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Abstract:The purpose of this study was to select a suitable planting substrate for multi-
layered plantings in an apartment landscape space. The experiment was conducted
between May to October 2019, at the National Institute of Horticultural and Herbal
Science. Planting substrate was prepared in six repetitions of eight treatment zones
using mulching material, horticultural soil, bottom ash, and subgrade soil. Rosa hybrid
‘Barkarole’ and Hydrangea macrophylla ‘Nikko Blue’ were selected as the experimental
plants. We investigated the monthly variation and effect of the substrate type on the
growth (plant height, number of branches, leaf length, leaf width, and plant area of the
substrates) of the plants. In R. hybrid ‘Barkarole’ grown in 20 cm of horticultural soil and
10 cm of bottom ash, the plants were taller (102.2 £5.8 cm), had more branches (5.5+0.6
each), longer leaves (10.9+ 1.0 cm), and greater leaf width (6.2+0.5 cm) and plant area
(40771 £416.6 cm?) (p< 0.05). H. macrophylla ‘Nikko Blue’ showed the best growth from
3 cm of mulching, 20 cm of horticultural topsoil, and 10 cm of bottom ash, which resulted
in taller plants (43.6+2.1 cm), more branches (4.9+ 0.8 each), longer leaves (72+0.5 cm),
and greater leaf width (4.3+0.3cm) and plant area (344.5+43.2 cm?). Through this study,
it was possible to propose an optimal planting substrate for shrubs for multi-layered
landscaping.
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AR 2 A4st7] flo) AEHUE F o tet 7id o]
ST (Turner et al. 2001). U EH T = 4R,

AlE7 2 oot AEd et FR-E Foto] 954 A2, AAFE, FHTh (Stepping stone) = TE= T
ol A WAL FAIstH AAEAAA 5 ket 7152 Al (Turner et al. 2001), O}TtE A, 2A =3 H| & 5 AF
55t QAT (Thompson et al. 2012). A E72te] 421 I 2735702 AU ELT SHoA A Woll AATH
€ vl F&E vAH, ZAlst] uhet Ed 2] (Stepping Stone) H &= 517] WiZoll T840l FxH L
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1T} (Choi et al. 2004; Sung et al. 2014).

OME ©@2]9] 272 o] A=A tdrt £kt
= A5l & Bt opet AU EQIAE FIAA & 5
UE Ao = F7HO] 7|9} Q1Ao] FAE T 917 wwol
(Han et al. 2017; Kang and Cho 2018) 21779 &= @74 ¥ 2}
Skl Q= FAlolek 1970 d i 1990 7H2] ofutE
92| U 2A355 AA7ES ZARRE Aol 2JshH 1990
Atj7t2] wepA|Ztolof, 23T 5O tluES dE=
Ao 5 HERER FHJ A2 YT (Sim and
Lee 2001; Lee et al. 2004). T3+ Kim (2011), Ghazal (2019),
Han and Jang (2020) 59| AZEL oftE X AA A7}
wmof Hsf gE 22 FO| 47 A2 A A5k
A AA ALY FAFEE AR ThEAA =4 Al
¢rokele £5] 20109 o] ¥ 27§ Hi€F7et 1R &
A& BT A9E0] S7HFAT (Ju et al. 2010; Cho et al.
2010). TAAY +F 0 2= optE FHISS thifow A
Sl PES ZASIAS wol] et p=iat 22 ok

< F550] MEEHAA Z-go] Fobx]al QUTh(Lee et al.
2012). 2 HEA thadA AEE, ofE 27 &8
Elo] 931 lt}(Dole and Wilkins 2004; Lee et al. 2011).
A ofutE thz] Z|staby W2lo] SRt wet A
HFEE7F QISANTS] H R Wslelal glo], o] 5 a1Hjh
oA A7 18 =] oo @FC} (Han et al. 2017). Q15 A5 4]
A= AAAT R A& 5o Y& 712 (You et al.
2019), AA8o] A%SHA sk £ BS BSAAE
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AT}, wp2hA] Q1A A o] ofutE T[N A= AP
o] A3 $A18 4 Gl o] Bas)

SAE] S AAE 5H7] A= AAARE
Srofof gt B o] QIgAN A AR
30 cm ofstolH, HiTEYS, SYESS, AT
2 FEH o} (Hwang and Lee 1997; Seoul 2011). HiEFS
(Drainage layer)> 5=°] 23l 5}5-0] 7hH2 A, Wiyl
4, 8ol 58 BEoITL 9.00], §AEUE (Growing
medium layer)-> A& 5= 915 F7120°] 7% HFE
W QIFEFS B} Ut ARE (Plant layer) & 412
2 A 0 B BAS 9F AAARE A8
Ho}(Kwon et al. 2013).
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A 71E] AR wE B o] a5 g kot

woll 275k AFAZ1AL AlE BAEES FIAE 5

STt (Kwon et al. 2013; Kim 2014; You et al. 2019; Han et al.

