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Difference in germination response to cold stratification intervals
between two dwarf bamboo species, Sasa cernua and S. senanensis

Keiko KITAMURA"" and Takayuki KAWAHARA"

Abstract

Dwarf bamboo species are monocarpic and seldom flower or bear fruit. We observed the small-scale flowering of
two dwarf bamboo species, Sasa cernua and S. senanensis, at the Hokkaido Research Center, Forestry and Forest
Products Research Institute, Sapporo, Central Hokkaido and obtained their seeds. We investigated the germination
response of these two species to repeated cold periods and found that the dormancy period of S. senanensis seeds
was longer than that of S. cernua seeds. In the course of five repeats of cold treatments, most of the S. cernua seeds
had germinated after the second cold period, while majority of S. senanensis seeds did not until after the fourth or
fifth cold period. This difference between the two species was statistically significant.

Key words :acclimation, cold stratification, dwarf bamboo, Sasa, seed dormancy

Introduction

Dwarf bamboos have a vigorous vegetative regeneration
system (Makita, 1992). Because of this, they often dominate
the forest understory in temperate and subarctic forests in
Japan. In Hokkaido, dwarf bamboo species rapidly colonize
open sites created as a result of disturbances such as forest
fires, wind damage, landslides, volcanic eruptions, artificial
logging, and cultivation.

Bamboos are monocarpic (Kudoh & Ujiie, 1990;
Janzen, 1976) and take several decades to flower, thus
regeneration by seeds is rare. When dewarf bamboos
bear fruit, they provide a large number of viable seeds,
which are often consumed by insects (Kudoh et al., 1994;
Nishiwaki & Makita, 1998) and mammals (Abe et al., 2001)
as a source of food. Previous studies on dwarf bamboo
species have revealed the existence of genetically variable
genets in local populations (Suyama et al., 2000, Kitamura
& Kawahara, 2009). This is a positive evidence of the
contribution of seeds to the regeneration process in dwarf
bamboo species. Furthermore, we observed seedlings of S.
cernua at a study site 2 years after small-scale flowering
and fruiting (K. Kitamura personal observation, 2005 and
2008). This observation suggests that dwarf bamboo seeds
may be dormant for a minimum of 2 years.

In this study, we investigated the length of the cold

JERRZ A PRk 22 4 7 H 21 H Received 21 July 2010

acclimation period required to break the dormancy of seeds

of two dwarf bamboo species, S. cernua and S. senanensis.

Materials and Methods
Seed collection

We observed small-scale flowering of S. cernua
(Kitamura & Kawahara, 2007) and S. senanensis in 2006
in the experimental forest of Hokkaido Research Center,
Forestry and Forest Products Research Institute, Sapporo,
Hokkaido (42°58' 32" N, 141°23' 46" E, 130-260 m above
sea level).

We selected 18 culms of S. cernua and 10 of S.
senanensis, that flowered and bore fruits. We covered all
caryopses of every culm with a coarse fiber cloth bag in
June for S. cernua and in early July for S. senanensis. In
late July, after all the seeds had matured and been shed from

the culms, we collected the bags containing the seeds.

Compound stratification

The collected seeds were rinsed and soaked in water
overnight. To prevent mold growth on the seed surface,
seeds were soaked in 0.05% benomyl for 3 h. Seeds from
each culm were placed separately in Petri dishes and kept
moistened with water-soaked cellulose sponges throughout

the experimental period. The compound stratification

Jihasz B R 23 22 H 9 H Accepted 9 February 2011
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method (Asakawa 1957) was employed to germinate the
seeds. Five cycles of incubation under cold (3°C ) and warm
(25°C ) temperatures were conducted. Due to the restriction
in using the equipment, we were not able to manage the
constant intervals of cold and warm temperatures. The
cycles were as follows: 54 days cold and 49 days warmth,
64 days cold and 51 days warmth, 38 days cold and 30 days
warmth, 31 days cold and 53 days warmth, and 231 days
cold and 34 days warmth.

Significant differences in germination between the two
species were investigated after each cold period using the x>

test.

Results and Discussion

We observed the germination of S. cernua and S.
senanensis seeds after each cold period except for the third
(Table 1). The germination response of S. cernua was the
highest after the second cold period, at which 79.3% of
seeds had germinated. Most of the S. cernua seeds (99.6%)
had germinated after the fourth cold period.

On the other hand, majority of the S. senanensis seeds,
69.9%, germinated after the fifth cold period.

The difference in germination responses between the
two species was significant (p<0.01), which indicated
that the dormancy period of S. senanensis seeds was
significantly longer than that of S. cernua seeds.

The genus Sasa generally shows seed dormancy; some
species such as Sasa tsuboiana (Makita et al. 1993), S.
kurilensis (Makita, 1992) have been reported to show short
period of dormancy, however, Sasa kurilensis var. jotanii
(Nishiwaki & Makita, 1998) showed no dormancy. The
present study revealed that the two species, S. cernua and
S. senanensis, show longer seed dormancy than previously
studied species.

To accelerate germination of seeds having longer
dormancy periods, the “compound stratification” or
“warm followed by cold stratification” method is effective
(Asakawa 1957). By employing this method, we obtained
higher germination rates for S. senanensis (69.9%) than
those found in previous studies (Matumura & Nakajima,
1981; Nishiwaki, 1988; Koyama, 2000). Although the
interval between each cold and warm period was not kept
the same throughout the experiment, repeated treatments
with cold—warm periods may be a major factor in increasing
the germination rate as well as the cumulative length of the
cold period.

The germination response of S. cernua was the highest
after the second cold period, i. e., after 118 days of cold

period. This result coincided with that of a previous

observation in which germination of seedlings in the natural
population of S. cernua was observed 2 years after fruiting
(K. Kitamura personal observation, 2005 and 2008). These
results may indicate that seed dormancy of S. cernua can be
broken by either two cold periods or 2 years after fruiting
in natural populations.

