim et al., 2010b)2} 2 7|5/ H| & & ©|-8-6t= ¢ AsH(Fe]) 2] Bsoly W7t F7fst
of Zt Fd o] /R H oAl A Qlet. o] Qo AL 2 o] Z[eHi A8-5 S35t 754242 delA
Qo o] A= T2 W/FRALES o]-&sto] EYTEAIRAY] S0 tigt A7t BarE it
(Kimetal., 2010¢c). Ftoli= EFR7IE2HE B0 2 HALNS FE6H 7|&o] /fg o] gH| o] a2
AHESHA =] Q1T o] efgt FANLE OF- e = 0] A X et S S ASHIH(Kim et al., 2017b).
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2 AT=2014 995 20159 29712] 670 Y Bt G GA] 27 9] B4 2 MH|(F) F-2-2A ol A 3
H At FARH = TG 9] g Aol AACCoA] 1997 mhEE]| o] oF 17E7E S22 ol A Tafd Z=g H
E T X(Agrostis palustris H.) ‘Penncross’ 5= ©]- 804t} A @0 o] 83t EQF2 USGATFZ ol A oHet e
£ o853, EPNE Al ] 9sith 2t 5ol MR’ S 3a3oH7] ol sAH R EH =
[compound fertilizer: N-P,0s5-K,O = 21-17-17, Namhae chemical CORP, Jeonnam, Korea]2} F-A14F $h-3- oiH]
[liquid fertilizer containing humate (LFH): N-P,0s-K,0-Cu-Zn = 5-2-4-0.05-0.05, Hyosung O&B Co., Ltd., Daejeon,
Korea| & AH8-0F3ATE Al @ o AHE-SE HAIAE -G HH|(LFH)= ZEHoA 253 FA14H5% FA4h U271 40%
SE o] S, BB O] FF+= AldE SFH| =X
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Chlorophyll a = 12.7 Ags3-2.69A¢45

CthI‘Ophyll b=229 A645-4.68A563

Total Chlorophyll (a+b) =20.21 Ags+8.02A¢63

ZEAAA FAHE A gjof ot EqFe] HeE XFAFSH] 9o Al A (2014 9 2097 A = &
(201541 29 28Y) & 23] AASHth AHHE EFA B E BAS Aol A4 54T T 2 mmA & TR Al =

£ o]-85l . B4 52 pH, 7] &= = (electrical conductivity; EC), -7-7] 2 (organic matter; O.M) &5, A 4

0|

(total nitrogen; T-N), & ¢14H(available phosphate; Av-P,05)2 %] 2+ ZHE(exchangeable potassium; Ex-K) - ©]
A, B4 BH.o EoF Slst EAH(NIAST, 1998)0] &5te] A AJsttt, pHRF ECE 1:5H 22, 0.M2 Tyurin¥
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Table 1. Chemical properties of soil analyzed before experiment and after treated liquid fertilizer containing humate.

y pH EC OM. T-N Av-P,0s Ex-K
Treatments’
(1:5) (dSm™) (gkg™) (mgkg") (cmol. kg™
Before 6.50a” 0.22a 1.92a 0.07a 8.02a 0.03a
After
NF 6.20a 0.14b 1.82a 0.07a 16.04a 0.03a
CF 6.38a 0.11b 1.80a 0.07a 10.02a 0.03a
HF-1 6.23a 0.13b 1.99a 0.08a 10.02a 0.03a
HF-2 6.38a 0.10b 1.92a 0.07a 12.03a 0.03a
HF-3 6.45a 0.09b 1.79a 0.07a 9.02a 0.03a

YTreatments were follows. NF: no fertilizer; CF: control fertilizer; HF-1: CF+1.0 mL m™ liquid fertilizer containing humate (LFH); HF-2:
CF+2.0 mL m? LFH; HF-3: CF+4.0 mL m™ LFH. CF supplied was applied at 5.0 g N ai m™ rate by blending with sand on September 10,
when it was not planted turf of creeping bentgrass, and at 3.0 g N ai m™” rate on November 10, December 10 and January 20, respectively.
Three LFH treatments were implemented 21 times on October 1, October 10, October 20, October 30, November 7, November 14, November
21, November 28, December 5, December 12, December 19, December 26, January 2, January 9, January 16, January 23, January 30,
February 6, February 13, and February 20.

“Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.

— =2 o
LFH AJH] & 3t o] 7R A F4 o] k= F2|g HIE T8~ 0 5222 H AW 10€00=7.06-7.179] H 9]
2 Uehfgl ot 11 €ols B#7]-2 8.5°CE A8 A 2 1Tk tobA] 7144

2 F2o] 10€] Hlsf st 1y A
S= FASP] 9l 2371 ol-85t 7 AAIsHAH 124 ol Folle Bu7]20] 20+3°C F =8 HEH S,
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ze] o) ZHAI A F 4 o] F7 s TH(Table 2). LFHA 2] 7= 54 2] H(NF)UF o) 27(CF) Xt} %t o] 7HA| 4 F4 o]
Z7Vet 1, LFHS] AlH]EFo] et Z- o] t] Z7te|= ASRS B At o= 484 HAlAto] Aa]7} Ma) o] A8
WY ojojd 487} FR| Ft FEe] FH 02 ey WETN 0] B U ASE S
Liu and Cooper (2000)°] A3} -F-AF5HA E}

LFH AJ] 5 2h0] 2] G540, @540 5l $G5 00 A1) Atol] upet 5715t ok Table 3). LFHES A2l
& 0] ZAA 7| 2} Ao wet efhe 1}01% QO PB4 o AEL b Y EHE A SRS NFHIF RO}
Crot vlsap AL S 271, el 0] AL AR 71 % LA 270 984 0 G540 L $HRA)
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Table 2. Visual quality of creeping bentgrass as applied liquid fertilizer containing humate.

Visual quality (1: low - 9: high)

Treatments”

Oct. Nov. Dec. Jan. Feb. Mean
NF 7.06d* 6.64d 6.52¢ 6.59d 6.60d 6.68¢
CF 7.11¢c 6.91c 7.16d 7.27¢ 7.30¢c 7.15d
HF-1 7.14b 6.95bc 7.20¢ 7.32b 7.34b 7.19¢
HF-2 7.16ab 7.00ab 7.24b 7.35a 7.38b 7.22b
HF-3 7.17a 7.02a 7.27a 7.37a 7.42a 7.25a

YTreatments described on Table 1.
“Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.

Table 3. Chlorophyll content in leaves of creeping bentgrass as applied liquid fertilizer containing humate.

Chlorophyll a (ug g™)

Treatments”

Nov. 10 Dec. 10 Jan. 20 Feb. 28 Mean
NF 582b* 849¢ 928b 1,570b 982¢
CF 690ab 1,113b 2,032a 2,116a 1,488b
HF-1 628ab 1,248ab 2,104a 2,210a 1,548ab
HF-2 797a 1,225b 2,168a 2,317a 1,627a
HF-3 725ab 1,486a 2,199a 2,233a 1,661a

Chlorophyll b
NF 143b 153¢ 240b 430b 241c
CF 160b 220b 515a 663a 389b
HF-1 158b 248ab 531a 708a 411ab
HF-2 280a 232b 550a 785a 462a
HF-3 198ab 289a 558a 707a 438ab
Total chlorophyll

NF 725b 1,002¢ 1,167b 1,999b 1,223¢
CF 850b 1,334b 2,547a 2,779a 1,877b
HF-1 787b 1,496b 2,635a 2,918a 1,959ab
HF-2 1,077a 1,458b 2,718a 3,101a 2,088a
HF-3 924ab 1,775a 2,756a 2,940a 2,099a