2020). L2} olE 27F oA ESA R e 2

o] A A|REe] EQFE-S fFAH o= ARt A= BE
4

o 2 72 Bato] ojnte 27l thEAAE A4k
S AT B 5 Gl AN Alkshe | 724
22 98 7P ¥ Zolch Ee AHIEH T ZRoIA 2
7] 75438 a7 0= |k

2 Ao AMEE AlE A== 1] (Rosa hybrid ‘Bar-
karole’) 2} == (Hydrangea macrophylla ‘Nikko Blue’) ©| ™
20199 44 169 TAFE Aol YAt Sl
oStk AT AR 250l Thg Az S5
d& 2] flste] AtRk el AR FEX
T8 AL ASA T A2 Wl 2= 4
490 % 330% 370 mm (W73 x o] x o} 2] F) o] ZafAE
ShH2-& 200mm 7HA 0. 2 ZFAASIAH: A2 okl 1
WA et o2 ARSI o, 5 35] Aufo]a W o]
&3l 14174 skl

LS B S

2. ATIR|e £

—

Aol AFFH EG2 HITEYS (Low level) ©fl Kim et
al. (2013)¥F MOLIT (2020) 914 AAIgH B o) A] (Bottom
Ash), SA4 E 8% (Middle level) ol NIHHS (2017) 4] AA]
ot QA A E Sunshine Mix4 (Sun Gro Horiculture, Belle-
vue, WA)©|th. 2245 (Top level) <= HH AN =2 NIHHS
(2017)°l14] AAIRF HF 3 (KumjungwonBark, Korea) & AH-&-

shiet.

A B2 M9 AskEArgol gl obste v
2AFOE AU HSEFEY FHEWE, 4]
Azel Aol FHL A A%e] AFE FA Bk (Lee

and Moon 2000). WahA A=
ESA =] ZolE th2A gk 23 (Soil 1~7) T 2
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Table 1. Composition of the eight tested substrate types. Soil 1-Soil 7 differed in the depth of the mulching layer, the growing medium
layer, and the drainage layer. Soil 8 was a control

Substrate type Mulching layer (depth) Growing medium layer (depth) Drainage layer (depth)
Soil 1 Bark (3.cm) Horticultural soil (20 cm) -
Soil 2 - Horticultural soil (20 cm) -
Soil 3 Bark (3cm) Horticultural soil (10 cm) Bottom ash (10 cm)
Soil 4 - Horticultural soil (10 cm) Bottom ash (10 cm)
Soil 5 Bark (3cm) Horticultural soil (20 cm) Bottom ash (10 cm)
Soil 6 - Horticultural soil (20 cm) Bottom ash (10 cm)
Soil 7 Bark (3cm) Subgrade soil (30 cm) -
Soil 8 - Subgrade soil (30 cm) -

Control: Insite soil used in the landscaping of apartments in Jeonju in the condition that the drainage layer and the mulching layer are not separated.

Table 2. Soil chemical properties of the soil materials by soil layer. According to the landscape design standard grade, the pH and OM of
horticultural soil were “good” grades. In the subgrade soil and bottom ash, EC was a “good” grade

Exchangeable. Cation

Soil type P
oH EC? oMm? Av. P20 cmol” kg™)
Grade of landscape (1:5 (dS m™) % (mg kg™)
design standard K Ca Mg
Drainage (B,\%"Lrﬁa;gzo) 77 0.0 0.1 29.1 0.0 0.1 0.0
layer '
v Grade Poor' Good* Poor Poor Poor Poor Poor
Horticultural soil 6.2 1.3 26.5 59.0 0.8 12.1 10.1
Growing Grade Good Poor Good Poor Poor Good Good
medium layer Subgrade soil 6.6 0.1 0.8 2.7 0.1 24 11
Grade Fair® Good Poor Poor Poor Poor Poor