On the other hand, most S. senanensis seeds germinated
after the fifth cold period, i. e., after 418 days of cold
period. This is significantly longer than that obtained in
previous reports on S. senanensis (Matsumura & Nakajima
1981; Nishiwaki, 1988) and S. cernua in this study, which
indicates longer dormancy period of seeds of this species.
Matsumura & Nakajima (1981) have previously shown
that S. cernua requires a significant prechilling period.
The present study proved that the significant length of cold
period was necessary to enhance germination of the two

dwarf bamboo species.
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Table 1. The number of germinated seeds from each culm of S. cernua and S. senanensis after
each cold period. Germination was not observed after the third cold period.

Cold period
Species Culm 1 2 4 5 Total
S. cernua 1 10 46 6 0 62
2 18 62 15 1 96
3 10 78 1 93
4 13 24 11 1 49
5 6 51 0 58
6 9 62 8 0 79
7 5 48 13 1 67
8 2 121 12 0 135
9 2 50 0 57
10 1 28 0 35
11 4 36 11 0 51
12 3 98 5 1 107
13 3 94 10 0 107
14 1 50 0 0 51
15 2 31 7 0 40
16 3 63 7 0 73
17 5 39 14 0 58
18 6 5 15 0 26
Total 103 986 150 5 1244
S. senanensis 1 0 0 2 0 2
2 0 0 2 12 14
3 0 2 11 9 22
4 0 0 8 0 8
5 0 0 3 0 3
6 0 0 0 15 15
7 1 0 1 11 13
8 0 0 3 0 3
9 0 2 6 0 8
10 0 1 1 53 55
Total 1 5 37 100 143

% 2950. 03 (p<0.01, df=3)
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The observation of flowering dates in the Cherry Preservation Forest at
the Tama Forest Science Garden over a 30 year period.

Toshio KATSUKI", Kojiro INAMOTO? and Yukio ISHIT”

Abstract

About 1,600 individual trees, and 600 strains of flowering cherries propagated from famous tree and
major cultivars from all over Japan were planted in the Cherry Preservation Forest at the Tama Forest
Science Garden, Forestry and Forest Products Research Institute. The anthesis is an extremely important
characteristic of the flowering cherry, but this has hardly been observed for the cultivars of flowering
cherry, other than the anthesis of the Cerasus X yedoensis 'Somei-yoshino'. At the Tama Forest Science
Garden, we have observed the anthesis for 494 individual flowering cherry trees since 1981. Therefore we
show the average first and peak flowering dates for 494 individual trees for the 30 years from 1981 until
2010 and the first and peak flowering dates each year of 148 individual trees.

Key words : flowering cherry, cultivar, phenology, first flowering date, peak flowering date
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LIZU®IC
BRI G 2 R R O 7 TR (LR
Y7 IR I, HARREO EEZY 7T OFE:
XA EDHEERTO—UDIEIN TS, Y7
FIRIEM I, 1960 FERDOZ EHRMEZREDONHS TH %
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DUV EDE LU TRILE N (RORERIIZEE , 1968; /)
FE, 1981), WHF, FHIONE, ik, FhikLich b
YT SOHK - HAROPITIE, AERFREREICK-
TN RZATZE DN AN ehD, TH5 LY D
& LEE L U TR A % I EH OB AR
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HEFFEH A B b, 2010 fFEHTE. 7.96ha DY 7 <
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ST TS LD BBEWNH - 72 (7K, 1981), F -,
F T R IERYIRERE « DA AT NE EDFREAD
Fetkzfifgd s &b, RAAMEAKZERT 2 L TEHE
Tohs (HEHS , 1988; BHEF « 343 1980; 14 A - S,
1975), V7 S{#-fFEMIZ. (ZIFE—DRE FTZ DY
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.

(enunuo)) 1S910, UONBAIDSAI] A1I8Y)) 9 Ul $9aJ) PIAISSqO Jofew Jo (y)o Jep o98eiaae pue 0]0Z186 1 J10J sorep Surremory yead ayJ, '¢ o[qe],

(RCC) (#501021861) HEfA 3 HEAW oM VM & QS 1WA M) £ 4 4 "€

| Bulletin of FFPRI, Vol.10, No.1, 2011




KATSUKLT. et al.

