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LY Xpdst= SR X HMEE SEIIALLR (llex cornuta)?)
20]| st xi2H 2B (Apis cerana)zt 228 (Apis mellifera)?] A$ = H|d

Comparison of Preference of Native Honey Bee (Apis cerana,
Fabricius, 1793) and Western Honey Bee (Apis mellifera, Linnaeus,
1758) on Flowers of Red List Species, Horned Holly (/lex cornuta,
Lindl. & Paxton), in South Korea

Sunho Kwon'?, Hyenjeong Jang', Hoonbok Yi3# and Chuleui Jung'3*

'Department of Plant Medicals, Andong National University, Andong 34729, Republic of Korea

ZDepartment of Beekeeping, Faculty of Zoology, Tashkent State Agrarian University, Tashkent, Uzbekistan
SAgricultural Science and Technology Institute, Andong National University, Andong 36729, Republic of Korea
“Institute of Korea Ecological Technology, Seoul 10474, Republic of Korea

m Bees rely on color and scents to locate blooming flowers. Flowering plants actively emit
volatile organic compounds (VOCs) and eliciting behavioral responses in bees. Horned holly (/lex
cornuta) is evergreen shrub attracting pollinators with its dioecy flower blooming from April to
May. Based on the observation that the horned holly blossom was more visited by Apis cerana
and apple blossom nearby was more visited by A. mellifera. We hypothesized that the native
honey bee is more closely associated with the native horned holly flower than the alien species
of honeybee. Laboratory assessment evaluated the preference of each pollinator (A. cerana
and A. mellifera to horned holly and apple using Y-Tube Olfactometer in choice and no-choice
tests. Subsequently, VOCs from /. cornuta flower were analyzed using GC-MS. In no-choice
Y-Tube tests, both A. cerana and A. mellifera exhibited a stronger preference for the horned
holly compared to the control. In choice test, A. mellifera did not show different preference,
but A. cerana showed significant preference to the horned holly over apple. Analysis of VOCs of
I. cornuta revealed that 1,4-Dimethoxybenzene, 3-Methylpentanol, (Z)-3-Hexenol, Methyl
Alcohol and (E])-2-Hexenal were the major components. As the horned holly has limited
distribution and is register in the red list, pollination by A. cerana can be important component
for the conservation program.

Choice, No-choice, Apple, Conservation, Pollination

A = ceae) HHUTE (llex)oll ot H4E5EH AnE02 9
gjubel Aepd et MepbRE sfiQbrtet AlFre] Agh4]
SHIAYR (llex cornuta)y~ TEUFF (Aquifolia- o7 AR 7F Bt Utk (Son et al., 2007). 7}
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AUFe] 22 45l dELTR FAYSHH, o]
Hi71 2ol s~6719] o] AP o= Il A Al
(Umbel) 9] FEIE 7HIh 322 3¢ 25 & 7mm=
ShePAlE Wt QY SRV AR AR
Z B

A=
= I A4} (Least Concern, LC)Ol SA1E o] 1.0 ™ (34
H AHAEALT), & BES T sHEmAe] 9
of mj-¢- F a3}t

stRufHAE A 2] 75%5 EFe M AlA A
5t 229 80% °1de] M4 F=th(Klein er al., 2007;
Potts et al., 2016). 1% EHATS] H (Hymenoptera,
Apoidea)> 7P S8 shiujZit= It ol
2 A AAHCR <F 20,000F°] & HEZ theFio]
=T Michener, 2007). 57 do4 29 &2 19 2
ARt @ el wiepy] 2710 A& AR ESeH, o]
T AEo] EEOIU Z7HE § I5olA HolA =
AFstl L5 27HRE AT A2 MAe 5
A4S BAR oo th(Engel, 2000; Poinar and Danforth,
2006; Bascompte, 2019).

