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Abstract: Robinia pseudoacacia is recognized as a major honey tree in Korea; however, there are virtually no
studies that have quantitatively evaluated its honey production value. Therefore, this study investigated the growth,
flowering, and nectar characteristics of R. pseudoacacia to estimate its potential honey production value and evaluate
its ecological and industrial usefulness. After selecting study plots in three regions, growth characteristics such as
height, root collar diameter, crown width, and number of flowers per tree were analyzed to estimate the number of
flowers per unit area. Nectar volume and sugar and amino acid contents were also analyzed. Nectar volume per flower
ranged from 1.5 to 3.0 pL/flower, and the sugar content per flower ranged from 1.5 to 1.8 mg/flower. Potential honey
production value was estimated at 22.6-37.6 kg/ha. Moreover, floral nectar was found to be sucrose-dominant, with
>60.0% sucrose content, and contained 20 amino acids, suggesting that it can adequately support the nutritional
requirements of pollinators, including honeybees. This study is significant as the first investigation to quantitatively
evaluate the honey-producing value of R. pseudoacacia in Korea, and the results can be used as basic data for
establishing strategies to produce honey plant complexes and protect pollinators.
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A1 53} SFEO 7iR}F 71H9] A} S 2-2(plant-pollinator inter-
actions)> OFZ& W9 Ao F4=A o]l Ollerton et al.,
2011; Garibaldi et al., 2020). SHEuf7|=}o]| 2]3) o]F0]X]
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Aro| H1%|al °“;E1](Rhodes 2018; Lopez-Uribe et al.,
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(Goulson et al., 2015).
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%l 3} (floral nectar) & FQ Ho|xPo R o]g3toz 1

ANEL SR I WAe] BpEel 8ol
wH(Isbell et al.,, 2017; Sutter et al., 2017), FFstzx o g
% A7l FA 0 e ShEuARte] A wd, ¢
AAAE FAA 71t Alaux et al., 2010; Sirohi et al.,
2015). whebA] SHEMZIA R s 93t dHA =9 A%
o 55 vo] Y W B0 g Hx} 27Ew)
(Jachuta et al., 2018), 7I3}7| 7L, 7Nk, shd Q] oFaf 14
T LYAEof digt AErz el JE7F @ FLEItHAyers and
Rehan, 2021; Tew et al., 2021).

A7 o] et AR = A&7Fs3 2 ReE 9I%t
U 2AAAAE 243} starx} sh= FA Y A=A
T&o] & 4 Qlti(Baldock, 2020; Braman and Griffin,
2022). E3), BRAEE SR Holgg A4
29l Zmlol 4 E&H 0|3, AY|H0R 7|

= o] i Donkersley, 2019; Bozek et al.,
2023), o= HEAEC] 2EAFEHT 427} whil(Baude
et al., 2016; Daniels et al., 2020), 2t} %27} 9J= Uy}
Z7IFE AlEddrhs A #¥o] Uth(Vaudo et al,
2015; Filipiak, 2019).

Ftoll= vedRt =59 sHEmzARe] Holggolu o
BAHE Aol Flofal HAE Blel] Sla) A B4,
Nelg, o 545 SHH e st 29 T T
WA B ANTE 2Hel A7) Pl ololA
Q1th(Adgaba, 2017; Cavalcante et al., 2018; Broyles and
Stoj, 2019; Bareke et al., 2021). o}7FA Y-SR, pseudoaca-
ciays S HAE AAFE] 0% AsHs Fo U
o] A WHLee et al., 2004), YU7}X] F7} A= 54 A
ool g = AL Han et al., 2009), & {317 AT
7] A v|al dG-(Jung et al., 2017; Lee et al., 2019)
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H, S AR el 2|4 7he3e A5k (Han et al,
2009), shEvi7iAF 2o Bl A Hof 7]ofe 4= Q=
Nz ARE AT AL BHoR

wol shu EAT AAH B A BAS B 2Us
2/ 9 715 gl w2 dAlE e A o] &
£{(Adgaba et al., 2017; Baldock, 2020; Daniels et al., 2020)

o e AR HolHE AlAIstaLAL jit.