ouF ST/F  LIH 9T SUF LUK OLF F1/F €%  OoLF SUF  9UF CI/F &l €e/F  SIF (L 79) ity 1 7 ydgdg 6%
ouUF  9U¥F €UV eUvy  euw LIy TUF YUV ¥ e Sy ¥R OTUV BV ey FIF EYEIZOW) L 44k gdgrdeg 98¢
Sy 08 1K 6 eF  9UF OTF FIA &Y OUF  ¥IF CIF S SLF 9% I CA TN L s o= BdedRy 098
sUv LUV TV 9UF S/ TI/F e 6/v <u¥ 9V GUV 1LV €ey VI CAMTYME/ M) £ £ ek gdedpe 083
Sy 1A YIM IUH SUP 9K Uy 9T Te/e 1A LI €UF LR 6/ T1eiv VIm (TEBE)ElY  ededyg  ¢gg
YUy €U¥Y €Uy S ey SUF 8 YUV R oLy 9LF VLNV G Ol Sy FIW (L)@ gdogdeg €08
YUF  SUF  CUF CIH YR LTF OLF FIA €% TR 9UF  FIN Bl 1A 8IS FIF GBS edeTdeg 30g
ou¥ Bl LUV S STy LUK OUF SN €% 1K SUF  9UF 0oL T1L/H  8UF  FIF (S HENNG@E  1dgrdeg 61
ouF  €IF OoLF I/ €I/ 9% 6/ STV U elm LIy SUF TR TR LIA FIF (BT EY@E  edetdeT 19T
YUvy ey vy e euy 99Uy 11UV YIA oy TUR LUV €UV G 6/F €% I Fo)ads 1dgdgr ¥6
YUy €UF YIF 9T 91 6Lk SR YIF €% 0L SUF 9L SIF TLM Le FIF i)y 1datdit g6
S1/y  GU/y LUV 9UF €UV LIV S/F SUF IV 6/v  L1F  C€UF Gy GUF 9%y VI (BB XN IT] 2N 1dedg 6¢
Y% Uy SUY  SUF 1UW ST Sy €UF S 6/ ST 91 Sy 6/ €3v FIN ('8 Ly 77) e B pdgdr 8
ouF  eU¥ €UV 1Lm 9Ly SUF  OUF GBI &Y 6/ FUF €UV 11/ Ol €ey ELF (BT W) L 4 fe e gdgrdeg 188
ey By 1V 1L oLy SV LY VIV @V e ¥V €UV 11V 6/v €%y eV CHH LN EN L 4 2 X2 g & BdpTdey  gge
v ey €uy  1Uvy €Uy 9Uv 9% Sy @V e/ YUV VIV 6/Y 6/v  €g/v eIV EYFHEY) AE ¢ gditdge  ¥LE
ey ey ey 1y 9uy 99UV 9% VI &V e/ VUV €UV 6/ OL/F B8l LW (H )5 W% gdotdze  €Lg
ey ey e e gy €UV e/ Gy UV OUF STV €U 1L OL/F GeiF I CAE H oI & /B8 s pde1dog 673
YUF  SU¥ VIF O 6% €Uv Sk 9% €U TF Ol SU/F SUF T 0L 8IF EIF (BN G S 1dedog  8€3
/% 6% oy Uy Uy ¥IW LY  SU¥ &% 6% VUV ey TR 6/F  €3F I (3246 2 0T B 3 3 1dediz  $91
91/ SU¥F YLV SUF 9LV SUY 6/ VIV &b LIV VUV BLV 6/F /¥y  9e/y  ELV (7 y;@% gdzgdiz 691
ey SUy €UV el S 9UF 9% VIM TIg/e oLy FUF €UV 0L 8V Gey ELF CAMEI/TN) £ 4 e~k BdotdeT  LPT
YUy 99UV €Uy 9L €Uy Sy 9% €UV ¥ LV YUY UV 6/ 8% ey €LV (rryEnugEsy  gdeder  OFI
ey YUy 1V 1 YR YUR O 8w YUV @k 0L 9Ly GL/y OLF 6/F €8 E1/F Meh)mz edrdpr  zel
ey ey vy ey ouy VUV e/ VI ¥ 8/ ¥U¥ VUV GV 1LV €ey €LV PN ER pdetder  ggt
YUV €UF  eUF S/ eLF Sy LY VIR TR 6/v  ¥I¥ Sy OoLF  1UF 8IF €L (BN EY  gdediT €8
ey eV Sy 9Ly €UF 9LV 8y VLW IV LV L% €UV 0LV 6/F %y eV (9 E)E4a  gdeTdor  TL
0g/¥  9U/¥ LIW Ce/v Ol €UF S VUMW v 6 FUF SV 6% OLF 9%/ ELF CEDE R AR 1dgdg €¢
eIy €UF oLy BLY 6/F  SU¥ OLV €Ly e Ly 9% eUvy 1L 6y eV €L R L) E it gdrde 1€
S1/vy  L¥ STy OL/F  GUY &IV 8y ¥y €Uy 1V 6/F a3V GLE O)sy 1dpdyy 19¢
sy oLV Gy 6/  OoLF 9LV  S¥ GV GV 6y €LV 8/ 6/v  0L/F €8/v &LV (BQEMAN)E 444 4 2dodgy  gee
ey 6/F 0Ly SUF eIV FIF e SR Gl /v ¥YU¥ BU¥ OLV 8% 3y BL¥ (P A £ 47 X TdRATY  GIE
/% oLwy  1L/y  OUF OUV SUV 8% ¥U¥ €% 8% €Uy €Uy oLy  6/v  €3/% &LV VEY£ 7 L2 wd9TdeZ 003
1% Ly ¥U% GUv €Uy 9L 9% U 18/ Ly SR 6/ oLF  1LF Ser gL (o E)wseya edrdog  BS1
ouF  el¥y 1LV Sl Sy SU¥F 6/ VIV &V e ¥V UV 6% 8% Gey  Gl¥ (BT xa =) £ 4 46 4 T91dIT - 06
YU¥ 9UF  OLF 9L SUF VLR 9% G UV LV LR 6% 6/% 8V ey GIF AHEHTE) LT 2deTdoT  LL
ey ey €Uy elw ey VYUV Sy €UV eV LV VYUY €UV LY 8V 88L& BLF (rgEy@uyEy edetdor 69
v awreu uress I9qUNU BAIY JI9qUINN
0T0% 6003 8002 L00Z 900% S00% ¥%00% €00% &00% 1003 0003 6661 8661 L66T 9661 ok G )L B3 B

R 55 10 % 1 5, 2011 ]

A

Wi

4a

2

N

ARPARE

42

(enunuo)) 1s910, UONeAIDSAI] A118YQ)) 93 Ul $9aJ) PIAISSqO Jofew Jo (y)o Jep o98eIoAe pue 0]0Z1861 J0F So1ep Surremolj yead ayJ, ¢ a[qe],

