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Abstract

This study was conducted to investigate the effects of liquid fertilizer foliar application on
the growth of Kentucky bluegrass. Lysimeter was established at the experimental site for
the measurement of nutrient leaching as well as top and root growth of turfgrass. The liquid
fertilizer used for the foliar application (FFA) was the compound fertilizer containing N.P.K
(13:2:3)+microelements (Fe 1.0+Cu 0.1+Mn 0.2+Zn 0.2), and the granular compound fertilizer
of N.P.K (16:4:8) was used as a check. The foliar application rates of liquid fertilizers tested
in this study were 15 g (FFA15), 10 g (FFA10) and 5 g N m? (FFA5) per year with spay water
volume of 50 mL m™. The experimental plot was laid out as the randomized block. Leaf
color and quality of Kentucky bluegrass was good at the foliar application rate of 15 g N mv
and the growth rate also increased as foliar application rate increased, but the top and root
weight was not significantly affected by foliar application rates. The nitrate leaching following
foliar application was 13.24-88.09 mg m? indicating leaching rate of 0.58-1.76%, but it was
not significantly different from those of the plot treated with the granular compound fertilizer.
Kentucky bluegrass showed higher rating at leaf color, plant density and quality at the foliar
application rate of 15 g N m? per year with spay water volume of 50 mL m?2.

Key words : Foliar application, Kentucky bluegrass, Liquid fertilizer, Lysimeter,
Nitrate leaching
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Table 1. Fertilization schedules of Kentucky bluegrass at the experimental plot from 2014 to 2015.

AIB T wo] 2o

2014 2015
. Fertilizer type and rates? .. Fertilizer type and rates
REELC Rl FFAStyp T e R s e FFAS = FFAI0  FFALS
(gm?) (gm?

Apr. 11 4 0.5 1 1 Apr. 10 4 0.5 1 1
Apr. 18 - - - 1 Apr. 17 - - - 1
Apr. 25 - 0.5 1 1 Apr. 24 - 0.5 1 1
May. 2 - - - 1 May.1 - - - 1
May. 9 4 0.5 1 1 May. 8 4 0.5 1 1
May. 16 - - - 1 May. 15 - - - 1
May. 23 - 0.5 1 1 May. 22 - 0.5 1 1
Jun. 13 - - 0.3 0.5 Jun. 12 - - 0.3 0.5
Jun. 27 - 0.3 0.3 0.5 Jun. 26 - 0.3 0.3 0.5
Jul. 11 - - 0.3 0.5 Jul. 10 - - 0.3 0.5
Jul. 25 - 0.3 0.3 0.5 Jul. 24 - 0.3 0.3 0.5
Aug. 15 - - 0.3 0.5 Aug. 14 - - 0.3 0.5
Aug. 29 - 0.4 0.5 0.5 Aug. 28 - 0.4 0.5 0.5
Sep. 12 4 0.5 1 2 Sep. 11 4 0.5 1 2
Sep. 26 - 0.5 1 1 Sep. 25 - 0.5 1 1
Oct. 10 3 0.5 1 1 Oct. 9 3 0.5 1 1
Oct. 24 - 0.5 1 1 Oct. 23 - 0.5 1 1
Total (g m?yr?) 15 5 10 15  Total (g m?yr?) 15 5 10 15

? GR! Granular fertilizer (16:4:8) N ai 15 g m? yr; FFA5: Liquid fertilizer (13:2:3) N ai 5 g m? yr''; FFA10: Liquid fertilizer

(13:2:3) N ai 10 g m? yr'; FFA15: Liquid fertilizer (13:2:3) N ai 15 g m? yr'.
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Fig. 1. Visual color of Kentucky bluegrass at the different foliar fertilization rates in 2014 and 2015. Least significant
difference (LSD), P=0.05 (*), P=0.01 (**), not significantly (NS).
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Fig. 2. Visual quality of Kentucky bluegrass at the different foliar fertilization rates in 2014 and 2015. Least
significant difference (LSD), P=0.1 (+), P=0.05 (*), P=0.01 (**), not significantly (NS).