ShEmiZfat & 55 22 £o S (I, A B
&, 2 R 7Ie 2] Aot B EEY 27EE) AF
ol9] APS eh5otal ol At or AMESte] i
3} &2 A&E& Z=ThH(Whitney er al., 2009; Clarke et
al.,2013; Muth et al., 2016). o]2|gt £ A15.0] Jh& &
882 SHEAN A" wtet tEn, AA7EA] S
i AEeh A, R, 2718 Este] SRS
oot Aol dish Az TAo wEgtoH
(Raguso, 2008), o] 2|3t 542 AlE-3t2mj 7|2t ozt
| U EYAA A2 siee] 7]ofsh= Aoz deA 9l

(International Union for Conservation of Nature)oﬂ

Z o
s

Al stgstal 719fsh7] wlwoll ol 5 AEshe
o] FQo}A 2F-8-5HH (Wright and Schiestl, 2009), &
A %% 48] 9IS 2= 5 Azt N} Al
e &7 419= Faot 2§23ttt (Raguso and Willis,
2002; Raguso et al., 2003). Al=°] B&st= 3H4d 24
o AE7} FE Afole] e fAF-S s B A
A5t ATLE oLttt (Fraenkel, 1959). & I&= A&
g #7192 (VOCs)S WEst EH s
ol°l He Aoz F <=A lom (Williams,
nudsen et al., 2006), 27| = 41 7} 9] t}oFstal
Sy BEXF2 FLA H o} (Bisrat and Jung, 2022).

[e]
N

a fo

A

A& vOCs= &Y, F 9, WuE" (Stingless bee)
AN HAE QAR Atolo] Fozlg, o ke B A
ol FFe mA= Aoz I#A St (Ribbands,
1954; Lindauer and Kerr, 1960; Johnson, 1967; Free, 1969;
Koltermann, 1969; Wenner et al., 1969; Getz and Smith,
1987; Jakobsen et al., 1995; Dornhaus and Chittka, 1999;
Reinhard et al., 2004; Arenas et al., 2007; Diaz et al., 2007,
Arenas et al., 2008; Molet et al., 2009). Zt 8 2= A2

OhE AEe] 22V 27IFE 4HlshH Az oE 37
€ P55l £ S/e] & 7] wdo] s ot

(Cardé et al., 1995). A1 =-StEmj 7§} S 2ol 4] &}
2 SJAta-gol s e o 23719 VOCsE ©lsh
Stal AlHsh= A} sHE o] 42282 oSk
Sh= d vi-¢- S8t "olE7t 2 4 Ut (Dekebo ef al.,
2022).

H Ao A= SH7TA W (I. cornuta)St AHEHEE
(Malus domestica) 220l AeHE (Apis cerana)?t &=

H (Apis mellifera)©] AB|H o2 WEst= 7S Tt

=
o
A

etk g B R4S AAlstel TR
WASHE G71B AT A 229 @] B2

ol B2 ST el A

A

9

[e]

A} 1.4-Dimethoxybenzene, 3-Methylpentanol, (Z)-3-
Hexenol, Methyl Alcohol, (E)-2-Hexenal ?F 22 7|52
ol 4o TS & 7 U= Ao=m ZAEUT &
AZE 7] 2 gt FAA ] 24} o]Llof e &
THAIHR 2] AZHA e A ALxof gt F714<l
T-& 5ol AefEdy} ST VR gt A
Yot gk,

-
il

E o2 o o

il
O
=

Mz o YH
1. 48 2o 9 48 WE M
AR ofe] SHEMIATZFA AL, Y AT 018 A
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W SF7MAVGE Z9o] A3k AY, SH7IAUR £ AAA] B 52 E0 7 (35°52/29"N, 126°59'
F7 A4S X8sEeler, 2023 4 €7 1 2023 587} 08"E) °ll AY+2 A= o] Q= SF7HAIUFF Aol
2] FYE AT Y A AT T EAof] AMSH STt AAA = AR A SR/ EFA A 55
AU9] 22 HdetEE AAA] S H SAEd 2 7 Sttt 7+ Wk Al 124 Zof BEote 252 S¢te =z
d AR AE R S AR5t AHESHA ZAfste] 7| =519 e, o] & U 38] HHESHITH
oh ARG O] 2 272 A Y A Aol AR5
o ANEL StFA] AQtH fIX|et dt=of| A A 3. YA M e A
sttt Ao Ao AMgE Ed2 AHEE 2 o