(RCC) (#501021861) HEfA 3 HEIS oM VM TE & QS WA H) £ 4 4 "€



43

e¢e/y  0%/¥  se/v VUM S8IH  1LF  €UF  1g/F  STUF e/ 08/F 6y 1e/F  9U/F 16/ 61/ CipsE/mygan e 9dedyg L1G
¥e/vy  1g/v €8y 81y 8L/ Sy €Uy 1g/¥ LUV Ve/v  Ge/v 84y 0%y LUV 18/ 61V (/g gdedgz ¥81T
1e/% 08/%  €a/v 81/F  gU¥ CUF @e/y SUy  €ev 03/ 08/ LIF  SUF 1% 61/F AN g 1dgTdig 9LT
1e/% 61/F @e/v  1e/m  61F  SUF  ¥UF  1e¥  SUF ey ey 08 0% 91/ 18 61 (FE)deEet pdedgr L6
selv e/ Ce/v ¥IH SUF TUF SUF 1o/ 6L/ €e/y 03/F  08/F 6T/ 9T/ T1e/h 61/F (BB /L 2) MY ydydg 8%
ey SIW gy STF 6Ly ¥UF  SUF ey LIF €ev 6L/ 08 STF STV 17 61/F (MY /Ly Hos  edotdt e
ey 61 €3y STV SUF  TUF  SIF ey STV Vab Gaiv S 61y LIV 6L/F  SI/F (ByE2) s 1dgdog veg
18/ 1e/v le/w  ¥Iw 9UF  TIF  SUF 03/ ¥UF  Ge/y  03/% Sa/v  SUF  LIF 16/ ST GEi—/Ux)3#-— 1ditdeg €61
ey LIV Gav 1G oIy eum  SUH LF Gev 08F Le/y SUF FUF LTF SI/F (LUm)yHos  edy1dt 08
ey LT 81/¥ SU/F SUF 0% Sy 18/ 0%/ 08/v 614 SI/F  03/F  SI/F (L) 1derdr LT
1/ LIF STF  SUF 9% TUF 1UF  1e/% 9UF  Te/  T1em Loy 614 SUF 1% LIF (I IEY) B 5 M 1dotdrL  6gv
12/% SIF @e/v  ¥Im 9UF  OLF  €UF  03/F LUK  03/F 03/F Sa/v LIF  91/F 18/ LI GaMyenn A me gderdge  88¢
1e/v L1V SU¥  ¥IV 6L/ OLF  €L/y  0%/F Sy €8/ €&y 1/ 6L/F  9L/y  SUF  LIW FEo)pEwsE gdudoy 363
6T/F LIF SUF SUF LIF 6% OLF 03/F ¥IF  €3F 18F 08/F SIF Sy SIF  LIF (FEZ)SauE o gdgdoy 983
1/ LIF 61/ 61/F 9UF 1UF ol/F  1e/% 9UF  €ev  Tev  08/F  03F 9U/F  61/F  LIF (o5 /E) Mg Z=w  gdotdeg 261
0z LIF SUF SUF SUF O0lF oly  61/F ¥Im 1% SUF  Ley LIk ¥UF  LIF LIF EYHy7BEYEY  1dodig 691
1/ LIF 61/ SUF SUF 1LF Sy 0&/% 9LF €av  0s/v  08/F 03F SU/F 1% LIF T %HY,  gdodgr 86
18/% L1F  81/% 61/% 6/F TUF  0%/% ¥UF 6LF  LIF  Ley 9TF Sl STH 9T CAY HF/IL ) £ 4 4o 4 2do1dgL  6€F
¥e/v  L1/F 0%/%  6L/F €Uy 9% ILH 0%/ OLF  STUF  SUF  Le/y 9k %Ik SUF 91 (Zoihnsy  edpdes  18¢
61/F LIF  SI/F eIy LY UV 6LV ¥UF 03/F  SUF Ley LIA VA LT 9T (RGN EY  gdgdgg 181
1%/v L1V S1/¥ LIy e/ 0Ly 0%/% 1LV 8%y 6LV 6%/v LUV VIV SUF 91V CAFEENMTDEN L 4 2 At g & 3dgTdsT 671
1%/% L1F 61/ 9I/F 6/  OLF 0a/% 11/F e/ LIF S STF  ¥IF  SUF  91/F EHE M EF) Ay vdedyT  ge1
18/% L% 61/F 91/F/ 01/ OL/F 0o/ ¥I/F oe/v SUV 8w 914  ¥I/F  03/F  91/F (TMYHENN £ 4 frrriklr pdoTdeT 61T
1e/% L1/ SU&  ¥Im  9UF  6/F T1UF 03F SU¥y 2% LUy Sa/F 6L/F ¥IF  91F 91/ (@EEyLZ)mde  pdgrdr ¢t
0g/y LUV 61/% oy 6/ OLV 0%V 1LV Se/y LUy Levy  SUV VUV LLY 9L/F (f B 1 Ly27) G E ydgdt 9
1e/% L& SU&  SUF 914  LF  OUF 03/% Sy  03/F LIy Sav SIH ST/H 9T ST (F@x—  zdgdyy  ¥9¢
61/F LUV LIV Sy 6/ 0Ly 6L/F Sy 1%/ LUV 8%/ 9LV €LV 9Ly SIW CANE I/ BB £ 4 o2k gderdgy 968
0g/v  91/F  81/¥ ST/ 9% 8 eLF OoLF LUK SUF TS LIF GlF 91F ST (M1)@ktsE  gd9tdoy  €o€
L% LUY 8UV 8T/ 9Ly oLy 1L/ 6L 1LV 6Ly 8L Le/y LU/ STV 8TV QI @D Tl gdetdoy  gog
61/F  91/F  61/F 9I/F 8/  OLF 9Ly  SUF  SIA 9L/ 93 STH UV FUF SIF MEEArTEYA TS gdgdoy 768
8T/F  91/F  S8I/F 8T/F L 6/ 0&/F I1UF  03F 9UF  Lev  FIA FIF SUF SI/F CHQOEMILLZY L 4 e 2d1gdeg  G03
QU/F SU/F SUF SI/F 91/ LV 6%  1g¥% OUF &e/v 9UF 98/ Sy GU/y  ¥I/F  SIF (e dordgg 66T
81/y LIV 8LV 91/v  6/V 6/y 6L/ Uy e6Lw LUV S8V Sy €UV LIV QL (& gy meegg  ¢didgg 8LT
61/v 61/%7 8I/W 91/¥  6/y  OL/F 08% Gy 8L/FV STy Sy 9U/F 1UF STV SI/W (MIMS /)AL 6dgdig 0LT
61/F 91/F S8I/F SI/% L% 8 0%F% T1UF  0a/F LI 6@y VA Gl STA ST GG £ et TdedTT 08
81/F  91/F  8I/F 9u/F 8/ IUF  0%/F SlF  LIA 9UF L ST TUF ¥R SIF CeERAH TN L 4 o2 2doTde  OF
61/F S8I/F S8I/F 9l/F S8 8 0a/F 1LH  03F  SUH LG 9T SUF 9LF  ST/F () B0 7 S [T T gdgde 8¢
v awreu uress I9qUNU BAIY JI9qUINN
G66T F¥66T €661 8661 1661 0661 6861 8861 L86T 9861 GS6T ¥86T €861 G861 1861 ok G )L B3 B

