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Influence of Ca™ Treatment on Growth and Mineral Elements of
Cool-Season Turfgrass Species

Seong-kyoo Kim - Hoon Kang'* - In-Sup So'

Pinx Country Club
'Faculty of Horticultural Science, Cheju National University

ABSTRACT

The influence of calcium on the growth of creeping bentgrass ‘Penn-Al’, perennial
ryegrass ‘Palmer II°, Kentuckuy bluegrass ‘Nassou’ and tall fescue ‘Boonsai 2000’ in green-
house was investigated. Creeping bentgrass ‘Penn-A1’, Kentucky bluegrass ‘Nassou’ and tall
fescue ‘Boonsai 2000" at Ca 4.0 me/L, and perennial ryegrass ‘Palmer II’ at Ca 2.0 me/L
showed the best shoot growth. Creeping bentgrass ‘Penn-A1’, perennial ryegrass ‘Palmer II’
and Kentucky bluegrass ‘Nassou’ at Ca 1.0 me/L, and tall fescue ‘Boonsai 2000’ at Ca 4.0
me/L. showed the best root growth, and there was little or no difference between different
Ca concentrations. Creeping bentgrass ‘Penn-A1’ and Kentucky bluegrass ‘Nassou’ at Ca 4.0
me/L, and perennial ryegrass Palmer II’ at Ca 1.0 me/L had the highest number of tillers,
and tall fescue ‘Boonsai 2000” at Ca 4.0 me/L had the highest, but there was no difference
between different Ca concentrations. As application rate of Ca concentration became higher,
the concent of Ca in plant tissue increased, while the content of Mg in plant tissue
decreased, and the content of Fe in plant tissue increased to Ca 4.0 me/L. The Ca treatment
had not effect on N, P, K, and Zn of tissue content. The wick pot applied will be to
research of plant nutrition in future because utilization of wick pot has an excellent preci-
sion and convenience.
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Table 1. Nutrient solution used in the experiment’
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Ion concentration (me/L)

Treatment — - K N, Na NO, SO; PO, O Towl
Ca0 0 2 6 2 8 13 2 1 2 36
Ca0.1 0.1 2 6 2 7.9 13 2 1 2 36
Cal 1 2 6 2 7 13 2 1 2 36
Ca2 2 2 6 2 6 13 2 1 2 36
Cad 4 2 6 2 4 13 2 1 2 36
Ca8 8 2 6 2 0 13 2 1 2 36

Ca8Na8 8 2 6 2 8 13 10 1 2 52

Each solution contained 40.0 mM FeSO; TH0, 4.0 mM ZnSO; - 7TH:0, 20 mM H;BO;, 0.5 mM

CuSO0; - 5H20, 10 mM MnSO; -
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(Agrostis palustris Huds.) ‘Penn - A1, Peren-
nial ryegrass(Lolium perenne L.) Palmer II’,
Kentucky bluegrass(Poa prantensi L.) ‘Nassou’,
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Fig. 1. The capillary wick system (CWS) utilized
custom-designed plastic pots (13.5-cm diam, 10.5-
height), each containing a specialized wick em-
bedded in the root medium and extruded (5-cm
long) out through one of the pot’s five bottom holes.
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Creeping bentgrass Penn-Al'?] 2#4-& Ca
4.0me/LojA 40.5cm=E 7H} Z2UAT A
T9] 35.2emE Aslus Ca A 7+ 494
o] ¢t} Shoote] AA|FL Ca 4me/LolA]
46.9g/potZ 71 E9ton, Ca 1.0me/L9]
43.0g/pot, Ca 2.0me/LLe] 44.5g/pot, Ca
8.0me/L9] 43.8g/poteh= oAt fAAITL,
Ca 0.1lme/L9) 41.7g/pot, F-A2]4 41.4g/pot
= Fo27F AP AT Shootd] FEFE
Ca 4.0me/Lo)A 4.8g/pot 717 U433l on
AAF 2 AEgS Bych

Ba]dol= Ca 1.0me/LojA 262cme 713
AYA, Ca 8.0me/L.E A|¢jstie R A7}
gt #elo] AAFH AEFL Ca 1.0me/L,
Ca 2.0me/L, Ca 4.0me/L. AloldlX & H-o)z}
§URAT 2 9] APk frelate BAth

T8gE Ca vt S719e wet S7ieid
Ca 4.0me/LolA 104742 713 ggteon e
A2l frelakE Bt Table 2).