Ao A 9 shd A4S S48 Qi A= i
2 OV RS ERIstglon, AR o]5ds A
AR Q= 3 AG(EE, 2, AY)ollA AA| 3529
AbES oL, o] AL REstEE AAskelct
(Table 1). A7] 4= 2 A(37°16'3"N, 126°56'49"E)ol| 4] A
A 8EE 11 34~93 m, Y7 4.5~14.8 cm, +HEZ
23~6.8 m WY g o, Be 29(36°1921"N, 126°38'18"E)
ZARE 9B 4211 2.9~83 m, ¥ 4.0~19.3 cm, ~HE
22~72 m WYk Y 2] 2(38°14'39"N, 127°27'53"E)<
18 2o ZAME-S HAstgon, =11 52~13.0 m, =LA
7.0~33.0 cm, $=E 2.9~7.0 m Wo|ch

A ST AskF 7HkeE 29 9 o] HAY & A
S 54517] S8l 3hA &, 3N & 5 0|85}
F NSl AFESHY tH(Jachuta et al., 2019). E 1A
= ApzAlsialon, ShAe & = ARSI 7} 20
1¢] 35 AfFste] AT 4, 2 D 2 A
o] shAt E4= 2H7F 23770, 23270 E 25182 A

x p

P Y

= d 7,898-71,3057, 3 x| <o]
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Table 1. Height, root collar diameter, and crown diameter and flower abundant per tree of R. pseudoacacia in three regions.

. Root collar Crown No. of flower No. of flower
. . Height . . .
Region Location (m) diameter diameter per inflor. per tree
(cm) (m) (ea)’ (ea)

Suwon 37°16'3.2"N 5.7 4.1 23.7+0.7 32,322
126°56'49"E (3.4-9.3) (4.5-14.8) (2.3-6.8) (19.2-28.6) (7,898-71,305)

Borveon 36°19'21.7"N 4.6 3.7 23.2+0.8 19,534
Yy 126°38'18"E (2.9-8.3) (4.0-19.3) (2.2-7.2) (16.5-28.0) (6,076-67,495)

Cheorwon 38°14'39.0"N 8.0 5.5 25.1£0.8 45,994
127°27'53"E (5.2-13.0) (7.0-33.0) (2.9-7.6) (18.0-29.7) (19,258-99,158)

" The number of flowers per inflorescence was determined by sampling 20 inflorescences from each of the study trees.