Weed & Turfgrass Science Vol.9 No.1, 2020 91



Effects of Liquid Fertilizer Foliar Application on Growth of Kentucky Bluegrass and Leaching of Nitrate, Phosphate and Potassium through Sand-based Soil Ground

el 5 2ok AR 20190 40 250 AR EFORRHUIRA 24, 29, 243 28,
F R 2ol 7] YErhEAH O R foj29l 2ol S et eigtthTable ). 12710 Sl 62 269 ZAOIA
= 7o S| 245} 9 2ol FALS HeI9 Aol Mol ) GS£oc], A DEE U ASK. AES
2 RE X2 ol 5AZ O R §o)22] dhol5 LiehA] gigteh. Hr) £7] Wi FRALS 12704 2046 cam? 2
A 714 Bgton] 544 0 2 2ol BYIr}.

Aok A

Table 2. Growth of Kentucky bluegrass at the different foliar fertilization rates in 2015.

S £ i Plant height Root length DW of shoot DW of root Shoot numbers
ource of nitrogen¥ (mm) (cm) (g m?) @ m?) (ea m?)
Apr. 25
GR 16.3a? 17.7a 1.04a 2.63a 294.6a
FFAS5 23.5a 16.2a 1.03a 2.07a 270.7a
FFA10 19.3a 15.5a 0.96a 1.99a 222.9a
FFA15 23.0a 17.2a 0.96a 2.63a 278.7a
Nitrogen NS NS NS NS NS
Jun. 26
GR 26.5ab 16.5a 1.19a 1.35a 183.1a
FFAS 25.3b 16.2a 1.35a 1.43a 119.4a
FFA10 27.8a 17.5a 1.49a 1.51a 183.2a
FFA15 26.8a 16.5a 1.27a 1.27a 199.1a
Nitrogen * NS NS NS NS
Aug. 28
GR 26.5ab 16.5a 1.19a 1.35a 183.1a
FFAS 25.3b 16.2a 1.35a 1.43a 119.4a
FFA10 27.8a 17.5a 1.4%9a 1.51a 183.2a
FFA15 26.8a 16.5a 1.27a 1.27a 199.1a
Nitrogen * NS NS NS NS
Oct. 20
GR 31.7a 6.0b 1.43a 0.79a 254.8a
FFA5 24.5b 7.0ab 1.27a 1.27a 167.2a
FFA10 25.5b 9.0ab 0.95a 1.43a 183.1a
FFA15 25.7b 10.50a 1.27a 1.43a 254.8a
Nitrogen i * NS NS NS

¥ GR: Application of granular fertilizer (16:4:8) N ai 15 g m? per year; FFA5: Application of liquid fertilizer (13:2:3) N ai 5 g m? per
year; FFA10: Application of liquid fertilizer (13:2:3) N ai 10 g m? per year; FFA15: Application of liquid fertilizer (13:2:3) N ai 15 g

m? per year.

zMeans with the same letter within column are not significantly different at P=0.01, 0.05, and 0.1 by least significant difference

(LSD) test.

P=0.05 (¥), P=0.01 (**), not significantly (NS).
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Table 3. Annual leaching rates of water average pH, EC of Kentucky bluegrass plots at the different foliar fertilization rates.

Annual leaching rates of water n EC

Source of nitrogen” L m? P (dS m?)

2014 2015 2014 2015 2014 2015
GR 930.7a* 752.3a 7.3a 8.23a 0.40a 0.47a
FFAS 702.0a 811.8a 7.4a 8.22a 0.47a 0.33b
FFAI1O0 655.1a 829.8a 7.4a 8.15a 0.40a 0.34b
FFA1S5 912.4a 770.9a 7.4a 8.26a 0.37a 0.34b
LSD 282.69 181.38 0.11 0.152 0.11 0.06
Trt. NS NS NS NS NS o
Block NS *x NS NS NS T

YGR: Application of granular fertilizer (16:4:8) N ai 15g m? per year; FFA5: Application of liquid fertilizer (13:2:3) Nai5 g
m? per year; FFA10: Application of liquid fertilizer (13:2:3) N ai 10 g m? per year; FFA15: Application of liquid fertilizer
(13:2:3) N ai 15 g m? per year.

zMeans with the same letter within column are not significantly different at P=0.01, 0.05 and 0.1 by least significant
difference (LSD) test.