“Electrical conductivity

®Organic matter

“Available P,0s

9Good grade criteria for evaluation of soil chemical properties in “Landscape Design Standard (The Korean Institute of Landscape Architect 2016)": pH 6.0-6.5;
EC <0.2;, OM 5.0<; Av. P05 200<; K3.0<; Ca5.0<; Mg 3.0<

°Fair grade criteria for evaluation of soil chemical properties in “Landscape Design Standard (The Korean Institute of Landscape Architect 2016)": pH 5.5-6.0
or 6.5-70; EC 0.2-1.0; OM 3.0-5.0; Av. P05 100-200; K 0.6-3.0; Ca 2.5-5.0; Mg 0.6-3.0

‘Poor grade criteria for evaluation of soil chemical properties in “Landscape Design Standard (The Korean Institute of Landscape Architect 2016)": pH 4.5-5.5
or 70-8.0; EC 1.0-1.5; OM < 3.0; Av. P,0s < 100; K <0.6; Ca <2.5; Mg <0.6

(Soil 8) & 65HE-0 &2 X AJ5H{TH(Table 1). 7 FAFEEA]
HEA] (KCS 34 30 10:2019) 2] AZH7|5E 2/dof] W= o}
E 270 &8 EGS FFIYE T TRIESS
8ot =of it FFAYEE &8 7
Fot SHAEGFTS FEoHA] = Aol
(Han et al. 2020) 2= HAFA| S olutE
(Subgrade Soil) & &-8-5}%].oH, v EFEart
S ok gtk

HSEGST SAESGS S48 EGARY ofmtE
a4 H87ts Q157 flall EFATE (pH), 713

=

32 o
o o
ox Mo ¥
o M =

Rt )

o
o2,

Ho

o,
o
tek
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I (EC; Electrical Conductivity), 71 &% % (OM; Orga-
nic Matter), -7 214t (Av. P,Os; Available P,0s), X 2Hd o]
(K, Ca, Mg, Na)°f| thet =] E4J2 ZAFSHATH Table
2). #AV|EE FENSY BRI 7S 485
TH(NIAST 2000). HFE ol Ali= MOLIT (2020)°flA] ZAF
S Agstalon, o8 EE AT 248 Aol A
Hstioh. 2+ EF Alm+= EA 20cm 27 (Auger) &
-8l of 1.0kg= A5 AAFER} 2T EF
Mg Ao A XA 3 2mm A2 A FRER 5

A5tk pHE ZF A= (Origon 520 pH meter; Orion



Research Inc,, USA) 2.2 SASIFoH, A7 A= A
SHo R St f71 82 Tywin, FEIAS
Lancaster] 2.2 H|A1A| (UV-1650PC- Shimadzu Co., Japan)
S R8BI A1 Fol22 1 M NH,0AcRE FE510]
PR G A| (AAnalyst 300; Perkin-Elmer, USA) 2
Bttt

273747 7] (The Korean Institute of Landscape Architect
2016)01]/\1 A Aot EoFo] sketd EA] Iy}l v ws}
H, i RSOl Z-8H= viEoiAl= ECE AlQlsta
W osha o] FHI Sk S RSSOl S8 HASSEE
pH 628 Z7AA7IENA Aot= g (pH 6.0~6.5)°l
Fotaem, 3718 26.5%, Z% 12.1 cmol* kg™, TF LY
2 10.1cmol” kg™ oA & Ad+50] H9je] sfigsto] A7
gt Zi=Fol] ekt Ao 2 ettt @ E (Subgrade Soil)
£ pH 6.62.2 FHF (pH 6.5~7.0)°l 3Fst1, ECE= A5
(BEC02ds m™ m[Eholglout 2] 712, fFadAt, A
2Hgol2 K, Ca, Mg ot39] ¥ ]oll S5ttt Han et al.
(2020)2 oPtE 274 2A7I3FE 5@ o3}, sid~101, 10
d oo = ERsto] st 54 2As=T, & o
Toll A AMEH AHEE s~10d0] AT oftES] EGF
S/ 22 9foll 2 .