The number in parentheses indicates a range.
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of] 4=3)3} 9 th(Broyles and Stoj, 2019). £t 3007)(XFt
HE 30708 =S AR sk Y4EE 7] (Microfuge 16,
Beckman Coulter, USA)E ©]-83}4] 4,000 rpm o2 45
9 Y $FHSFHtH(Swanson and Shuel, 1950;
Armstrong and Paton, 1990). =3 % 3hd-2 50-100 uL
microliter syringe (Hamilton Co., Reno, NV, USA)E A&
sto] apelelon], shul ) ulEel ojg o Balg o
A517] S1al 80% oekS(vh) e Shaekel 10812 B3
CHPower et al., 2018). B}X|9F O 2 (.45 puM pore centrifuge
filterS ©]-&sto] A5t st & ol&dS AASAL
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= A5t} o] EALO Bl 33} ZEA
= ARSI, 9452 0.5 m/min, 5= 80°CE AA 35}
Aot ElFe FEE S Z = sucrose, glucose, fructose
(Sigma Aldrich, USA)E AME3}9 o1, Aminex 87P
column (Bio-rad, USA)S A}g3}o] Ri-101
(Shodex, Japan)2 S-2|g2 A& z2F gE=Z 4]
By o A4S o]-83) S/H ratio(sucrose/glucose+Hructose)
@} G/F ratio(glucose/fructose)E A3} th(Nicolson and
Thornburg, 2007).
ofu] 1= AR HPLC (1200 series, Agilent Technologies,
USA)E o]&sto] 2AI513Ith o5/ 10 mM Na,HPO,,
10 mM NayB40; - 10H,07} 323+ A§N(pH 8.2)1}
Water: Acetonitrile:MethanolS 10:45:45 H]- &2 &35 B
FHE 7] 100% ] 0%(viv)oA] 26-2850] 55% Tff 45%
B2, 28~30.559°] 0% o] 100% H]&=, 30.585E =
100% of 0% H]S=2 v =4S A%
mL/minof| A} FUFFL 0.5 pl, column &F=+= 40°CE2 474
3}37 Inno column C18 (Innopiatech, Korea)2 ARE-3}3iTh
2po)A AE7)= 338 nmE SR, FY AE7)S o8
310§ O-phthalaldehyd(OPA) - A|%= 9k 8 450 nm, ©37]
3}4} 340 nm, Fluorenylmethyl chloroformate (FMOC) 5=
A= W= 1 305 nm, ©7] 37 266 nmoj|A] 41513
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Aol 71X el IMP 18.1.1 software (SAS Institute, Cary,
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Significant Difference)2 4385} oW, {242 0.05
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Figure 1. Regression analysis between factors of growth and flowering characteristics (n=35).
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Figure 2. Comparison of nectar volume (A), free sugar content (B) and nectar sugar content (C) in R. pseudoacacia across three
regions (p < 0.001, ***; p < 0.01, **; p < 0.05, *; ns, non-significant).

ng/uLE 7P WA UEbith AR s dY Ao o
AEFE T TS v A 2E Ao} 2447
SOl zpo] 7t QA AN H(p < 0.05), $Lu} B %]

O o
mg/flower& 2 7} =ko o,

Z¥7} 1.6+0.2 mg/flower?} 1.5+0.6 mg/flower O = L}EFGE

ou], A A7 FAH FOIRHE et esteh At
Moz s wuFr B9ISFY felg S ez
#ol7} Qhgelw ol FHHOE Mels) AEI T sht
G felg FHE A9 Aolzt Gl
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sha ) e 74
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Figure 3. Comparison of free sugar composition, S/H Ratio and G/F ratio of R. pseudoacacia.
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Figure 4. Amino acid content (A) and composition (B) in floral nectar of R. pseudoacacia. Explanations: Arg-Arginine, His-Histidine,

Iso-Isoleucine, Leu-Leucine, Lys-Lysine, Phe-Phenylalanine,

Thr-Threonine, Try-Tryptophane, Met-Methionine, Val-Valine,

Asa-Aspartic acid, Glua-Glutamic acid, Asp-Asparagine, Ser-Serine, Glu-Glutamine, Gly-Glycine, Ala-Alanine, Tyr-Tyrosine,

Pro-Proline.

(fructose), “12]37 10% W ]9 E=Y(glucose) o2 FA
¥ Ao Ve TthFigure 3). A HE AW EY,
Ao g 61.6+4.7%, T=G 10.1£1.1%, TG
283+4.1%= FAEO] 9ow, HIy do g
61.0+4.5%, L= 12.1£3.3%, TFg 26.9+3.4%= LJERY
th " XYL AFo] 69.0£1.3%, L= 8.31+0.2%, 1}
T 22.8+04%= Al A9 F A o) S BI(SH ratio) 7t
222 7P Aok (p < 0.05). L B 9] A o
SEE vl 247 16012 FYsiglon, =g of o
F B(G/F ratio)= =} A 2| o] 0.4, B o]
052 Uepgtom FAHCR {3t (p < 0.05).

