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1. Introduction

In boreal or sub-boreal conifers, bud phenology is essential for regulating the growth period and 

avoiding frost damage (Aitken and Hannerz, 2001; Howe et al., 2003; Ogawa et al., 2010). Numerous data 

on bud phenology, including bud ush date and bud set date, are available for ma or forestry species, such 

as Pinus sylvestris, Picea abies, and Pseudotsuga menziesii distributed in boreal or sub-boreal forests of 

the Northern Hemisphere (Oleksyn et al., 1998; Aitken and Hannerz, 2001; Howe et al., 2003).

Three conifers, Abies sachalinensis, Picea jezoensis, and P. glehnii, dominate the natural forests in 

Hokkaido, northern Japan. Geographic or altitudinal variation of bud phenology has been reported in A. 

sachalinensis (Okada et al., 1970; Kurahashi and Hamaya, 1981), P. jezoensis (Kurahashi et al., 1996; 

Kisanuki and Kurahashi, 1999; Nakagawa et al., 2003), and P. glehnii (Okada, 1975; Kurahashi et al., 

1996). In most previous studies, the observation of bud phenology was conducted only for a single species. 

Kurahashi et al. (1996) investigated the bud ush dates of P. jezoensis, P. glehnii, and a hybrid at the same 

site and found that the bud ush of P. jezoensis was apparently earlier than that of P. glehnii, whereas that 

of the hybrid was intermediate. However, the relationships between other species remain incompletely 

understood.

In the present study, the timing of bud ush and bud set were investigated for three conifers during the 

same season and the same site. Bud phenology and growth period were then characterized for each conifer 

by comparison among species.
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2. Materials and Methods

Plant materials

Cones of the three conifers were collected in 2011 from the University of Tokyo Hokkaido Forest 

(hereafter, UTHF), Graduate School of Agricultural and Life Sciences, The University of Tokyo. Cones of 

A. sachalinensis were collected from a seed orchard in compartment 72-A consisting of 16 clones selected 

throughout the UTHF. Cones of P. glehnii and P. jezoensis were collected from 13 and 11 mother trees 

naturally-distributed in compartment No. 10-B [800m above sea level (asl)] in the UTHF, respectively.

Seeds of each species were sown in the nursery at UTHF ( 3 13  N, 1 2 23  , 230 m asl) on the 31th 

October, 2012. The seeds germinated during the spring of 2013 and grew during two growth seasons in the 

seed bed. The seedlings were then transplanted to another position within the nursery during mid-May 

2015. uring early April 2016, 30 seedlings per species were selected and identi ed by attaching plastic 

tags with individual ID numbers.

Phenology observation

Observation of phenology was conducted twice a week by visual inspection from the 26th April to 30th 

September in 2016. The phenology status was recorded as follows  (0) winter buds before bud ush, (1)  

bud ushing, (2)  bud setting, (3)  secondary ushing, and ( )  bud set of secondary ushing. The dates 

(days of year, hereafter DO ; Table 1) of rst bud ushing, bud setting, secondary ushing, and bud set of 

the secondary ushing were de ned as bud ush date,  bud set date,  second ush date,  and second 

bud set date,  respectively. The growth period was calculated by subtracting the bud ush date from the 

bud set date. If secondary ushing occurred, the period was calculated by subtracting the second bud ush 

date from the second set date, and this period was added to the growth period for the diagnostic seedling.
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Table 1. The relationship between calendar date and DOY (Days of Year) in 2016

3. Results and Discussion

Terminal buds were damaged in one and four seedlings in A. sachalinensis and P. jezoensis, respectively. 

Furthermore, the bud ush date of one seedling in P. jezoensis could not be identi ed due to human error. 

Then, the numbers of seedlings observed for A. sachalinensis, P. glehnii, and P. jezoensis were 29, 30, and 

2 , respectively (Table 2), the medians of their bud ush dates were 1 1, 1 5, and 127, respectively, and 

the medians of their bud set dates were 166, 189, and 157, respectively. Bud ush date and bud set date of 

P. jezoensis were clearly earlier than those of A. sachalinensis and P. glehnii (Table 2; Fig. 1). The width of 

the distribution peak for bud set date in A. sachalinensis was narrow, whereas that in P. glehnii was wide 

(Fig. 1). No seedlings e hibited second ushing in A.sachalinensis (Table 3). In contrast, one seedling and 

three seedlings e hibited second ushing in P. glehnii and P. jezoensis, respectively (Tables 4 and 5). The 

medians of the growth periods in A. sachalinensis, P. glehnii, and P. jezoensis were 24, 45, and 30, 

respectively.
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Fig.1. DOY (Days of year) of bud ush and bud set for three sub-boreal conifers

Table 2.  Statistics of bud ush date, bud set date and growth period in three conifers, Abies sachalinensis, P. 
glehnii, and P. jezoensis

DOY and calendar date in parenthesis are shown.
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Table 3. Phenological data for Abies sachalinensis

0  winter bud, 1  bud ushing, 2  bud set, 3  second ushing, 4  bud set of second ushing, As05  terminal bud 
was damaged.

Table 4. Phenological data for Picea glehnii

0  winter bud, 1  bud ushing, 2  bud set, 3  second ushing, 4  bud set of second ushing

Table 5. Phenological data for Picea jezoensis

0  winter bud, 1  bud ushing, 2  bud set, 3  second ushing, 4  bud set of second ushing, P 08, P 10, P 16, P 20, 
P 22  terminal bud was damaged. P12  the bud ush date for this seedling could not be identi ed.
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The bud ush dates of A. sachalinensis, P. glehnii, and P. jezoensis observed in the present study were 

consistent with those identi ed in previous studies conducted in the same site (Kurahashi and Hamaya, 

1981; Kurahashi et al., 1996; Kisanuki and Kurahashi, 1999). Data for timing of bud ush of these species 

were relatively abundant, whereas that of bud set were scarce. At the same site, Kurahashi and Hamaya 

(1981) investigated the timing of bud sets of seedlings of A. sachalinensis derived from different altitudes 

and found that the bud set ranged from the 9th to 12th July. The bud set date of A. sachalinensis obtained in 

the present study was approximately one month earlier than that of the previous study. The bud phenology 

signi cantly varied depending on the observed year (Kisanuki and Kurahashi, 1999). Therefore, bud set 

date should be evaluated by observation in several years in future studies.

4. Conclusion

The present study clearly demonstrated the difference in bud phenology among three conifers. P. 

jezoensis is characterized by earlier bud ush date and earlier bud set date (approximately three weeks 

earlier than those of the other two conifers). P. glehnii is characterized by mid-term bud ush date and the 

latest bud set date to maintain a long growth period. The relationship between P. glehnii and P. jezoensis in 

regards to bud flush date is consistent with findings of the previous study (Kurahashi et al., 1996). A. 

sachalinensis is characterized by mid-term bud ush date and mid-term bud set date, and the width of the 

distribution peak of the bud set was narrow. These differences in bud phenology suggest that a strategy to 

maintain the growth period and to avoid frost damage should be dependent on species.
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