F

rw Am
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7, A ?3%}, AE2 RDA(2012)4 dtehrle A+
ZAEZA7|ES A 2R SAslh A mEEA2
L5 24 ~sA] Aolof] 1m gololl A AlEE 2] Pt H,
Image ] 1.8.0 (Wayne Rasband, National Institutes of Health,
Bethesda, MD) =2 1312 o] 25}%c},

Hlo]El+= Bt (means) + EFQ 2} (SE) 2 HF7]0}3.0H,
FAEA-Z SAS 7.1 (SAS Institute Inc., Cary, NC, USA)=
ol-§aF AT AAAIRE 237} L5717 wE 27, 2]
T, B4, 95, 1EHZA 9] 2Fo]i= Two-way ANOVA: % 0]
&5to] ZA sk £43k0] 212 7% Duncan HAW

= °]85k Fo5= s%lA A5

nyY
=)

2

R TP

A2 23 5717 ] whE Am
5= A H kTt (Table 3, Fig. 1). 9 A4 2] 5hof A
AHde FAACE {3 2to]E UEFRITH (Table 3,

Table 3. Summary of ANOVA results for the growth (plant height, number of branches, leaf length, leaf width, and plant area) of Rosa

hybrid 'Barkarole’

Parameter Source af Mean square F-ratio p-value
Substrate type (S) 7 4893.26 20.56 <.0001

Plant height (cm) Month (M) 5 2202.69 9.26 <.0001
SXM 35 163.751 0.69 0.9078

Substrate type (S) 7 16.72 12.63 <.0001

No. of branches (ea) Month (M) 5 12.94 10.40 <.0001
SXM 35 1.27 1.02 0.4394

Substrate type (S) 7 63.40 13.54 <.0001

Leaf length (cm) Month (M) 5 68.57 14.64 <.0001
SXM 35 4.31 0.92 0.6003

Substrate type (S) 7 19.19 9.93 <.0001

Leaf width (cm) Month (M) 5 22.46 11.63 <.0001
SXM 35 2.29 1.19 0.2294

Substrate type (S) 7 39425834.10 36.25 <.0001

Plant area (cm?) Month (M) 5 6369570.40 5.86 <.0001
SXM 35 1649183.60 1.62 0.0382
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Fig. 1A). S95H 1097H4] 232
t}. Soil 2= 102.2+5.8 cmE ASo] 7PF L4519 0
(p<0.05) (Table 4), THETS Soil 8 76.1 +4.0cm=, 7H
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Fig. 1. Changes in the morphological characteristics (plant height,
number of branches, leaf length, leaf width, and plant area) of
Rosa hybrid ‘Barkarole’ in the different planting substrates. Soil 1
(@], Soil 2[O], Soil 3[V1, Soil 4[A], Soil 5 [M], Soil 6], Soil 7 [#],
and Soil 8[<].

32 to] TAE T Ao I £ Afol= ot
202 VEFITH(Table 3, Fig. 1B). Soil 22] EA|= 5.5+
0.670=2 717 WA (p<0.05) (Table 4). HETS] Soil 8
239404701921, Soil 6= 3.5+ 04702 7H W3kt
A2 69717 Aottt 99 o] ¥ & Fadhs Aoz U
EPSET (Fig. 1C). AAAEE) g G4 ztol= BAAL
2 ot Ao 2 YERETH(p <0.05) (Table 3). B7&0] 7}
2 71 2741 Soil 20714 10.9+ 1.0 cm@} Soil 5 10.8+ 1.0
em= AFo]7t glolem, 71 8Fo] A 2j o A= o7t Aol

I AATH(p <0.05) (Table 4). E3F 2] 2 017} 712 7
= XH%L Soil 4 7.1+0.8cm® UEFGTH =2 AA1%]
Hh 22t ASAl 71 off we} Fefet Aol7t Gl Ao w

BT (Table 3). B35 62714 **1*6}E‘r7} 9¥ o] g2
HasE Ao 2 YERTth(Fig. 1D). BZ-2 Soil 5 6.5+0.7
emOlA 71 AA] VR o™, U 2] AeE3 f-o)gh
2ol 5 YEFATH(p<0.05) (Table 4). “Hofl-8 A4E 10 cm,
HIEOfA] 10 ecm”2 7 F Soil 4= 42+0.5cm=z 7P &
2 A2 Herloh o EHA-2 Aol 57Tkl wek
Folgt 2ol 7t Sl A2 VERITH(p<0.05) (Table 3).
T E5HA4-L2 79712 2Pgoittrt 99 E 109712 74t
AT} (Fig. 1E). AAAEE 2 2] WAL Soil 271 4077.1 +
416.6cm* 2 7H W20 Soil 49014 T EH A o] 7H o