Perennial ryegrass ‘Palmer II'9] Z#A&
Ca 2.0me/Lol|A 60.6cmZ 717 AR 3]
279 49.9emE Astne A o feolzt
7t gilem, Shoote] AAFH WEFE Ca
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Table 2. Effect of calcium on growth of creeping bentgrass ‘Penn-Al’

2 Shoot Shoot Root Root No. of
Treatment Fresh Dry Fresh Dry .
length . . ) . length tillers
(me/L) (cm) weight weight weight weight (cm) (eg/plant)
(g/pot) (g/pot) (g/pot) (g/pot)

Ca-0 352b  4l4c 43 b 8.0 be 040D 24.2 a 6.6 ¢
Ca-0.1 384 ab 417 ¢ 43 b 97b 06 b 245 a 78 b
Ca-1 39.7 a 43.0 be 44 ab 119 a 1l a 262 a 78D
Ca-2 40.1 a 445 abc 4.7 a 119 a 11 a 23.3 ab 87b
Ca-4 40.5 a 469 a 48 a 119 a 09 a 23.3 ab 104 a
Ca-8 38.8 a 43.8 be 44 ab 7.9 be 04 b 211 b 81b
Ca-8-Na-8 387a 43.7 be 41b 7.6 ¢ 04 b 225 b 8.7 ¢

*See Table 1.

YMean separation within columns by DMRT at 5%.
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Table 3. Effect of calcium on growth of perennial ryegrass Palmer I’

2 Shoot Shoot Root Root No. of
Treatment Fresh Dry ‘Fresh Dry ;
length ; i . . length tillers
(me/L) (cm) weight weight weight weight (cm) (ea/plant)
(g/pot) {(g/pot) {g/pot) {g/pot)
Ca-0 499 ¢ 63.8 b 85b 14.0 d 14 b 29.7 a 38 ¢
Ca-0.1 594 a 784 a 10.2 a 14.7 d 14 Db 30.7 a 4.9 be
Ca-1 59.0 a 80.1 a 105 a 16.3 ¢ 15b 32.2 a 6.2 a
Ca-2 60.6 a 79.7 a 10.1 a 18.1 a 1.6 ab 310 a 5.8 ab
Ca-4 59.3 a 78.0 a 10.1 a 18.1 a 19 a 317 a 44 ¢
Ca-8 59.0 a 766 a 10.1 a 174 b 1.8 a 308 a 44 ¢
Ca-8 - Na-8 546 b 78.1 a 10.0 a 172 b 18 a 298 a 41 ¢

’See Table 1.

"Mean separation within celumns by DMRT at 5%.
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Table 4. Effect of calcium on growth of kentucky bluegrass ‘Nassou’

2 Shoot Shoot Root Root No. of
Treatment length Frfesh Dry Frf:sh Dw length tillers
(me/L) (cm) weight weight weight weight (cm) (ea/plant)
(g/pot) (g/pot) (g/pot)  (g/pot)

Ca-0 26.5 ¢ 143 ¢ 19b 40 a 05 a 175 e 13d
Ca-0.1 31.5 ab  17.7 abe 25 a 48 a 06 a 279 ab 29 be
Ca-1 31.0 ab 17.8 abe 25 a 54 a 08 a 299 a 2.7 be
Ca-2 31.7 a 19.3 ab 28 a 50 a 0.7 a 26.1 be 3.2 ab

Ca4 320 a 20.5 a 30 a 51a 0.7 a 24.1 cd 37 a
Ca-8 314 ab 202 a 29 a 48 a 0.7 a 220 d 2.6 be

Ca-8-Na8 293b 15.7 be 25 a 39 a 06 a 23.1 cd 23 ¢

’See Table 1.

"Mean separation within columns by DMRT at 5%.

4.0me/LolA 56.7cmE 71 A3 2z 7h
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Table 5. Effect of calcium on growth of tall fescue ‘Boonsai 2000°

Shoot

Root

Treatment” liﬁ(g)gl Fresh Dry Fresh Dry lfrf;:h ﬁﬁé::

(me/L) (cm) weight weight weight weight (cm) (ea/plant)
(g/pot) (g/pot) (&/pot) (g/pot)

Ca-0 51.7 ¢ 581 ¢ 6.7 ¢ 14.2 a 14 a 238 b 2.5 a
Ca-0.1 53.0 be 65.9 b 77 b 145 a 14 a 241D 2.8 a
Ca-1 54.5 ab 70.8 ab 78 b 146 a 16 a 240 b 27 a
Ca-2 55.9 ab 736 a 8.3 ab 14.7 a 15 a 25.8 ab 30 a
Ca-4 56.7 a 766 a 8.8 a 154 a 1.6 a 283 a 3.2 a
Ca-8 52.9 be 73.7 a 86 a 142 a 13 a 277 a 31a

Ca-8 - Na-8 52.2 be 74.7 a 8.6 a 145 a 14 a 26.3 ab 31a

*See Table 1.