The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period.
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The observation of flowering dates in the Cherry Preservation Forest at the Tama Forest Science Garden over a 30 year period. 47
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Fig. 1. Map of major observed trees in the Cherry Preservation Forest at the Tama Forest Science
Garden. The numbers in the map show the serial numbers in Table 1.
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Fig. 2. The change in first flowering dates for Cerasus xkanzakura 'Praecox', C. xyedoensis 'Somei-yoshino' and C. leveilleana
'Antiqua’ in the Cherry Preservation Forest at the Tama Forest Science Garden for 1981-2010. The dutam date is 1 April.
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Fig. 3. The change in peak flowering dates for Cerasus xkanzakura "Praecox', C. xyedoensis 'Somei-yoshino' and C. leveilleana
'Antiqua’ in the Cherry Preservation Forest at the Tama Forest Science Garden for 1981-2010. The dutam date is 1 April.
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Statistical report of hydrological observations at the Sarukawa
experimental watershed (January, 2001 to December, 2005)

Shiho ASANO"", Akira SHIMIZU", Naoki KABEYA",
Hiroaki HAGINO" and Koji TAMAT®?

Abstract

The Sarukawa experimental watershed was created in the national forest at Takaoka, near Miyazaki
city, Miyazaki prefecture for forest hydrology research in a warm-temperate region. The experimental
watershed has three small catchments with different forest types. Automatic precipitation observation has
been carried out at a metrological station; automatic runoff observations for each catchment have also been
carried out. The results of these observations for 1967 to 2000 have already been reported in the FFPRI
Bulletin. This report summarizes research site conditions such as topology, geology, and forest, and reports
the daily precipitation and runoff for each catchment for 2001 to 2005.

Key words : Sarukawa experimental watershed, precipitation, runoff, hydrological observation, warm-temperate

region
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Table 1. ZJIFRARELK RO HE IR

Geotopographic feature of Sarukawa experimental watershed

B ISR I =R m=iR
Unit No. I No. II No.Ill
RISE A kmZ 6.556x102 9.174x102 8.181x102
Area of catchment
g EE R m 1018.4 1262.3 1207.8
Length on circumference
FERE m 263.5 337.2 383.0
Length of a major stream
EHERAE degree 15.9 12.2 8.3
Average slope of a major stream
RERESES m 262.9 232.3 202.4
Lowest altitude in a catchment
nERERES m 370.2 358.1 288.1
Highest altitude in a catchment
s m 107.3 125.8 85.7
Relative height
AL -- N54°E N10°E N26°E
Adjusted azimuth
KO ZFHT %, =M/ v FOEMIZ60ETEHE 2m FTAj0KE Uiz,
THO, /v FETyIMINEENT VS, HilkE
E =y T OBGRIKNL 2 K OO B & A ELD | IR
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HSRIAR O HE#kE & HiiH &
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Table 2. &40 KM

Period of missing data

F I &R I&iR JIIESSIN
Year No. I No. Il No.II
9/12-9/24
2001 11/14-11/15 11/14-11/15 1/14-11/15
4/7-5/23
2002 11/19-11/21 11/19-11/20 11/20
4/20
2003 11/2-11/4 11/3-11/4 11/4-11/5
8/30-8/31
2004 zL L 9/4-9/6
10/20-10/25
2005 1/11-1/13 1/11-1/13 1/11-1/13
12/6-12/7 9/5-12/8 12/6
YD IREEDREICEDLE T, FE/ZE U TEAKNDRE 5| SR

HIic k722 1 A1 HE Lz, BB OEILRICOV
TRZOHBICK D EDL S -DRDMEZ D% F TlI IR
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O T HRICDOW TR 12 A 8 HE TOARA R & 7%
o 1ze TORFDORREFA DR 7E EDFHIC DOV TIEE
&5 (2007) ICHE SN TV,

A

AR G OBIAIZERS . KA, HxE K,
ANZETS, KRR, EHEROR RIS X D RS N7z,
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fifisi
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erRERW,
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)