AT

rOIl

2. MIX|HHE 230 MR E/Y

A2 243 5717 e T o] BSEA] W
S}= A HQITH(Table §, Fig. 2). 242 AAARE 2 5
AHo =2 FOlgt Zfo]E UEFHTH(p<0.05) (Table 5, Fig.
2A). Soil § 27N 489+ 1.5cmE 20| 71 £451

Table 4. Effect of substrate type on the growth (plant height, number of branches, leaf length, leaf width, and plant area) of Rosa hybrid

‘Barkarole” six months after treatment

Substrate type Plant height (cm) No. of branches (ea) Leaf length (cm) Leaf width (cm) Plant area (cm?)
Soil 1 100.9478 ab* 48+0.3b 10.7+0.7 ab 6.3+0.4 ab 3784.3+529.1 a
Soil 2 102.2+58a 55+06a 109+10a 6.2+0.5ab 40771+£4166a
Soil 3 874+4.9cd 41x04c 9.8+0.8bc 5.7+0.7 bc 2649.9+2212b
Soil 4 712185 f 3.9+04cd 71x£08¢e 42+05d 1498.9+323.2 ¢
Soil 5 94.1+£4.7 bc 49+06b 10.8+1.0a 6.5+0.7a 3781+563.1 a
Soil 6 77+6.8 ef 35+04d 9.2+0.8dc 55+04¢c 3105.9£498.7 b
Soil 7 84.3+4.8de 3.9+0.3cd 8.5+0.7d 53x04c 1790.9+£334.8 ¢
Soil 8 76.1+4.0f 3.9+0.4 cd 9.3+0.8dc 5.9+0.4 abc 1670+221.3 ¢

*Mean separation within columns by Duncan’s multiple range test, p< 0.05. Different letters within a column indicate significant differences (p<0.05).
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Fig. 2. Changes in the morphological characteristics (plant height,
number of branches, leaf length, leaf width, and plant area) of
Hydrangea macrophylla ‘Nikko Blue' in the different planting sub-
strates. Soil 1[®], Soil 2[O], Soil 3[V], Soil 4 [Al, Soil 5 [M], Scil 6
(], Soil 7 [®], and Soil 8[<].

O™ Soil 12 38.7+2.3cm%E ZAo] 7HAF Ytk (Table 6).
0] EA] 4 Zpol= EHEH A A|Rte]| whet fojet Ao
2 YR TH(p < 0.05) (Table 5, Fig. 2B). ==8] &A= 8
ol 71 $-4=5+3Ath (Fig. 2B). A 2] TEZE Soil 22] £A]
7t 4908702 7 B3ko™, Soil 7914 3.7£0.57H =
247} 71 Wokth (Table 6). 99 A1 A]6e] A7) A}
ol BAALCE Folgt A2 UEHTH(p<0.05) (Table
5, Fig. 2C). G7go] 7F 71 A 2]7+= Soil 1°114] 7.7£0.4cm
Fom YE2TE 6.0+04cm= 71 Al YEPGTH(Table
6). AE-2 AAAEE 22}t ASA7]of whet o]k A}
o|17} Y= A 22 eI TH(Table S, Fig. 2D). HEH2 2>
Aot BL7|7e] wet §oIgt 2ol 7t Qe Ao R
EPSETH (p <0.05) (Table 5). TEHZA-2 8€712] 4ot}
7} 94 KE 109714] HASHATH (Fig. 2E). A2+ HA

Optimal substrate of shrubs for application of multi-layer planting

£ 50il 6°] 438.6+40.4cm’*E 7Y W20 Soil 7 198.7 +
28.3 e T} T &2 Soil 8 187.2+19.1 cm?0f|A] TEHZ]
o] 71 oktt.