- °Er ° - - . - oj Y A AY FR]e] 7 oflo]H I (Power Air Pump
EHZ AAEL A $1F sty F& A ]

o = SH-A3, China)E °]-85f 125 mL/min®| £&EE5 251

FH 7 (36°32/38"N, 128°48'03"E)O| A AFS Z<1 H 7o

318 o 23 FRAE oAMAA FAZ 1

A A4YEL ot BE 25L ol8stol AUk

o|s 1= = ko W
‘—4'. ]—(')_ H (Z] 9cm, ] 8 Cm)oﬂ =4 20U]— Table 1. Comparison of flower traits of Horned holly (1. cornuta)
a% s ;]g }o g :r%-)]g]_oq o 33°C, E‘E 65%7]' _n_x] and apple (M. domestica)
&= G279 QIFH| ol B ol A ARSSH o s A 147 llex cornuta Malus domestica
A7k WA 2 gl g LESy
H T3 &2 (50% wiwy= 1.5 mL 7]434] Flowering period April~May April~May
= =] le) =) O =]
5 &2 Alsoto] Absskdnt Inflorescence Umbel Umbel
Corolla Rosaceae Rosaceae
-
2, StEO7H 2 S A ZAL Flower Color Yellow White
Size (diameter) 0.7cm 4~5cm

2023 4€ 12 2 9AJof|A] 124] Afelo] HetE

Fig. 1. A: blossom of apple (M. domestica), B: introduced honey bee (A. mellifera) visiting apple flower, C: Horned holly (/. cornuta) flow-
er, D: native honey bee (A. cerana) visiting Horned holly flower.
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125ml/min

Power Air Pump SH-A3,
China

Charcoal
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Chamber Bee

Fig. 2. Schematic design of Y-tube olfactometer used to determine the honey bee preference to the flower odor sources.
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Table 2. The averaged numbers (+ SD) of pollinators counted
from the Horned holly (I. cornuta and Apple (M. domestica) for 1
min observation with 3 replications conducted on April 12 2023

Number of choices

I.cornuta M. domestica  t value P value
A. mellifera 0 169+5.7 1.73 0.004
A. cerana 413+1.8 02+0.1 22.6 <0.0001
Dipteran 4.0x0.6 1.6£0.7 1.70 0.11
Syrphidae 1.3+£09 2710 0.66 0.52
Wild bees 0303 23%x12 -0.84 041
Other 0303 2107 -1.34 0.21
Apis cerana
kk%k
80 1
70
g NN
2 50 \\
G 40 §
% s \
=]
Z 20 \
10
LN
llex cornuta Control

2 w5 mAelo] 18] SR 28 Aseige
o, SAASRE Fou|stATH(A. cerana: X2=10.714,
p=0.001 A. mellifera: X*=11.046, p=0.0008) (Fig. 3).
et FeEdol v 7S 7Hls ©
F7HAO] 2 AR RS]  F ojH o T AT
Sh=2] motstr] il Aaget Az AdoA= A
B AT 9] A AR Hs| SFTIAIURE
H Adoshs dde How, A4z {FoJu|gt 2t
o7} AATHA. cerana: X*=5.7619, p=0.0164). ==
wo) 54 A9 TIPILRe AT Afole] B
AA Zpol= YRR QEXTHA. mellifera: X*=0.28736,

SRR &7 B4 AT} 235 248 3150f 4

Apis mellifera

KKK

80 I ]
70
60 ]
50 \
40 \
10

" W

lex cornuta Control

Fig. 3. Preference of the horned holly flowers (I. cornuta) in no-choice test by two species of honey bees, A. cerana and A. mellifera. Both
species showed statistically significant difference (A. cerana: X>*=10.714, p=0.0001; A. mellifera: X*=11.043, p=0.0008). The error bar

indicates standard deviation.

Apis cerana

80
*

70

60

50

40

30

Number of choices

=

20

Number of choices

llex comuta Malus domestica

Apis mellifera

80
70
60 NS
50 [ ]
40 Tﬁ !
30 \
20 \
10 \

S\

llex comuta Malus domestica

Fig. 4. Preferences on horned holly flowers (I. cornuta) and apple flowers (M. domestica) in the choice test by A. cerana (X*=5.7619,

p=0.016) and A. mellifera (X*=0.28736, p=0.5919).
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Table 3. Percentage peak area of the volatile organic compounds
identified by GC-MS of Ilex cornuta flowers

Peak# RT (min) Volatile compound p:;lfl;g;t(%)
1 8.3977 Methyl acetate 1.05+0.7
3 10.1974 Methyl Alcohol 7.10£2.49
4 11.2818 Ethanol 1.36+0.75
5 12.6199 Methyl propyl ketone 3.80%£3.32
7 15.8272 Hexaldehyde 335+5.11