1€20L 9¢€°'86 Sv'/8 0'LLL 19°€91 L' ¥9L ¥G'9¢) 0'LSL €9'eve L1.91G 66'G0S 0'GS9 88'v€S 89'86. l2a4% 0'eeol _mw_w_.
Lc'e gc'e 99°¢ G0 8561 6E'LL 6LvL S9l 1€
8Ll LeL 780 S0 €Ll 8L [4" 00 G2'6¢C Y9'vC ¥8'GC gel 05'0C 6261 vSLL 00 0€
€2¢ 8€'¢C el oLl 08'L 86°L 8C'| 00 vl sevl LLLL SvS 8109 00'6¥% G229 G'06 62
€'l 8c’L 060 0'SL 1671 oL'e (0% 00 8¢€¢Cl go'¢clL V.6 00 TV v6'L 00'8 6’69 8¢
00'L 70'L 790 00 4% v2'e [elop) 00 1192 19'v¢C Gl'cc 00 SS'L 92 clL') 00 12
So'L oL’ 990 00 x4 6Y'C LL'L 00 L9'6Y cL'eY 09¢S 0'8clL 8L 16°C 06°L 00 9C
9Ll 6L°L [YA] 00 6G°C clLe 1671 00 - 16 10°€ g'c 00'¢C ¥8'¢C €L'e S0 14
Y% €'l 9.0 S0 €6°¢C 90'¢ v2'e 00 - 1.9 16°¢ 00 S0'e Sy gl'e Sl 144
Gqc’L 6c’L 280 00 l2°¢ 6v'¢ 19°C 00 - 8¥'6 196 00 VAR 1G¢ 1GC 0l €C
6C'L ge'l G680 00 08¢ 66'¢ €0'e 00 - fa41% G9'6 00 68'C [0h4 00'¢ 00 [44
9¢g'L ov'L 980 00 19'¥ L9V €L'¢e 00 - v.'GE A 74 00 8G'¢ [4h74 0L€ 00 74
8yl 40" 96°0 00 129G 196 €LYy 00 - L¥'S0C S veC S'Lve SL'v €29 98t 00 0c
1971 09'L 90'L 00 G669 €9 €L'S *x4 L9°ey 80'v¢ 70'8¢€ g'8Ll L ZA°] €C'8 €9 00 6l
08'L 6.1 oz'L 4 669 9’9 Sv's 0'G6e 19'¢ 99'¢C 8L'¢C G'6E 68'6 €801 S00L 00 8l
9Ll 8.1 oc'l 00 129 L1'9 oL's 00 9.0 6€°L G6'0 00 6191 GL9l g6l g'e Ll
€8°L G6'L 12') 00 cL'6 Lv'8 Ggz'8 00 280 0s’L 10°L 00 9€91 86°LL 1,02 0Ly 9l
10°¢C oL'e ST 00 6v'LL 6091 06'LL 0've 680 40" cL’L 00 6511 LTYL 9L'LL 09l Sl
SLe T4 vl 00 S0'S 86V YA 4 ozcl 16°0 99'L jrA 00 0591 1002 1081 00 i
6€°C [4°x4 G9'L 00 3 4°) 12’9 9/.'S 00 oL’ 68°L 9¢g’L 00 ol'ee GC'9¢ 16°¢c Sy €l
6.°¢C €6°¢C 00¢ 0’8 18 €L Gcel 122" 09 8¢'L 60¢C 6v’L 00 GL'€S 8¥'6¢€ ov'sy G'ee cl
08¢ G8'¢C c0'¢c 00 G6'9 €L 29’9 *WAS 4" 62'¢C Gl 00 12°0C 19'%L glel G'08 L
vZ'e 9z'e cr'e Sl X4 6C'¥y v0'€ 0'€e 9L 89°C 86°L 00 G99 28'6 90°L G0 ol
€L'e 6G°¢ 6L°¢C 00 8¢'¢C 09'¢C Go'L 00 86°L 96°¢C €e'¢C 0L LL°L) .91 oczelL 4 6
14744 8L'Y 8¢€'¢ 00 6v'¢ G8'¢C 1871 00 1€¢C 1G¢ 0LC o€l 96'C¢ ocey Ge'ee 00 8
€9'G 90'S e’y 00 28'¢C Lc'e 70'C 00 SlL'e Le'¢e Gee 00 €e'8/L L6°LLL LELLL 0'99L L
00’8 €6'9 989 00 9c'e Sl'e ov'e 00 99'¢ G6'¢ 18C 00 - ye'8€L 86°'L¥L 0'€6l 9
L8l L1191 V.6l 00 88'¢ [4*h4 06'¢C 00 €q'y 26'S (%4 g'Le - 70°68 LLLLL (VNA4" S
99°/1 L€9lL 688l SLLL 19V 9v'S 19°¢ 00 9€'e 1784 8y'e 0'G - ve'ee 19°6¢ GLLL 14
or'L 0s’L 10°L 00 909 889 (A4 00 70'v V.G 8Ly 00 119 8Y'L 969 00 €
Lyl 8S°L el 00 09'8 GlL'6 899 o'l 18'S 6G°L 0S'S 00 Sl'6 oc'LL 1.6 g'Ge 4
09'L 19°L 14 00 L0°€l 09°¢Cl 68'6 00 25'6 8,01 128 00 c0'S 16°¢l 1G0L 00 3
I'oN I"oN ['oN _mo_%_wwwwgw_\,_ I'oN IoN I'oN _wo_mw_wwwwym_\,_ I'oN I"oN I'oN _mo_mwu_wwwm_\,_ Ir'oN I"oN I'oN _mo_mm_wwwo_\,_
eIl M el HEMELEZ| WeD M= el HEMELEZ| WeD Ml el SEMELEX| el eI MEl SEMELEXS
youny uoneydioald youny uoneydioald ouny uoneydioald Jouny uoneydioald | Aep
BERY el ERY BNl ERY BNl ERY e B

Jaquieoaqg Hzl

JaquianoN H |

19go0 Hol

Jloqueldes He

(ww:yun TH8)

(#00z ‘tequiaoa( - Jequiaydes) Hzl ~ He3F002

(enunuo)) (S00T - 100¢) Jyouni pue uoneydioard Ajreq

(RCC) (5 00T ~ 1007) FEHWH - Bl H "€ 9198l

| Bulletin of FFPRI, Vol.10, No.1, 2011




ASANO, S. et al.