T 0] BRI Aol2A At sd7HA]
FATES T, o= A 1 AS R 5
SA3ITt. Nam et al. (2017)°] W2 H S==-2 2FA4EH oA 6
ARE] §Y71A] LS 2 5] SotRsE vt B
stgor, 2 AFoA L Adtet Yok g
BT A A AEEE Soil 1, Soil 2, Soil S7F 7FE 423 A o

2 Uepgrt,

AT= HHUEY T SHA ofmtE 2Hof| thF

A7 Ae-S QI W= A AR Aot A
o825 SANZTH S A A Q] 5

I3t A7 e R, e AAAHE Algel & Bat ofde}

o|-gA= Al N AIMHIAE AT 4= St T 2177

Hofl et A7 2 I /ofl thet 4= 2000t Z5HE

B 138=]o] 2F2|9H(Sim and Lee 2001; Lee ef al. 2004), 2]

BRFIE AREFOR AL WSRE el 1

Agule) 27, BA1%, B, A, HEAAE AR5 2
FoJgt Apo] S YERTH (p < 0.05) (Table 3). 53] “
L AE 20m’Z2 TAAH Soil 2 ATt “EAH 3em, ¥
4 AE 20cm, BFEON4] 10em’®E T E Soil 52 EOF
Zgo] 95 A0 et ol2jeh Arte AT
(Oberndorfer et al. 2007; Jim and Tsang 2011; El Bachawati
et al. 2016; Cascone, 2019) 1|4 AJAISH Q15 Z|HF TE7 9]
N4 713 % SHEFEE 20eme R AT SUG
TS e SR 27, BAS, 9%, 95, NEEy
o AAAAR 18 Aol UeHT(p<005) (Table
5). A%0] 94 Soil 2 AL “Hell g AE 20’
2, Soil 62 “Yoll-8 A E 20 cm, HFEHA] 10em” 2 T/ =]
of SIgiet. gl B9} el ALE 10am, HFEIORA] 10
cm’ & T/H Soil 4914 A5o] WA Lreb Tt of2fet A
YH= Cascone (2019) 9] AollA AAIRE 10 em PIFHE] S
HEGS e Ad 9 2obR7F Aedsittal Hugh A3t

oF AA|sIe, S ARE §I5E ARAN Tl RAgt

J
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Table 5. Summary of ANOVA results for the growth (plant height, number of branches, leaf length, leaf width, and plant area) of Hydrangea

macrophylla ‘Nikko Blue'

Parameter Source df Mean square F-ratio p-value
Substrate type (S) 7 466.39 10.25 <.0001

Plant height (cm) Month (M) 5 2760 0.61 0.6950
SXM 35 794 0.17 1.0000

Substrate type (S) 7 5.18 2.87 0.0069

No. of branches (ea) Month (M) 5 5.33 2.95 0.0133
SXM 35 1.49 0.82 0.7501

Substrate type (S) 7 13.10 733 <.0001

Leaf length (cm) Month (M) 5 12.03 6.73 <.0001
SXM 35 1.45 0.81 0.7627

Substrate type (S) 7 14.75 1.33 0.2373

Leaf width (cm) Month (M) 5 943 0.85 0.5161
SXM 35 9.50 0.86 0.7018

Substrate type (S) 7 224280.57 2701 <.0001

Plant area (cm?) Month (M) 5 78622.83 9.47 <.0001
SXM 35 11131.75 1.34 0.1073

Table 6. Effect of substrate type on the growth (plant height, number of branches, leaf length, leaf width, and plant area) of Hydrangea macro-

phylla ‘Nikko Blue" six months after treatment

Substrate type Plant height (cm) No. of branches (ea) Leaf length (cm) Leaf width (cm) Plant area (cm?)
Soil 1 38.7+23¢€" 47+03a 77x04a 45+03a 336.3+28.7 bc
Soil 2 43.6%+2.1 bc 49+0.8a 72+05a 43+0.3a 3445+43.2Db
Soil 3 42.3+3.8cd 4.3+0.4 ab 72+04a 45+0.3a 254.7+28.9d
Soil 4 40.2+2.7 de 45+04a 6.5+0.7b 36+£05a 2849+42.0d
Soil 5 489%15a 48+0.6a 73+06a 47+06a 293.6+61.5 cd
Soil 6 473+22a 42+0.8ab 77x0.7 a 45x0.6a 438.6+404 a
Soil 7 46+4.0 ab 3.7+05b 6.4+06b 4.0+04a 198.7+283 e
Soil 8 39.8+2.6de 4.3+0.5ab 6.0+04b 58+23a 1872+19.1e

*Mean separation within columns by Duncan's multiple range test, p<0.05. Different letters within a column indicate significant differences (p< 0.05).
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