YTreatments described on Table 1.
“Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
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B e 27} 1,548-1,661 pg g, 411-462 pg g, 1,959-2,099 ug g' o] M2 FALE O] NF (982 pg g, 241 pg g™,
1,223 ng g") B ot &9k, CF (1,488 ng g, 389 g ¢!, 1,877 ng g )@} vl A| HF-1 A 8] 7= CFe} H| S8t o ut
HF-2 A 2|2} HF-34 2] = CFE T 7ok ¢leh CFeF | & o, LFH A 2] 79 454 a, @540 b D TEEL
SFE H-2004 242 9.3%, 16.0% Z 11.2% 4, H-30114] ZF2} 11.6%, 12.6% 2 11.8% & S7Fotitt. o]2{qt At
+ FA14e] A g)of el 547t 5 7FeIT = Zhang and Ervin (2004)9] Axket U5t al, G54 oFFe] S7F
7h 3 o) 7R A FA ol 71913 A 0 = FHEth(Kim et al., 2012).

LFH A g]of 2 0] S-S AsL7] 9lal 3 A B3 ZAME 23 F A B2 53.7-154.7 gm™ 2.
2 ZAE] K Table 4). 1€ 1Y Aol AE A 2] 2ol & YehfA] dorott 129 10%, 1920 2 24 28
o FAbo| A= LFH A 2] +9] |2 E7Fo] CFe} HISobAU F71ote] & oA A E%-2 HF-2 A 2]} HF-3 A2+

oA 15.3%2} 30.7%4 Z7F5FATt. ol= %@WJ A7} 4] “*“%011%1 *ﬂ —Erﬂr** At A STl e
A=E 25N, 54 T 7ol W 39 JSolu S 7K
o= 7)&E A4 2E 9] A2 3= -34S tH(Vaughan, 1974; Cacco and Dell® Agnolla 1984; Russo and Berlyn,
1990; Asenjo et al., 2000; Tiirkmen et al., 2003; Kim et al., 2017a). Kim et al. (2012)-= 2] 2243} G4+ F] A

= U= 2 A 223 A o] AAE Uehdohal B shgih & Ao A LFHA 2] A 454 o=kt
9] 7HA A FA 9 2| HIET A0 2] Eo] F7HE Ao 2 UEht 54 fheFo] St e X A
|1} Z4 o] Z7I3H= Kim et al. (2012)7} Zhang and Ervin (2004)2] Ao} A 2|51t}

Table 4. Dry weight of clipping of creeping bentgrass as applied liquid fertilizer containing humate.

Dry weight of clipping (g m™)

Treatments”

Nov. 10 Dec. 10 Jan. 20 Feb. 28 Total Mean
NF 23.8a" 6.9¢ 12.2¢ 10.8¢ 53.7d 6.68¢
CF 26.3a 14.7b 28.1b 49.2d 118.3¢ 7.15d
HF-1 23.3a 16.8ab 29.6b 56.7¢ 126.5¢ 7.19¢
HF-2 22.6a 19.2a 30.9b 63.7b 136.4b 7.22b
HF-3 25.5a 20.4a 34.3a 74.6a 154.7a 7.25a

YTreatments described on Table 1.
“Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.

A Fa S X o] 23R} 2|5HEY] AEF-2 ZAFSH] T/R ratios iA}o}‘ﬂ TH(Table 5). A2 =%
2258-462 gm & XA Q111, LFHA 2] 7= NFE T 57169 0 U CFoHe #4228 UFeh 2] ¢Fgket. AloH-<]
EF2193-288 gm 2 FAFE| 9101, LFHA 2]4= NFU CFE o 57}0}04 FA4E A 2o ofsf) Z]sHR S
7ot AL FRI 4= ST of=iet A= Zhr] oA 9l o] Aol ol glot Ao Bal et A4S o
Wz/d o] Z7Feteh= Hunter and Anders (2004)2] A3ket A2 oFGI ). FA14ES] A 2o o]off 2] A50] F7ta}
o] T/R ratio= 7A5F 1L, Ol= HAAEH] 59| A 2]of] o]off A/ dH 8- {27t glot Aobs S0 F7tst
o] T/R ratio”} ZAH = Kim et al. (2010a)2] Ao} A x|519i .