YMean separation within columns by DMRT at 5%.
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718 tHArshad 5, 1997)1 it a8y
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Creeping bentgrass ‘penn-Al’, Perennial
ryegrass ‘Palmer II’¢} Kentucky bluegrass
‘Nassou's= Ca 1.0me/L, Tall fescue:= Ca
4.0me/LoA FejZol7t 71 ZAR|W, Ken-
tucky bluegrass ‘Nassou’?} Tall fescue
‘Boonsai 2000’9 45t Ca A 2lol| W& &2 x}7}
A==, Miyasaka®t Grunes(1990)%
wheatolAq] Ca 30 FolAFE Yigjdolr}
7Rt Baskyit

Creeping bentgrass Penn-Al, Kentucky
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‘Palmer '+ Ca 1.0me/LoA ELE7F 713
wol=d, Orchardgrass?} Smooth beome-
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FAl2F2] Shoot W 7714 & & Creep-
ing bentgrass Penn-Al'ojx N+ Ca 2.0me/L
9} Ca 4.0me/LollA] 3.84%, P Fx]2] o)Al
2.00%=Z 7FE =tort el 7 fexe= A
o] A=A ¥tk Ke Ca 4.0me/LojA
3.71%, Fex= Ca 4.0me/Lol A 272.73ppm, Zn
<2 Ca 2.0me/Lol| A 43.8 ppm o2 714 &9t
gk A ztl foite KE Agstae ok
Cax Ca %7l 71842 Zolx Ca 80
me/LollA 0.62%=2 71F &gkow Mg Cast
€ W2 FA2PFelA 0.45%2 71 #3ten
Ca, Mg 25 2] i fej4do] AUt
(Table 6).

Perennial ryegrass ‘Palmer M’ N&
Ca 2.0me/Lo|A] 3.53%, K& Ca 1.0me/Loj|A]
4.2%, ZIne Ca 2.0me/LojA] 64.59 ppmeo =
7P AT A 2 feAde] givled, Pe F
A FoAl 1.67% Fex Ca 4.0me/LojA
1558ppm o2 714 #kom A it & A
o] HolA st

Ca g2 Ca 8.0me/LojjA] 0.58%, Mg+ %-
A FelA 0.63%2 7MY et Cas v
7t &5 7MoY Mge W2 Ca 5
=7t #5548 YolAe AgE Bin 7 Ae

Table 6. Effect of calcium on the mineral elements of creeping bentgrass Penn-Al’

Treatment’ N P K Ca Mg Fe Zn
(me/L) %) (%) (%) (%) (%) (ppm) {ppm)
Ca-0 380a 209 a 32l ¢ 0.36 e 045 a 193.53 b 35.29 ab
Ca-0.1 3.78 a 181 b 332bec 037e 039 b 232.00 b 35.48 ab
Ca-1 383 a 1.80 b 340 bc 039de 038bc 23927 b 34.07 ab
Ca-2 3.84 a 188 ab 346 bc 042 cd 0.37 be 25747 a 4381 a
Ca4 384 a 184 ab 371 a 0.50 b 0.36 ¢ 272.713 a 39.75 ab
Ca-8 3.81 a 192 ab 360ab 062 a 0.36 ¢ 196.73 b 3210 b

Ca-8 - Na-8 392 a 194 ab 322¢ 046 bc 032 d 190.00 b 33.00 ab

*See Table 1.

YMean separation within columns by DMRT at 5%.
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Table 7. Effect of calcium on the mineral elements of perennial ryegrass Palmer II’

Treatment’ N P K Ca Mg Fe Zn
(me/L) (%) (%) (%) (%) (%) (ppm) (ppm)
Ca-0 3462 167 a 414 ab 034 d 053 a 96.06 ¢ 6141 a
Ca-0.1 344 a 164 a 418 a 035 d 046 b  116.13 be 59.97 a
Ca-1 349 a 129 b 420 a 0.36 d 042 ¢ 11113 be 58.39 a
Ca-2 3.58 a 1.36ab 413 ab 041 ¢ 043¢ 12460 abc 6459 a
Ca-4 345 a 1.29 b 414 ab 048D 038 d 15580 a 55.01 a
Ca-8 336 a 124 b 413 b 0.58 a 039d 13740 ab 52.84 a

Ca-8 - Na-8 339 a 137 ab 385D 051 b 038 d 131.00 abc 5547 a

’See Table 1.
YMean separation within columns by DMRT at 5%.
2kl 21217} QR EIRAck(Table 7). £ W2 $57 Be4E Skt AU B

Kentucky bluegrass ‘Nassou'o]x N& Ca
8.0me/LolA 8.76%, Fe Ca 4.0me/LojA]
152.93ppm, Zn< Ca 1.0me/LojA] 52.41ppm
o2 7P XA A el felzvt fide P
= FAgFlA 1.3%, K& Ca 1.0me/L 3.3%
2 7P B5tn 9% A el fel4e] glgich
Cat Ca 8.0me/LoA 0.39%=Z Ca 37l =
S+ Zvlslen, Mge 2318 Ca ¥%71

adte %S Bo Cast Mg 7t

2589 fElAle AEe d¥o] a9t
(Table 8).