P=0.1 (1), P=0.05 (*), P=0.01 (**), not significantly (NS).
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Table 4. Total amount of NO*N, PO-*, K leaching from the sand-based rootzone grown with Kentucky bluegrass at the
different foliar fertilization rates in 2015.

Application dates

Eocelos 724 7/31 87 815 821 95 91l 917 929 100 104 | Sub  Leaching
nitrogen* Totally? percentage

G:5/8  Gi5/8 G:5/8 G5/8 G588 G588 G911 G911 G911 G10/9 G10/9  (9/11-

L:7/24  L:7/24  1:8/14  1:8/14 1.:8/284 1:8/28 1.:9/11 L1:9/11 1:9/15 1:10/9 :10/23 10/24) (%)
NOsN (mg m?)
GR 0.0a” 0.66a 1.66a 5.45a 0.42a 50b 0.50b 2.83a 0.75a  40.5 0a 24.34ab 0.35a
FFAS 3.18a 1.63a 0.67a 4.39a 1.33a 4.0b 2.00b 3.58a 3.78a 2.8 4.6a 13.24b 0.66a
FFA10 6.25a 1.55a 1.00a 5.48a 1.79a 55b 4.18b  7.10a 6.29a 2.7 2.8a 23.0lab 0.58a
FFA15 18.18a 4.47a 6.79 7.48a 0.63a 30.7a 28.33a 34.73a 13.74a 25.0 18.6a  88.09a 1.76a
LSD 22.64 5.42 9.05 7.71 2.32 19.39 18.93 36.73 14.60 - 22.38  68.49 1.54
Std. Error 3.80 0.91 1.45 1.03 0.42 431 3.70 6.38 2.06 - 3.18 12.34 0.25
PO (mg m?) +
GR Oa Oa Oa Oa Oa 0.25a 0Oa Oa Oa 0 Oa Oa Oa
FFAS Oa Oa Oa 0.35a Oa 0.40a Oa Oa Oa 0 Oa Oa Oa
FFA10 0a 0a 0.17a 0.65a 0.6a 0.50a  0.6a 0.4a 0.77a 0.1 Oa 1.86a 0.14a
FFA15 Oa 0.4a Oa 0.30a Oa 2.12a  0.7a Oa 1.17a 0 Oa 1.66a 0.10a
LSD 0 0.72 0.27 0.67 0.67 3.48 0.96 0.64 2.50 - 0 3.02 0.19
Std. Error 0 0.11 0.05 0.14 0.11 0.49 0.16 0.10 0.34 - 0 0.47 0.03
K (mg m?)
GR 530.2a  144.9a 102.1b 99.8a 153.7a 98.2a 70.1a 119.0b  68.3a 52.5 49.6ab 308.5b 4.41c
FFAS5 516.4a  126.0b 104.8ab 79.2a 161.8a 106.0a 69.1a 126.7b  89.0a 33.4 50.1ab 316.9b 23.76a
FFA10 683.2a  148.6a 118.8ab  83.7a 158.8a 87.3a 77.6a 115.8b  82.2a 34.3 43.4b  353.4ab 13.25ab
FFA15 578.2a  140.1a 166.9a 89.6a 137.4a 114.3a 91.2a 16l.6a 113.8a 114.6 134.1a 530.3a 15.91bc
LSD 245.4 26.26 64.69 25.98 54.49 29.09 29.88  32.64 71.48 - 8541 196.38 9.71
Std. Error  39.43 5.98 17.90 5.02 19.27 7.20  4.61 8.63  12.99 - 15.76 43.78 2.38

*GR: Application of granular fertilizer (16:4:8) N ai 15 g m? per year; FFA5: Application of liquid fertilizer (13:2:3) N ai 5
g m? per year; FFA10: Application of liquid fertilizer (13:2:3) N ai 10 g m? per year; FFA15: Application of liquid fertilizer
(13:2:3) N ai 15 g m? per year.

¥ Correction of missing plot data by general linear model (GLM) analysis procedure of SAS.

z Means with the same letter within column are not significantly different at P=0.01, 0.05 and 0.1 by least significant
difference (LSD) test.