LFH A 3 zt] % §-95 7] AL 3k 24 23}, A4, 9 D 252 7F7} 0.96-3.32%, 0.08-0.17% 2
1.05-1.99%2] Ho]2 LJER] 911, NFS}= 2 2Jo]2 B on, E5]| HE-30] A= 222 A5t A4t ole A
H2 0 2 CFHETH 5715 43S H Y th(Table 6). LFHA 2] Loll A A Aot Z-5-2 CFe} H|S=519 1, 912 CFR
t} =715k LFHO] 2] & A4, o1 D 259 T3 0.56-5.13 gm™, 0.56-0.26 gm?, 0.56-2.77 gm> & A}

|
o

—_
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AL, LFHA 2|72 NFEY F7Fo] S7Fet et CFo| it St Bl o, A= HF-24 2|72} HF-3
AHefTrell Al S7FsHAAL, A3 ZE-2 HF-3A4 2] ol A Fpifo] S7Fst3t. Hunter and Anders (2004)= F-A14
o] el ofsll 19] F=7t S7Fsto] Kt AJ50] 7151l Kim et al. (2007)2 A4t g o=fo] S715to] B
utE Age] S7RRITAL Eiﬁ} At 2 AT A A he] Hefef] ofsf xNbA o 2 ofF o] Fvt St
A A4 8l F8o] Stk

LFH Z%wﬂ ofgt 3 <] (H 345 7ol7] el LFHS| A 2ol b 2k 524
7). 7@\’494 e el Al AHEE, 454 o, Y A e(:d=es), Ea
i S5 52 LFHO| A 2|5} A o] A43/(P<0.01)& LRI Uk, ¥he ol LFHS| A2
ol 2lsf £t A|sHe 8570l S71sh(Table 5) LFHS| A= =fofl wh2 A 27t #-2J2k= Uehz] got 55 5

£ 3 AshE Aol tieh 7147 B astglt o] AvsS Y i, LFHE| A7) 27

_t{o
e
oz

Table 5. Dry weight of shoot and root in creeping bentgrass as applied liquid fertilizer containing humate.

Treatments” Dry weight (g m) T/R ratio
Shoot Root

NF 258b” 193¢ 1.33¢

CF 427a 252b 1.70a

HF-1 421a 293a 1.44bc

HF-2 448a 297a 1.51abc

HF-3 462a 288a 1.60ab

YTreatments described on Table 1. The dry weight of shoot and root or T/R ratio were investigated on March 20.
“Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.

Table 6. The content and uptaken amount of nutrient in creeping bentgrass leaf tissue after application of liquid
fertilizer containing humate.

Nutrient content (%) Uptaken amount of nutrient (g m™)
Treatments”
N P K N P K

NF 0.96b" 0.08¢c 1.05¢ 0.56d 0.04c 0.56¢
CF 3.04a 0.14b 1.99a 3.6lc 0.17b 2.36b
HF-1 2.95a 0.15ab 1.86b 3.73¢ 0.19b 2.36b
HF-2 3.24a 0.15ab 1.82b 4.42b 0.20b 2.48ab
HF-3 3.32a 0.17a 1.79b 5.13a 0.26a 2.77a

YTreatments described on Table 1. Clippings of creeping bentgrass was sampled on February 28, 2015.
“Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.

Table 7. The correlation between each growth factor and application amount of liquid fertilizer containing humate.

vQ* TCh DWc R NU PU KU
0.9283 0.6796 0.8974 0.3698 0.8763 0.8256 0.6358
skskk Kk sksksk ns skskk skskk Kk

“Growth factors were follows. VQ: Visual quality; TCh (ug g"): total chlorophyll content; DWc (g m™): dry weight of clipping; R (g m™):
dry weight of root; NU (g m>): N uptake amount; PU (g m*): P uptake amount; KU (g m™): K uptake amount.
ns,* , ** and *** represent not significant and a significance at the 0.05, 0.01 and 0.001 probability level, respectively.
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EY 718 5 ot F-41E 3 (humic substances) S&0]H A1Eo] o] 7ol A TAYsh= HALEAE
Aol =gHo A pHO| & HEOﬂ o2} §2 A humate), =24 H(fulvate) 2 59 (humin).C. 2 E-FF th(Stevenson,
1994). =88 AFefj o] B A2 _COOH, penollic-OH, alcoholic-OH Z-NH,U -SH 50| 2H8-7|& 23l Qlo] =2