12 17.6038 (Z)-3-Hexenal 0.55+0.95
15 19.1611 Methyl pentyl ketone 1.18+1.03
16 19.8534 Isoamyl alcohol 355+227
17 20.2801 (E)-2-Hexenal 6.52+10.3
21 21.2609 Ethenyl benzene 497+431
27 22.9683 Methyl heptenone 0.64+0.21
28 23.5451 Hexyl alcohol 399+691
29 239143 3-Methylpentanol 10.62+9.29
30 24.768 (Z)-3-Hexenol 9.72+8.22
31 24 .8255 (E)-3-Hexenol 3.54+6.13
32 248141 Methyl heptyl ketone 0.61+1.05
33 24.9987 (Z)-2-Hexenol 1.79+2.00
34 25.241 Cyclohexyl alcohol 1.58+1.37
37 259216 Matsutake alcohol 298+0.33
40 26.3829 Methyl heptenol 1+£0.26
54 30.04 (Z)-3-Nonen-1-ol 0.75+0.15
57 31.1823 1 4-Dimethoxybenzene 13.38+2.21
58 31413 Naphthalene 1.35+041
63 32.6934 2-Methoxyphenol 141+1.37
65 33.2473 Phenylethyl alcohol 247+1.14
66 34.1701 Phenol 333+291

7V =2 27t dEE9leH, 7059 3 240]

< Appendix 1°] AASHAL, T1F

0.5% °1’g FHRI=7t &2 3F3Had-2 Table 30 A4

5 1,4-Dimethoxybenzene, 3-Methylpentanol,

(Z)-3-Hexenol, Methyl Alcohol, (E)-2-Hexenal©] -2 H]
S 1% 2 TH(Fig. 5, Table 3).
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ofj
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>,
o
o,
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Jot= F71E T £9 9
SHoH (Whitney ef al., 2009;
Dekebo et al., 2022). = A7 HAH A A A2
EHI} B2 AP Ho) A2l ST
“9} Atto] & *d‘%}o% %0 g Johe WEa Ho

Atk BFA Az Aol A, S7HA e} AR
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Fig. 5. GC-MS profiles of the volatile organic compounds identified from the flower of llex cornuta.

9] 50.1%5 AFAISFATE. E3F, M. sylvestris®ll A= benzyl
alcohol, a-cedrene, 4-pyrrolidinopyridine®©] A T2l
46 3%2 T-/35+9.2 ™, M. Hillieri’ ©1 41+ benzyl alcohol
I} g-cedrene®] A &Fe] 51.7%F AHA| il B ils}
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et al., 1995; Bisrat and Jung, 2022; Dekebo et al., 2022).
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Appendix 1. Relative percentage of volatile organic components from the flowers of Ilex cornuta using GC-MS

Peak#  RT(min) Volatile compound p:f;g;’@) Peak#  RT(min) Volatile compound p:;kal;/r:;’t(%
1 8.3977 Methyl acetate 1.05+0.7 36 25.5523 (E)-2-Octenal 0.02+£0.04
2 9.6205 Methacrylic aldehyde 0.30+0.52 37 259216 Matsutake alcohol 298+0.33
3 10.1974 Methyl Alcohol 7.10+2.49 38 26.1754 Heptyl formate 0.14+£0.24
4 11.2818 Ethanol 1.36+0.75 39 26.3254 Heptyl alcohol 0.33+0.29
5 12.6199 Methyl propyl ketone 3.80+3.32 40 26.3829 Methyl heptenol 1+£0.26
6 14.6734 Phenethyl alcohol 0.02+0.04 41 26.4638 (E)-Furan linalool oxide 041x0.36
7 15.8272 Hexaldehyde 335+5.11 42 26.8905 Methyl nonanoate 0.15+.08
8 16.3462 Isobutyl alcohol 0.22+0.20 43 27.1099 (E,E)-2 4-Heptadienal 0.04£0.08
9 16.4732 (+)-3-Carene 0.01+0.02 44 27.2945 2-Nonanol 0.01£0.02