AAFE S| 2o} ofu]o] FHAIH]7} SAlof] Soi7t 9 11YRE] 102 24Y7}HA] fets AAte] A4 Zao] 3
FFAS #1277} 1324 mg N m?2 §3o0] 718 24T FFALS 2|77} 88.09 mg N m* 2 71 B+ 210 2 Ut
W AT B S 4% BERkE 2718 A0 2 ey

o
rlo

2

Weed & Turfgrass Science Vol.9 No.1, 2020 94



Effects of Liquid Fertilizer Foliar Application on Growth of Kentucky Bluegrass and Leaching of Nitrate, Phosphate and Potassium through Sand-based Soil Ground

& 717 Aot 4 82
A s 2ol BUH a4
FFA1S %2} 7:9] A £
o] 2 1.76%S UERARA
A0] 522434 mgNm? ©
AJH] &= 2 2]of mhE AR
At d4o] 8 Aol = AA] o2

THOE AH] BT ] R-2F v &2 SAitolH 99 11U HE 109 24U 71A] 9] FFAS
F2 & 2,000 mg N m?o] FAL|QIL, Arbel AAo] BEE-2 oF 0.66%S EFLEIITE
% 5,000 mg N m? °]. 2™, 71 Fof 2F 88.09 mg N m?2] ZAtel] A 47} 8ete|o] 2o
BT RALe] A4 F B 7,000 mg N m? 0|0, & 7]7tol| 22 Zite) &
ALt 2 40] 3482 2F0.35% 3T}, Lo /=t 5ok HH] FH
= A0 & Hol AE7| EF 1A AlH] R B HAH| skof &

Q€
]
s

E—ﬂrlo

X
S~
ol
£
o)

QIAMHPOS) BE
thE-20] A7)0l A] QIARZ 0-1 mgm? o|5t2 WA SEE| It 2= 9 5Uof 025 mg m?7F Ql4to] S840l A]
742% A AlQlstile ohE ZAR7|oll= HEEA] EUth ARAH] 2752 A7)0 uet d7 OJJOl £ =
Ao TEE | mgm? ©]5}3ILE. 22 A7)0l /3 B3| 5 Y Hu]o] AHAIE|7F 5oi7t o 11U R E 102 24Y77}
Xl Uit 52 S R FFAS 2 2] Foll A 522 G121 21, FFA10, FFALS ] 2] t2] S=hollA] Q14k2 7F2} 1.86,
1.66 mg m*7} -S| ARk Z 2] 7ol BAZ 0 &2 F-o]ZQl xfo]= giict.
ATH] Q12 thn] &g ® QlAko] v &2 $HAsH ATt 00.14%S LEFU o] AE)7] B2 aA7} AlAE 2e Eo
A Qlite] 8ehe Alu] ¥hlo) mh2 S UEPA] &S A 0 & whekE Tt

ZE(K) 8

79 240 ] FHAJH] X 2] AlH| 5ol et ZHE 8 2 717} 5164, 6832, 5782 mgm?S B AT %]
2|7kl BAIA O & 32431 Aol = GIgiTt. At AlH] 7412101] w2t 59 8ol A ETHHE A2 SRE 290] Ats
o= Bkl 79 24U 0] AP A ZHE 5302 mg m27F-SEE T 92 17U RANIAE= FRALS 22l 7te] ZHE 82
o] 161.6 mgm?&E 7P Bk om, A 2|77to| Eﬂlﬂ_i 7o Aol 2 Bl T2{i} 9 299 A HE&=
2] 7tol| BAIH 0 & felgh ato] 7} k] 7] ekttt

9d 11YRFE] 108 2447HA] 82 Z4-F2] T2 ] FHAH] w0l whet 217} 3169, 3534, 530.3 mg m? ©| AT
29 AAFESH| & 2= 308.5 mg m?& LR 71 A2 Zhg 887k Bl 25 89 238 B o
H] 82O = Liro] hitshH ARHAE] A2 4e 2ol Wl 22} 23.76, 1591, 13.25%7F &5 E UL, Ti=toilA]
+441%7+ 82 e} webi] ZE-2 T2 AERH & X 2] to] sl Au| &2 X 2|E wf §2-&o] F7Foh= A