o] 2 w253 el S 20| =& o|tk(Stevenson, 1994). 2124 5 =841 Q1 Fraj4ty} ZHAS EQk4-
0] o Fof whet EF Foll A o] oA HW, EAte] A2 F8l4te] o] Fo] golstn, A o= FAjgo] &
YAk AlZ0] Lo 2 B3I QItk(Shin et al., 2002). FA v -2 (4rthrobacter crystallopoietes)©)
FALOE ARRE R ot mABE O BT E STAI 7| I (Hwang, 1999), A&2] Z|oH 9 2/ JHo] 55 &
713t (Hamza and Suggars, 2001). FA14F0] A 2l= F.2]3 W E T~ o] Bie) Id-S S25to] oFio|u 4479
S R o Aen 24 ? AlZ1tH(Zhang and Ervin, 2004). T4+ 2] 2] A] 2] Ba) S gheha] 7] = g aleh
ZAE= glov 2AA G 9] AE6 220 Donnell, 1973)0]L Z2]o}71 2] $FH(Young and Chen, 1997)°] FF-2
=t A7 H QIS SA41A ]%ﬂ—J 2R AEY 7|2 WEAA o7 ol =2 EYE
of| Al o] 7Fe st Eotal, ARe| o W —%—733 = A0 = deA Atk(Ho etal., 2015). A=2] S
A AlEA o] g o] dofshs R ekt ES] EYoNle AEYH A (Y, AR, eh AR E R A F)
Slof| Al E#ia] & Zajolyl gheo] ZAshH= Ao & 9elA Qlth(Kim and Hyun, 2011). A1E-2] Ha]of A 2AY5}7]
& 2ER| A dgoly A X Fofl g el oA olietal & 4= QLo o] A ol A IHikelr A (H,00) L 24

O

AH2(0y)7F A SHA Hled] o]= gAtsla A Ee] 280 & QHA S} Hrh(Kim et al., 2010a). THA] 3 T oA B
Apte] A2l ol 81 2t Piteta g o] F7tR pitekpat G dataof o)t e mslrt Faskar vixdAdol
Z7}sto] Ba] Ago] A= 7 0 2 e QJrh(Zhang et al.,, 2002). E GLof| 4] FAIAF SR ol H] o] A 2] A]
Zhr) o] #e] g o] F7tol= Ak o] 23t o] &2 T TH Table 5). 7] o] e ke A4 F4-5 ZX1A)7]
3,3 QS AEA TS FVHA FRAE B0l ST L E2H Z o A Tw%ﬁ AENIAFI= AR G
2] 2] 2Ath(Zhang et al., 2002; Kim et al., 2012). o5 A¥E5= Fof T2 w], 2 Aol A4 o HH] 2]
A= A E ] o] A5 4 FH(Table 3y F7H1Z 024 ] AL (Table 4)%L #4(Table 2)°] /A== A
o= peEr

2%

2 A= FAAE S HH|(LFH) 2] AlH]of| o T 2] IE T2 A 0] 53} F4 o] HshE elstr] flef &t
o] 7 A B4, 54 &, A EZ, TR ratio, ¥ T L S5HS A A 8)4+= | 27(CF), LFH
1,0008 2] 2]7H(HE-1), LFH 5008) A 2] 71(HF-2) 2 LFH 2508] 2] 7(HF-3)& 25 ¢lch. LFH A 2] A5 E
Fotebd-& 2tol & Ul A] QI LFHA 2] 719t t 215 H| w5t 3-& o, 7HA1 A 24 1 Bie] AS5-2 LFHA
2ol A 7 e, AEA T, 1Y AR 8, A4 F5-2 HF-24 2] 2F HF-34 2] ol A ZH2} 11.2-11.8%,
15.3-30.8%, 22-42%*] Z7Fokiet. LFHA 2]l whet 7414 4, d54 oF, 7t A& % g8 5582
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