Tall fescue ‘Boonsai 20004 N, P, Mg+

Ca 557t 5242 74A48le Z42 Hol1 Ca

Table 8. Effect of calcium on the mineral elements

38

tt. §3] Few FAg]d vls) A7t 459
1 ol kst Ca 4.0me/L A FolX e
166.53ppm o2 713 &2 Ho|ytHTable 9).

Caq +x7} £84% Shootl] Ca TqIFE =
e, 79 FFe ol IRl iy
o8 %t & Fo| F%0] ¥z 5
1972)8t2 21 Ca F57F 258§ Mg §iol
w2 A& Cast Mg o] & Atolol] ZA&ztgo] o
o] Wz 5 1972 4, 1976; Horst,
1986)0]ct.

Ke FA8]7HEt} Creeping bentgrasse}
Tall fescuedjrl= Ca 8.0me/L, Perennial
ryegrass®} Kentucky bluegrassdlrl+ Ca
0.lme/LolX FFol B3t Cadl EAe

of kentucky bluegrass Nassou’

Treatment® N P K Ca Mg Fe Zn
(me/L) (%) %) (%) %) (%) (ppm) (ppm)
Ca-0 342 ¢ 1.30 a 321 ab 0284d 041 a 93.71 a 51.90 a
Ca-0.1 362ab 111b 326 ab 028d 037 b 111.00 a 50.45 a
Ca-1 363ab 104 Db 3.30 a 028 cd 0.35 be 112.38 a 5241 a
Ca-2 358 b 1.15ab 327 ab 030 cd 0.35 be 138.80 a 49.86 a
Ca-4 363ab 120ab 321 ab 0.36ab 0.33 cd 152.93 a 44.96 a
Ca-8 3.76 a 115 ab 314 b 0.39 a 0.32 cd 115.60 a 45.77 a

Ca-8 - Na-8 3.73 a 1.08 b 3.01 ¢ 032 bed 030 4 11760 a 2156.10 a

*See Table 1.

YMean separation within columns by DMRT at 5%.
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Table 9. Effect of calcium on the mineral elements of tall fescue ‘Boonsai 2000’

Treatment” N P K Ca Mg Fe Zn
(me/L) (%) (%) (%) (%) (%) (ppm) (ppm)
Ca-0 3.67 a’ 132 a 372 d 031 e 0.66 a 95.35 c 54.25 a
Ca-0.1 3.63 ab 1.30 a 392 b 0.36 d 059 b 117.71 be 53.46 a
Ca-1 3.60 abc 1.25 a 383 bc 0.36d 059 b 127.21 abc 5599 a
Ca-2 3.52 be 127 a 405 ab 040 ¢ 059 b 149.80 ab 54.85 a
Ca4 336 d 129 a 412 a 045 b 058 b 166.53 a 4893 a
Ca-8 346 ¢ 1.23 a 391 b 0.55 a 059 b 137.60 abc  55.71 a

Ca-8-Na-8 364 ab 1.18 a 374cd 045D 0575b 126.00 abe 55.77 a

’See Table 1.
YMean separation within columns by DMRT at 5%.
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Creeping bentgrass ‘Penn - Al’, Perennial
ryegrass ‘Palmer II’, Kentucky bluegrass
‘Nassou’, Tall fescue ‘Boonsai 2000’9] A%
of tigt Zge] Y¢S AN ZAISIA

Creeping bentgrass ‘Penn - A1’, Kentucky
bluegrass ‘Nassou'$} Tall fescue ‘Boonsai
2000’2} shoot 352 Ca 4.0me/Lo)| 4], Peren-
nial ryegrass ‘Palmer [I'= Ca 2.0me/LollA
7HE dzetach

Creeping bentgrass ‘Penn - Al’, Perennial
ryegrass ‘Palmer II'¢} Kentucky bluegrass
‘Nassou'?] #Hg]A8e Ca 1.0mel, Tall
fescue ‘Boonsai 2000’ Ca 4.0me/Lo|A 7}
7 FEAAT A 3t & Aol iU

Creeping bentgrass ‘Penn - Al’S} Ken-

Eege Ca
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4.0me/L,, Perennial ryegrass ‘Palmer II'e
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