10 16.6578 [-Pinene 0.03+0.06 45 27.606 Benzaldehyde 0.39+0.53
11 17.1999 2-Pentyl alcohol 0.18+0.16 46 27.9405 Linalyl alcohol 0.17%0.16
12 17.6038 (Z)-3-Hexenal 0.55+0.95 47 28.0443 Linalyl acetate 0.12+0.20
13 18.4344 1-Penten-3-ol 0.07+0.07 48 28.0905 Octyl alcohol 0.14+0.25
14 19.1151 Methyl hexanoate 0.34+0.58 49 28.2751 2,3-Dihydroxybutane 0221023
15 19.1611 Methyl pentyl ketone 1.18+1.03 50 28.6441 4-Methylphenethyl alcohol 0.06%0.10
16 19.8534 Isoamyl alcohol 3.55+2.27 51 29.6248 Benzeneacetaldehyde 031+£0.54
17 20.2801 (E)-2-Hexenal 6.52+10.3 52 29.8786 [-Bisabolene 0.21%£0.37
18 20.2803  2-Pentylfuran 0.37£0.32 53 29.994 (Z)-p-Farnesene 0.11£0.09
19 205916  Pentyl alcohol 0.04+0.07 54 30.04 (Z)-3-Nonen-1-ol 0.75+0.15
20 21.1107  Methyl (E)-3-hexenoate 0.20+0.35 55 30.2824  (E.E)-2.4-Nonadienal 0.03£0.06
21 21.2609 Ethenylbenzene 4.97+431 56 30.8822 v-Heptylbutyrolactone 0.0710.07
22 21.4222 Hexyl acetate 0.34+0.34 57 31.1823 1 4-Dimethoxybenzene 13.38+2.21
23 21.7568 Methyl heptanoate 0.02+£0.04 58 31413 Naphthalene 1.35+0.41
24 22.0915  Methyl hexyl ketone 0.92+0.81 59 318168  3-Carene 0.1+0.1
25 22.1836 Methyl (E)-2-hexenoate 0.22+0.38 60 31.8512 6-Elemene 0.01%0.02
26 222415 2-Heptyl alcohol 0.24+042 61 324513 [3-7,8-Dihydroionone 0.02+£0.03
27 22.9683 Methyl heptenone 0.64+021 62 32.509 (E)-Geranylacetone 0.05+0.04
28 23.5451 Hexyl alcohol 399+691 63 32.6934 2-Methoxyphenol 141+£1.37
29 239143 3-Methylpentanol 10.62+9.29 64 32.8549 Benzyl alcohol 049+043
30 24.768 (Z)-3-Hexenol 9.72+8.22 65 33.2473 Phenylethyl alcohol 247+1.14
31 24.8255 (E)-3-Hexenol 3.54%6.13 66 34.1701 Phenol 3332091
32 248141 Methyl heptyl ketone 0.61+1.05 67 36.1199 4-Ethylphenol 0.02+0.03
33 24.9987 (Z)-2-Hexenol 1.79+2.00 68 36.5812 Methyl hexadecanoate 0.01+£0.02
34 25241 Cyclohexyl alcohol 1.58+1.37 69 37.0774 2-Aminoacetophenone 0.02+0.03
35 25.3794 B-Octyl alcohol 0.20+0.17 70 37.2966 Methyl 2-aminobenzoate 0.02+0.03
60 http://journal.bee.or.kr/



SEIIALIR 2oj| tiet & 5 EEL

o

Moy Hjw

Appendix 2. Volatile compounds identified from the flowers of four Malus taxa using SPME-GC-MS. Data extracted from Fan et al. (2018)