4, ofo|L4t g 3

Al A1ollA S f ofn|iesl SF(mg/L)S E4= ofnl
-AKEssential Amino Acids, EAA), H|Z<4 ofu|l-Ab
(Non-Essential Amino Acids, NEAA) 2 w|ghalZ] oju) 1
AHNon-Proteinogenic Amino Acids, NPAA) O 2 SLE5}o]

s} eFigure 4(A)). T9) $3 % ofulidl Hake
229] z]¢jo] 1020.6+217.2 mg/LE 7PF =9ka, K}
29 7] o] Z+zF 949.1467.5 me/Li} 949.2426.2 mg/L 2
Uepkon], 1)o7k golulat 2ol AEIA Btk Al
Aolo] W W8T ofulieit TS 97306804
mg/Lgom, JAdu)s B3 ofu| i Abo] 15.5%(146.448.5
mg/L), H]EZ= ofu]iAbo] 81.8%(800.2+72.5 mg/L)gcth

op7AILERS] Sholis 10550] Mo ofn| Ak} 0%
o] H"e ofu]iAl, o5 1550] HlEhul ofu] At
o] HZE Q2 H[Figure 4(B)], Asparagine(59.2%)°] 7}4+
ol e Ao Yepdth 3, 2% o] RIS
7k "= opu] AL Arginine(2.0%), Histidine(2.9%),
Phenylalanine(2.0%), Threonine(2.2%) ©]31ow, v]Z4
otu| 1= A2 Serine(5.1%), Proline(3.9%), Alanine(3.7%),
Aspartic acid(3.0%), Glutamic acid(2.5%)°] 1t} Hjgha 2
o4k GABARE HEESlem, AA| obn|ieil gh
9] 2.7%E Akl QLA
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Table 2. Estimated honey productions by diameter at root of R. psedouacacia.

Diameter of root Diameter of crown

No. of flower

No. of trees Honey production

(cm) (m) (ea/tree) (ea/ha) (kg/ha)
5 3.0 11,626 1,094 24.9
10 4.1 27,689 589 31.9
15 52 43,752 368 31.5
20 6.3 59,815 251 29.4
25 74 75,878 182 27.1
30 8.5 91,941 138 24.9
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21 AT, oA hatt B AAEE cheret
b =0l w2l 24.9-319 kgha ¥Sle] ZHAH 2 A4k
F2 H A TtH(Table 2). o]+= Carl et al.(2017)0] Z& 9] of
T 2842 dieR H1e 69 kghaoh i Aol
7} 912k, Vakulyuk(1991)7} 2118+ S I eto|Lt o7t
Aol B ABAAR 33~47 kghafhs FARHAl WER
o ohel, S7PE 4S54 9 2ARE ] Fo|w ls)
Aot A2l vlals AESHA] o Ao wd
o, & A-ade Sl AR oAU A A & At
Fo AgHor Hrikt A dAgtehs dellA w7t k.
H, BE HYAEY & YIS sUskA gon

(Dmitruk et al., 2021; Fishchuk and Odintsova, 2021), &%
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StcH(Adgaba et al., 2017). whaba] 2 o319}
HPo] A8 SEE0) A B RS
35 vhgrom ob el WU S 3
t}. Kim et al(2021a, 2021b) EUo] A4 2
e 377 kg/haz, WAUFREO] Ao 311 il
slosl, relolx] §ureh e HobE Pl
ofefubiel hawh M B AL 77 1204 ke
1254 kg 2 R ISFFHKim et al.,, 2022). 3FH, Na et
al.(2024b)> =W} 8 =F2] U 7 E H7FeE Aol A
U 87.6 kgha, 292 71.8 kg/ha, 2213} 41.1 kg/haol
A E S Haskii) o] mols oY
FETE 953t W) thr EXRto R WA o R o]
o] 7l oAU 91529 Wl Aol et A A
£7} "asitn A7bEc,