O = yhekETh
ng-

Geron et al. (1993)2 =2 o531 £7F&0l NOy =°| 7 L<;]>‘_ o 71 o]f= M= Be] o] A/ ut A17o] A
w31, AF Al7]A 0.2 o] 7|7to] AlZA U] Qi—c’——ﬁ\—ﬂ' AEE A7 HEQl Ao g FSHYA 51t 2 Aol
MIE Z 7RSSR 9g ol AAte] A Aol 8E7Fo] WtH A0 = FAFE|QIT Engelsjord and Singh (1997)2 R o]

g A A4 AlH]of| -2 NO;N| 8252 1.1-2.9% 0]5'_ LERRFC ) mg ! o]52kal H s HE QITh Frank et al. (2006;
2016y HE}7] EZ T2 A0 4] SEE NOsy 55 AP O 2 5 mg L1 0|51 0L}, 245 kg N ha! X2 Alol= -84
71291 10mg L' & Z3tsto] See] 11, AJH] AA0] 1-11%7} 8 Th B 151ITh Hesketh et al. (1995)2 ZIE]7] £
FaefA0] 2/ F Aol mh2 A Ao] 8EE-2 24 0.1%0l1A 2|t 7.9%2 2 BA1sl=t], 2 Ao e 87 2
Foll ZAI7F El= FAte] AANON)2] &2 1% U9 o 202 ZARE ]I ot R & 2ot 3
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AlB] 22| 7ol AAte] A A g 2ol = ixl O¥OIT} Zhang et al. (2013a)2 ESF ©to| ZE]7] B2 Ta)A0] A
2T d A 88| IS Frhar sl on, 50 w2 AA §EE-L 7172619, 2.8-21% 2Hal ESIGIT &=
3t Zhang et al. (2013by> ZE|7] EF 1A F5ol whet da 4o thEm, ot AA0] §4= 339 dA 5
of w2t = NOs S0l fi3}7} Qltkal B asigict 2 A-tolla = ZE 7] S A0 AAtejd 4 8252 2 of
1.76%= 9]9] B 11 Brh= 88-50] A9l oL} o]= Q19 Z Q1 Heke] 7o) uljA|H &g 2] Zfolof 7]Q1gH 24 o = Az}
Fok. Z12{4 Guillard and Kopp (2004)°1] 2|51 ZE]7| EF 12 A0t w2y 2lo] 12jA B F2|3 gl EfAfE &
gato] 239t S| PRt of] Aa s 7H8/d A Al AARRE 5O] A NOs §2E-2 16.8% °| 1L, Zev+& IH
H &3/ 2 AH|E (polymer-coated sulfur-coated urea, PCSCU)Q| AFEA] 8852 1.7% oM, 7] AH| 8.5 AJH|A] &8

B2 0.6% 2l o Bk fARRE 23kE Hel Zlo = zbEh

Qrhe thiE Eqol 1= o] eefo] nj- AU Ao & wekw|r, ZHE-2 AW 9l AjH]E o]l Aglo]
A|&2 0 2 geko] g2 712 SRlslr). et Z-g-2 AvAIH| o e & A2 tell 8= E Alo|7F gl e

U, 8282 o] Q] Hel 77h 230 o0 2 ot

[¢]

2%

AHAHA] HE7] EF 240 S} EF 254 F A4, QAE Z4HEO] §E852 XAtz & A7t 8
=ik R EZF SR 2to|AlnlEfo] ZE7]| EF 1A S AR oIt HHAH]-& F3koHH| 2 FFA (fertilizer for
foliar application, N-P.0s-Ko0-Fe-Cu-Mn-Zn=13-2-3-1-0.1-0.2-0.2)2} th2(E3H| &, U/, N-P.0s-K:0=16:4:8)5 AF-&-3]
At} AHAH]E= AT 15 g (FFAL5), 10 g (FFA10), 5 g N m? (FFAS) 4230|111, AP 752 50 mL m20 2 5} ch Al
7) B2 ae) 0] GulTh EUL FAALS M TollH 271514, Au) Atmego] Z7hd 42 1.27] 243} 24| £

ZFstl ot A/ A A5k HEFS SAIH 02 FoAHE Ho 2] gott). A 2o upE ZAite dA 89
F W9 += 13.24-88.09 mg N m? 0|21, 8EE-2 0.58-1.76% ©| AT} o)/ S ot AL 55 50 mLm? 502
HIE A AJH|A] of 34 1127] ] M 24 {27} 7Fs3lon, et Qlite] §ERkE tix9l /=4t

SE70} 3ol S B b2 A0 2 ekt
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