Relative content/%

Peak RT Compound Name
MB My Ms MH
Aliphathics
1 93 Methylheptenone 225+0.18 - - 1.00+0.26
2 9.69 Butyl butanoate - 0.39+£0.08 -
3 10.12 (Z)-3-Hexenyl acetate - - 0.48+0.10 -
4 11 (E)-2-Decenal - 0.56+0.07 - -
5 17.81 (Z)-3-Hexenyl Butyrate 0.97+0.18 - 1.17+0.17 -
6 18.41 Dodecane 046+0.10 1.18+0.19 048+0.16 0.60+0.10
7 19.81 (Z)-3-Hexenyl-o-methylbutyrate 04+0.11 - 1.04+0.20 0.54+0.06
8 22.29 1-Methylnaphthalene 0.86+0.09
9 22.82 Tridecane - 041+0.08 - 0.52+0.02
10 25.86 Texanol 0.94+0.17 - 041+0.08 0.69+0.10
11 26.24 (Z)-3-hexenyl hexanoate 0.88+0.13 - - -
12 30.92 2-Tridecanone 337+0.96 - - -
13 37.88 2-Pentadecanone 1.06+0.26 - - -
14 4121 Methyl hexadecanoate 0.22+0.06 - - -
Benzenoids
15 6.09 Styrene - 1.75+0.11 333106 1.65+0.04
16 8.35 Benzaldehyde - 1.15+0.18 - -
17 10.55 4-Methylanisole 2.18+0.53 - - -
18 11.14 Benzyl alcohol - 1045+0.35 13.52+145 32.57+0.79
19 13.68 Methyl benzoate 051+0.24 - - -
20 14.48 2-Phenylethanol 0.54+0.10 - - -
21 15.59 Benzyl nitrile 1.87+£0.33 0.36+0.06 - -
22 16.78 Benzyl acetate - - 1.88+0.43 -
23 22.62 (2-Nitroethyl)benzene 0.89+0.08 - - -
24 2295 Cinnamy! alcohol - - - 0.97+0.18
25 25.56 4-Methoxyphenethyl alcohol 3.35+0.20 - -
26 31.29 Cuparene - - - 048=+0.11
27 31.62 2,6-di-tert-butyl-4-methylphenol - - 0.53+0.15 1.17+0.15
28 39.11 Benzyl benzoate - 0.3+0.05 - -
Monoterpenes
29 5.16 leaf alcohol 1.25%+0.19 1.86+0.08 0.68+0.15
30 7.46 a-Pinene - - 222+0.67 1.23+0.11
31 10.19 a-Ocimene - - 0.76+0.10 -
32 10.96 Limonene - - 044+0.14 -
33 11.81 (E)-a-Ocimene - 048+0.05 - -
34 13.94 Linalool 231032 19.94+0.98 3.04+0.64 1.49+0.10
35 19.38 Limonene oxide - 0.25+£0.08 - -
36 22.15 Bornyl acetate - - 0.38+0.11 -
Sequiterpenes
37 26.71 [-Elemen - - 3.26%0.06 2.73+043
38 2749 a-Cedrene 1.76+£0.13 0.68+0.07 19.51£0.65 19.13+0.7
39 27.82 [-Cedrene 0.69+0.10 0.34+0.06 7.99%0.65 6.61+0.52
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Appendix 2. Continued
Relative content/%
Peak RT Compound Name
MB My Ms MH

40 28.26 (Z)-Thujopsene - - 1.52+0.15 1.37+£0.28
41 29.75 (+)-a-Longipinene - - 047+0.12 044+0.17
42 30.16 ¢-Muurolene - - 0.55+0.14 0.88+0.10
43 30.32 a-Muurolene - - 0.41%£0.10 0.87+£0.20
44 3041 Curcumene - - - 0.31%£0.10
45 30.53 [-Selinene - - 047+0.12 0.69+0.11
46 309 v-Gurjunene - 043+0.14 0.59+0.07
47 3147 a-Farnesene - 0.25+0.08 0.60+0.08 1.19+0.13
48 32.05 d-Cadinene - - 0.52+0.13 0.79+0.13
49 35 Cedrol - - 1.68+0.32 424+0.10

Irregular terpenes
50 3.09 Methyl isobutyl ketone - 0.73+0.13 - -
51 14.75 (E)-4,8-dimethyl-1,3,7-nonatriene - 0.37+0.08 - 1.00x0.16
52 28.15 a-Ionone 1.30+0.31 - - -
53 28.44 Geranylacetone 2431+0.52 0.36+0.08 0.38+0.08 0.31+£0.03
54 30.53 trans-4-lonone 0.38+0.11 - - -

N-containing compounds
55 55 N-Benzylaniline 0.78+0.16 - - -
56 2241 Indole - 1.15+0.19 - -
57 27.08 4-Pyrrolidinopyridine 5511054 426104 13.19+0.49 261043
58 272 5-methyl-1,3-dihydro-2H- 23.76+137 1641405 - -

benzimidazol-2-one

S-containing compounds
59 40.47 Cocarboxylase 0.27+£0.07 0.44+0.02 0.16+0.06 0.22+0.10
60 40.72 L-Methionine 044+0.14 - - -

*Apple varieties of MB: Malus ‘Brandywine’, Mv: M. ‘Vans Eseltine’, Ms: M. sylvestris, MH: M. ‘Hillieri’
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