66

e 622 60°€¢ G'16 18°2h YT vy 25705 0201 vZ oLl 92°¢6 8v'ezl G661 62 9¢°0¢ 2082 089 _ﬂomk
90} 10°) 0L'L S0 98°0 €6°0 [ 00 Le
090 G50 2.0 G'S 621 0g'l oLz 00 oLl gLl 9e'L 00 0¢
250 70 990 00 09’} 89| 162 00 vl sl vl 00 62
950 050 0.0 00 e ¥5'2 ge'e GY 16 16T 88°C 00 18} g8l €Lz G0 8z
290 G50 8.0 00 i 1571 86°L gz e 80 €6 00 19} 0Lt 98'L GGl 4
8.0 890 260 00 260 160 9g'L 00 9Ly z8¢ LY 00 9Ll (kA 8Z'L 00 9z
Z8°0 9.0 0L GG 601 GL'L €9'L 00 0L'g 0Z'S v.9 00 8zl 9e’L Ll 00l o174
€L0 120 L0°L 00 izd 25 80C G0 0.9 ¥2'9 zeL G'9¢ (o] 9Ll AN 00 14
98°0 6.0 8Ll 00 €6°) 102 z5C 09 GL'e 8LC 20°¢ G0 6LC 18T 18T 6’8z €z
L0'L ¥6°0 el 00 0s'C 69C 16T 50¢ 9.°¢ e 65 00 160 G50 050 09 44
vl ar'L Lz 00 290 120 6.0 00 SLY 9/°¢ L9°Y 00 9'0 870 €70 00 [
€5'C 29T zle GGy 120 180 €80 Sl 1€9 20 0,9 00 9'0 050 S¥°0 00 (or4
L0 24" 19°0 G0 690 120 180 00 506 969 6.6 Ge 050 S50 050 00 6l
5 40] 870 G9'0 00 9.0 €80 880 00 or'L 69'G 592 05z €50 850 050 00 8l
S0 6t°0 890 00 10°) 90'L Ll 59 GL'8 86'G 106 Gy ¥5°0 85°0 €50 00 Ll
A 4d0] z5°0 ZL0 00 180 €60 960 oL z0°€z '8l 1682 Syl 950 650 150 00 9l
z5°0 950 9.0 00 680 660 960 Gl 826 Ll GZ0L 08 790 190 090 00 Sl
150 650 Z8°0 00 ¥8°0 960 160 00 v.°0 €L°0 £6°0 00 020 120 G9°0 Ge 14
€90 ¥9°0 160 00 260 0L 90'L 00 080 18°0 €0l 00 - - - 00 €l
8.0 6.0 v0'L 0Z 0L 4%} 8Ll 00 06°0 260 6L°L G0 - - - 00 4"
Z80 €80 [ 00 99'L vl 8Ll Syl €0’} S0’} eel 00 - - - 00 bl
160 00'L 9zl 00L oLl 8Ll 0z'L 00 62’1 LeL ¥G'L [ 00'L 180 660 00 ol
120 9.0 96°0 00 L) 0z’ A 00 90'L 4% 0g'L S0l €0’} 280 090 00 6
680 €80 Ll 00 rah yrah 8zl 00 160 €60 S0'L 00 €60 680 290 00 8
19') 99'L 102 g1z Ge'L 6e'L €71 00 za yra ¥S'L 06l 760 G6°0 890 00 A
790 790 £6°0 00 vl (K (o 00 850 950 ¥9°0 00 0L €Ll 280 Ge 9
€90 990 €60 00 8g'L 191 99'} 00 €90 19°0 890 00 00} v0'L 120 00 g
690 2.0 1oL 00 /8L 1671 16°) S0 690 290 110 00 10 gLl 980 00 14
080 180 L G0 622 zee ve'e o¢l 120 990 ¥8°0 00 6L} (oo G660 G0 €
88°0 880 og't G0 Gz 502 802 00 6.0 9.0 €60 G0 9e’} 8l Ll 00 4
16°0 96°0 Ll 00 7T 82'C L2 00 980 680 ¥0'L oY 89'L g8l oVl 00 }

WoN TN TN osocegay| TON TN TN opodomon| TON  TON  ION a0 Bon| TON  TON  ION s een

ME I MET Mel SEHHELZE| Mel M MEel HEMELZS| WeDI MET MEI HENELEZ| Mel MET MEI HEMBLEZ
pgouny uoneydioald pgouny uoneydioaid pgouny youny Aep
BRY Bz ERY B Ry ERY B

udy Hy yoley He Aeingeq Hz Aenuer H|

(ww:yun T}eH)

(5002 ‘udy - Atenuer) Hy~ H 1335002

(enunuo)) (S00T - 100¢) JJouni pue uoneydioard Ajreq

(RCC) (43 500T ~ 1007) EIHWE « B H "¢ 21qeL

WIZRAT g 55 10 % 1 &, 2011

N

=]

/N
Vi

FAK

K&



67

Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Statistical report of hydrological observations at the Sarukawa

experimental watershed (January, 2001 to December, 2005)
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Table 5. 1987 £EH 5 2000 FEOBIMER D FFRZE
Corrigenda of observation value in 1987 to 2000

e F£AH R 1IE h A £AH iR na
Site name year/month/day Error Correct Site name year/month/day  Error Correct
=15 (BEKE) 1987/05/15  Z=## (blank) 0.0 I5iR 1994/05/26 2.14 1.59
FZi5 (BMEKkE) 1988/08/20  Z=## (blank) 0.0 ISR 1994/05/27 0.51 1.07
Zi5 (BRKE) 1988/12/31 224§ (blank) 0.0 1 5iR 1997/03/19 - -
ZiH(BRKE) 1992/06/21 ZEHH (blank) 0.0 I5iR 1997/03/20 0.01 -
T2 (AKKE) 1992/08/09  ZE4# (blank) 0.0 ISR 1998/11/18 0.18 0.39
Bi5(AKKE) 1992/11/10 24§ (blank) 0.0 ISR 1998/11/19 0.60 0.38
=15 (BEKkE) 1997/11/14 Z24# (blank) 0.0 I&iR 1997/03/08 0.16 0.19
oI&iR 1997/03/09 0.05 0.14
ISR 1997/03/10 0.05 0.14
ISR 1999/08/19 17.72 25.05
I&iR 1999/08/20 20.17 13.68
ISR 1999/08/21 5.56 8.62
ISR 1999/08/22 7.21 6.23
I&iR 1999/08/23 8.10 5.61
ISR 1999/08/24 3.98 4.54
ISR 1999/08/25 2.90 3.64
ISR 1999/08/26 4.81 3.31
I&iR 1999/08/27 1.62 2.65
ISR 1999/08/28 243 2.28
I5R 1999/08/29 2.16 2.02
I&iR 1999/08/30 2.68 2.01
I5iR 1999/08/31 1.54 1.81
I5R 1999/09/01 2.33 2.13
ISR 1999/09/02 1.60 1.67
I&iR 1999/09/03 1.75 1.48
ISR 1999/09/04 1.16 1.79
ISR 1999/09/05 2.36 1.62
I&iR 1999/09/06 0.82 1.47
I5iR 1999/09/07 1.38 1.28
ISR 1999/09/08 1.28 1.32
ISR 1999/09/09 3.02 2.69
I&iR 1999/09/10 3.25 3.06
ISR 1999/09/11 4.18 5.14
ISR 1999/09/12 2.61 2.76
I&iR 1999/09/13 2.26 1.93
I5iR 1999/09/14 59.08 71.97
ISR 1999/09/15 55.66 49.09
ISR 1999/09/16 22.97 17.12
I&iR 1999/09/17 21.08 21.49
I5R 1999/09/18 149.51 170.22
I&iR 1999/09/19 92.02 70.46
I5R 1999/09/20 20.39 24.02
I&iR 1999/09/21 17.37 16.05
I5iR 1999/09/22 28.66 28.05
ISR 1999/09/23 69.78 67.84
I5R 1999/09/24 90.29 102.90
oI&iR 1999/09/25 35.97 27.45
ISR 1999/09/26 12.34 13.36
ISR 1999/09/27 10.31 8.19
oI&iR 1999/09/28 6.76 5.82
I5R 1999/09/29 511 4.50
oI&iR 1999/09/30 4.00 3.62
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Table 5. 1987 £ 5 2000 FEDHAEREMDIEHE (DDE)