shge 2 fFoll EAste= A (nectary)oll A EH]E=
T =R iR G pReE FAEANE 259 of
n)ieAl, wdE, 224 tjapibEo]l ZFE ] Qlth(Adler,
2000; Nepi et al., 2012; Afik et al., 2006). S} 2] TH(nectar
sugar)-> F2 Al(sucrose), ETE=(glucose) L T
(fructose) .2 o]F0]& QIth(Pavlik et al., 2018). & A+
of| Al oFZFAILEE] BHE S Aol 60% o4, LS oF
20~30%, 183l TG oF 10%=E FAAE Ao R e
S m(Figure 3). ©]+= sucrose®} hexose (glucose + fructose)
Hlgo| wet 3hd F4S 47 saes &% 7E
(Cnaani et al., 2006)2 -85 ff, o}7}A| U= sucrose-
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dominant 529 g =
ShH ok ohefet Go ] %@LL st
oA Qlom(Afik et al, 2006), T T A SHoA
A > Zert > ol > g o7
It Wykes, 1952). E3F shd ] A
A AL FHO A F A|7to| Z7}gtc(Petanidou et al.,
20060)= APALE 1S o, oAU SHES &
HOl A3l & & 45 7H Ao g woE
shg o] opu|icil A SHEujTfARS] S Jdam
(Nicolson and Thornburg, 2007; Nepi et al., 2012), H]Z 3P
uf] - o skaFo & ZY 51 AW Lohaus and Schwerdtfeger,
2014; Nicolson, 2022), s} Z22 ZAAsl= 9 QA
o]th(Park and Thornburg, 2009). Z}Z}9] ofu|i-Ato] SHE
i 7f Ao A vl A= AHEEHA Gk A= obF] EE
SFA] 2k th(Nicolson, 2022). SFA|WF EH O] HolgHo F
Alshe ARIA cheret obl Ak A3 Bo] 4
1} ;A 5ol AT (Mevi-Schutz and Erhardt, 2005),
slelea} 2ol AXE S T2t 99irkChalisova et
al., 2011; Simcock et al., 2014)= oA the=3t oz
ojAFe] 7}x]7F kil FHETH(Nepi et al., 2012). de
Groot (1953)2 Aol A F/dstAL thE ofm|ito =z
e HekE 4 glo] RiEA] 3l 5 Ho|x ez HE
AFfslioF sh= EE 9] 107F4] B ofn]ieAte] thsf Xt
Shl=dl, & Aol A ElE of7pA| o] Sl =
g opH|leAt 107FA7F B EXshs Aoz ‘%EP*E}
(Figure 4). ob&d, opZPA[UE SHdof 71 wo] ghid
Asparagine (59.2%)-2 SHEU|7RAF A a4 399 o
g2 5}H(Petanidou et al., 2006), T HA = Wo] 5=
Serine(5.1%)-2 & A falgt vgES AAIeh= 7]7
o] lth(Ligoxygakis et al., 2002; Vannette et al., 2015).
ESF Proline(3.9%)-2 Zdo] v A] ALE3}= o XY
o g AshgoA W= thAbE] o] B2 oFO] ATPE W
ol AU sl A E olEst= EHAA & oS
Al&5H(He et al., 2018), ZHo| 7} AE 3= oju]i-At
= sly=E & A Qlth(Bertazzini et al., 2010; Hendriksma
2014). IESE Aspartic acid(3.0%)2} Glutamic
acid(2.5%)+= T o] Ats} AEHAS
Stc(Anraku et al., 2015; Duan et al., 2016). 3+H, o}7}A]
LRl 2.7% SHE GABA&= TReFRE A1E9] shdof A w
A= F:A < vghlE ofu] iAo Z(Bell, 2003; Silva
et al, 2020), TF9] T2+ He| @ o] oA |58
4=3) 5} (Sachse and Galizia.,, 2002; Raccuglia and
Mueller, 2013), 9] 71 58S A= Aoz &
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