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ABSTRACT

Tilia amurensis is an important honey plant. As 7. amurensis mainly distributes mountainous
area with various elevations in Korea, accurate prediction of blooming time at the different
elevation would benefit forest beekeepers. In this study, we measured time-dependent
blooming progress of 7. amurensis in Mt Gariwang area ranging from 500-1500m.
Additionally we collected blooming data from web and published literatures and estimated the
variation of blooming time relative to the geographic locations. Flowers began to bloom from
July 6 to July 22 with full blooming on July 14 in location where elevation is 638m in Mt.
Gariwang area in 2021. Based on these databases, a growing degree day (GDD) model was
developed for prediction of 7. amurensis blooming progress using average daily temperatures.
Using the starting date of GDD accumulation of January 1 and base temperature of 5 °C,
blooming period ranging from 10% to 90% of cumulative blooming rate was estimated as
860-1198 degree days (DD). This corresponded to the beginning to the end of July in Mt.
Gariwaning area in 2021. This model could explain the phenological variations of T.
amurensis flower blooming possibly affected by elevation within geographic area, latitude or
year relative to the climate change, and aid forest beekeepers for better timing of nectar
foraging by honey bees.
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Fig. 1. Photos of Tilia amurensis observed in Mt. Gariwang area, Gangwon, Korea during the blooming
period in 2021. (A) General feature of an observed tree on July 9; Blooming progression of specific part
on (B) June 28, (C) July 7, (D) July 14, and (E) July 20.
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Table 1. Information on Tilia amurensis specimens with identified blooming status

Specimen number Date Day of year Latitude Longitude Elevation
SNBA200008112021 1939-07-18 199 37.50818 130.82171 238
KBNA200006122026 1961-06-11 162 36.13735 128.01533 159
KWNA200007061101 1976-07-08 190 37.87334 127.96088 883
KWNA200007061103 1976-08-03 216 37.09574 128.91524 1499
ENHA200508301025 1981-06-18 169 37.5718 126.93253 30
KNKA200006202061 1981-07-10 191 38.26208 127.55665 372
ENHA200508301024 1982-06-10 161 37.5718 126.93253 30
SNBA200505131003 1982-06-21 172 37.59237 127.04388 25
SNBA200505111021 1982-06-21 172 37.59237 127.04388 25
SNBA200505121036 1982-06-23 174 37.46694 126.94799 53
SNBA200505121059 1982-06-27 178 37.46694 126.94799 53
SNBA200505111038 1982-06-30 181 37.46694 126.94799 53
SNBA200505121060 1982-07-17 198 38.16472 128.37389 500
SNBA200505121052 1982-07-18 199 38.14639 128.41417 1100
HNHA200507122171 1986-05-31 151 34.65257 125.88916 100
SCNA200007111030 1986-06-05 156 34.99355 127.60815 38
SNFA201006071029 1986-07-14 195 35.22726 127.58981 160
KWNA200007071004 1986-07-23 204 37.09574 128.91524 1499
KWNA200007071013 1987-07-24 205 37.99021 128.45211 635
KNKA200005243071 1992-07-15 197 37.09574 128.91524 1499
SKKA200008182161 1993-07-12 193 38.26208 127.55665 372
KWNA200007071031 1995-07-05 186 38.3635 128.29933 865
KWNA200007071033 1995-07-05 186 38.26844 128.38261 638
CNNA200008082088 1995-07-12 193 37.46833 128.79948 457
EWUA200909261109 1997-06-25 176 35.94766 127.68975 997
CBBA200409092012 2001-07-06 187 37.94167 127.43194 1220
KBNA200607221003 2003-06-26 177 35.53996 129.05616 1056
HLUA200910231141 2005-07-14 195 37.52058 130.86815 354
CNNA200911122188 2006-07-14 195 35.81514 128.12311 1107
HLUA200910231146 2006-07-28 209 37.52058 130.86815 354
ADNA200911284051 2008-07-15 197 37.52058 130.86815 354
HLUA201107092086 2009-06-24 175 37.93296 128.38604 440
HLUA201007271011 2009-07-19 200 37.54197 128.27451 734
KWNA201206143056 2009-07-23 204 37.67694 128.31444 1252
KWNA201206143053 2010-07-15 196 38.04928 128.42526 1396
KNKA201502078048 2011-07-20 201 37.60722 128.27678 1099
KNKA201502078035 2011-07-22 203 36.73964 129.25311 914
KNKA201502078034 2011-07-22 203 36.73964 129.25311 914
KNKA201502078040 2012-07-07 189 35.81841 128.12396 1188

KNKA201502078027 2012-07-07 189 35.82247 128.1175 1282
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Table 2. Cumulative blooming rates of Tilia amurensis identified from observation, literature, and web

information
Year Day of year Cumulative blooming rate (%)  Latitude Longitude Elevation Source
187 51.6
37.49358 128.54259 557
203 100.0
187 27.1
37.49358 128.54259 558
203 100.0
185 0.0
186 1.3
187 243
188 243
189 36.5
190 36.0
191 45.5
192 437
193 56.4
194 58.9 37.48426 128.54095 638 .
2021 Observation
195 62.5
196 69.9
197 80.8
198 83.8
199 80.0
200 823
201 93.8
202 96.8
203 100.0
190 20.3
37.48848 128.54085 655
203 100.0
203 18.6 37.46609 128.50479 890
203 30.0 37.47454 128.51304 1121
203 36.5 37.47757 128.51289 1128
181 25.8
182 42.4
183 60.2 Kim and
1987 184 700 37.26763 126.98562 35 Choi, 1988
185 78.5
186 89.9
2021 164 81.1 37.56574 126.90331 12
2019 172 84.6 36.43458 127.23316 58
170 41.7
2020 36.43458 127.23316 58
175 76.4 Web
169 53.8
2021 36.43458 127.23316 58
177 100.0

2018 174 75.0 37.45882 126.76047 28
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Fig. 2. Blooming time (DOY) of Tilia amurensis
relative to the latitude and elevation
identified from specimen data.
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Table 3. Estimated parameter values and residual sum of squares (RSS) for the cumulative distribution models

of blooming time of Tilia amurensis

Predictor ~ Base temperature (‘C)  Starting date Parameter RSS
¢ (mean £ SEM) 6 (mean = SEM)

OBS - - 0.119 £ 0.0363 188.87 + 1.7892 1.18
GDD 5 01-Jan 0.013 £ 0.0017 1029.572 + 9.3886 0.29
01-Feb 0.013 £+ 0.0017 1029.487 + 9.3986 0.29

01-Mar 0.013 + 0.0016 1024.584 + 9.1944 0.28

01-Apr 0.012 + 0.0017 988.519 £ 10.6497 0.34

GDD 10 01-Jan 0.013 + 0.0025 534.06 + 13.3461 0.64
01-Feb 0.013 + 0.0025 534.06 + 13.3461 0.64

01-Mar 0.013 + 0.0025 534.06 + 13.3461 0.64

01-Apr 0.013 £ 0.0025 534.069 + 13.1538 0.63

All other estimated parameter values significantly different from zero (p < 0.01).
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