Statistical report of hydrological observations at the Sarukawa
experimental watershed (January, 2001 to December, 2005)

Corrigenda of observation value in 1987 to 2000 (Continue)

=B £AA ES IE R £ARH B2 IE
Site name year/month/day  Error Correct Site name year/month/day  Error Correct

ISR 1999/10/01 3.32 3.06 ISR 1999/11/22 0.32 0.33
ISR 1999/10/02 2.84 2.63 I&iR 1999/11/23 0.73 0.63
ISR 1999/10/03 2.49 2.34 ISR 1999/11/24 0.32 0.45
ISR 1999/10/04 2.13 1.95 ISR 1999/11/25 0.40 0.37
ISR 1999/10/05 1.83 1.77 I&iR 1999/11/26 0.34 0.32
ISR 1999/10/06 1.71 1.64 I5iR 1999/11/27 0.40 0.32
ISR 1999/10/07 1.57 1.50 I&iR 1999/11/28 0.26 0.35
ISR 1999/10/08 1.96 1.53 ISR 1999/11/29 0.33 0.31
ISR 1999/10/09 0.96 1.28 I5R 1999/11/30 0.31 0.30
ISR 1999/10/10 1.21 1.17 ISR 1999/12/01 0.48 0.37
ISR 1999/10/11 1.16 1.15 ISR 1999/12/02 0.53 0.73
ISR 1999/10/12 1.1 1.05 I5R 1999/12/03 0.44 0.36
ISR 1999/10/13 1.01 0.98 I5iR 1999/12/04 0.33 0.32
ISR 1999/10/14 0.96 0.94 I&iR 1999/12/05 0.36 0.38
ISR 1999/10/15 0.90 0.85 ISR 1999/12/06 0.34 0.32
ISR 1999/10/16 0.80 0.76 I5iR 1999/12/07 0.32 0.32
ISR 1999/10/17 0.72 0.70 ISR 1999/12/08 0.32 0.32
ISR 1999/10/18 0.68 0.67 ISR 1999/12/09 0.32 0.32
ISR 1999/10/19 0.66 0.66 ISR 1999/12/10 0.31 0.29
ISR 1999/10/20 0.66 0.64 I5iR 1999/12/11 0.27 0.26
ISR 1999/10/21 0.61 0.59 I5iR 1999/12/12 0.25 0.24
ISR 1999/10/22 0.58 0.58 ISR 1999/12/13 0.24 0.24
ISR 1999/10/23 0.58 0.58 I5R 1999/12/14 0.24 0.24
ISR 1999/10/24 0.58 0.58 I5iR 1999/12/15 0.24 0.24
ISR 1999/10/25 0.58 0.58 I=R 1999/12/16 0.24 0.24
ISR 1999/10/26 2.67 2.49 ISR 1999/12/17 0.24 0.24
ISR 1999/10/27 2.00 2.20 I5R 1999/12/18 0.24 0.24
ISR 1999/10/28 0.81 0.93 I5iR 1999/12/19 0.24 0.24
ISR 1999/10/29 0.80 0.71 ISR 1999/12/20 0.24 0.24
ISR 1999/10/30 0.66 0.64 I5iR 1999/12/21 0.24 0.24
ISR 1999/10/31 0.85 0.57 ISR 1999/12/22 0.24 0.24
ISR 1999/11/01 1.41 1.58 I&iR 1999/12/23 0.24 0.24
ISR 1999/11/02 0.62 0.81 ISR 1999/12/24 0.24 0.24
ISR 1999/11/03 0.81 0.79 I5iR 1999/12/25 0.24 0.24
ISR 1999/11/04 0.75 0.68 ISR 1999/12/26 0.24 0.24
ISR 1999/11/05 0.61 0.55 ISR 1999/12/27 0.24 0.24
ISR 1999/11/06 0.53 0.53 ISR 1999/12/28 0.24 0.24
ISR 1999/11/07 0.50 0.48 ISR 1999/12/29 0.24 0.24
ISR 1999/11/08 0.46 0.46 I&iR 1999/12/30 0.24 0.24
ISR 1999/11/09 0.44 0.43 I5R 1999/12/31 0.36 0.24
ISR 1999/11/10 0.53 0.42 mSiR 1991/12/10 8.69 0.31
ISR 1999/11/11 0.32 0.42 mEiR 1991/12/11 8.70 0.32
ISR 1999/11/12 0.96 0.86 mSiR 1993/10/06 0.63 -
ISR 1999/11/13 0.31 0.40 m=iR 1993/10/07 0.00 -
ISR 1999/11/14 0.39 0.38 m=iR 1993/10/08 1.79 -
ISR 1999/11/15 0.36 0.33 m=iR 1994/03/24 1.84 1.30
ISR 1999/11/16 0.32 0.32 m=R 1994/03/25 0.67 1.21
ISR 1999/11/17 0.32 0.32 m=iR 1994/05/12 2.26 1.65
ISR 1999/11/18 0.32 0.32 IR 1994/05/13 0.77 1.38
ISR 1999/11/19 0.39 0.32 mSiR 1994/07/20 0.64 0.44
ISR 1999/11/20 0.26 0.32 ISR 1994/07/21 0.21 0.41
ISR 1999/11/21 0.32 0.32
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