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Mass production of conidia of Sydowia japonica, a candidate of
male-strobilus specific biocontrol agent for preventing
the pollen dispersal of Cryptomeria japonica

Hayato MASUYA ", Yuuri HIROOKA ", Mitsuteru AKIBA " and Takanori KUBONO "

Abstract

Reduction of the pollen counts of Cryptomeria japonica is required for control of Japanese cedar pollinosis
in Japan. The fungal parasite Sydowia japonica is under consideration as a biocontrol agent for male strobili of
C. japonica. This organism has been shown to be virulent only against male strobili and seems to be a potential
candidate for the control of the pollen dispersal. However the fungus has never produced sufficient numbers of
inoculum on the artificial solid media for the application in the field yet. Here we report a series of experiments for
mass production of conidia of S. japonica in artificial media. No teleomorph was induced on any artificial medium
but conidia were easily produced on several media. Liquid medium based on Czapek-Dox and yeast extract was
most useful for the production of the conidia. Additionally, culture condition was optimized for the rapid and mass
production of the conidia. This study contributed to development of the application of S. japonica as male strobilus-

specific bioherbicide.

Key words : Sydowia japonica, Hormonema, Cryptomeria japonica, spore production, bioherbicide

1. Introduction

Allergy caused by pollen of Cryptomeria japonica,
which is so called Japanese cedar pollinosis, is one of the
serious allergies in Japan. Twenty five million Japanese
suffer from the pollen allergy, thus effective procedure
are required for the control of pollen dispersal. One of the
options is breeding of cultivar of C. japonica lacking pollen
production (Saito et al. 1998). Indeed several cultivars
lacking pollen has been developed in the program of Forest
agency in Ministry of Agriculture, Forestry and Fishery of
Japan. However, a difficult problem about C. japonica trees
already planted remains to be unsolved. Transplantation
of all trees with pollen-lacking trees takes time, cost and
efforts. Thus additional options for reduction of pollen
counts should be also considered.

Recently we found a fungal parasite on the male
strobili of C. japonica. This fungus was identified as
Leptosphaerulina japonica in the past (Kasai 1917,
Kobayashi 1970) but is now treated as Sydowia japonica
(Hirooka et al. 2012). Most interesting feature of this
fungus is that it specifically infect only to the male strobili
of C. japonica. This feature enables us to consider the
fungus as a candidate for the control of male strobili of
C. japonica. Hirooka et al. (2013) conducted the artificial

inoculation to C. japonica and showed that the fungus was

JRRARZAT R 25 4E 7 H 1 H Received 1 July 2013

useful for the control of the male strobili and suggested the
advantages of S. japonica as a biocontrol agent for male
strobili of C. japonica. However, because they use mycelial
mass as inoculum and directly inoculated the fungal mycelia
to each male strobilus, their preparations for inoculation
experiments were laborious and time-consuming. This can
be extensively improved where mass spore production and
inoculation using spore spraying are possible.

Thus, the objectives of this research are as follows; 1)
to evaluate a range of growth media for the production of
spores, 2) to optimize culture condition for mass production

of inoculum.

2. Materials and Methods

2.1 Fungal strain used in this study

The fungal strain used in this study was established
from single ascospore discharged from ascocarp on the
male strobilus of C. japonica collected at Nishi-Aizu,
Fukushima, Japan in Sep 2008. Before isolation, ascocarp
and ascospores were observed and confirmed its identity.
The strain was maintained on potato dextrose agar plate
at 20 °C until use. Also the strain was deposited as NITE
P-757 and preserved in National Biological Resource Center
(NBRC), National Institute of Technology and Evaluation
(NITE) in Japan.

JRREAZEE - FRK 25 4E 11 A 7 H Accepted 7 November 2013
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2.2 Growth test on agar media

Agar media used in this study are as follows: MA (Difco
malt extract 20 g/l, agar 15 g/l, EBIOS yeast extract 0.5 g/1),
MEA (Difco malt extract 20 g/l, Difco Bacto Peptone 1 g/l,
Glucose 20 g/l, Agar 20 g/l), PDA (potato dextrose agar,
Nissui), CMA (corn meal agar, Nissui), CYA (Sucrose 30 g/l,
NaNO; 3 g/l, K,HPO, 1.0 g/I, MgSO, 0.5 g/l, KCI 0.5 g/1,
FeSO, 0.01 g/l, Yeast Extract 1 g/l and Agar 15 g/l), YM
(Difco malt extract 3 mg/l, Difco yeast extract 3 mg/l,
glucose 10 g/l, peptone 5 g/1, agar 15 g/l), V8 ( V8 Juice
50 ml/l, agar 15 g/l, CaCO, 0.2 g/l), G25N (25 % Glycerol
Nitrate Agar: NaNO; 3 g/1, K,HPO, 1 g/l, KCI 0.5 g/1,
MgSO,. 7H,0 0.5 g/l, FeSO,.7H,0 0.01 g/l, Difco yeast
extract 5 g/l, agar 15 g/l, pH 6.0. After agar was dissolved,
250 g glycerol to 750 g medium was added.). Mycelial
plugs (5 mm diameter) were transplanted from the original
isolate to each medium. The cultivation was performed
in Petri dishes at 20 °C for a month for all culture media.
Spore production and its morphological characteristics were

examined for each medium during the incubation.

2.3 Growing test on liquid media

Three types of liquid media were selected in this study.
They were expected to induce spore production based
on the knowledge from the above growing test on agar
media. They were PD (Difco potato dextrose broth 2 %),
ME (Difco malt extract 2 %) and CZ (Difco Czapek-Dox
broth 3.5 %, Difco yeast extract 0.15 %). Mycelial plugs
(5 mm diameter) were transferred into the 100 ml of liquid
media in 200 ml Erlenmeyer flasks, and were shaken at 120

rpm speed under the condition at 18 °C in the dark. After

2 weeks, morphological and cultural characteristics were
examined. In addition, all of fungal cells were filtrated
through the 0.22 pm nitro-cellulose membrane (Millipore,
co. Itd.) and well dried at 60 °C overnight. A drop of
liquid media containing fungal cells was observed with
stereomicroscope (DM2500, Leica microsystems co. Itd.).

Dried fungal cells were weighed.

2.4 Optimization of culture condition

To optimize culture condition for mass production
of spores of S. japonica, we examined two kind of liquid
media with various C/N ratios. ME and CZ liquid media
were used as basal media. Each medium were emended with
different volume of Difco yeast extract (0.2, 0.75, 1.5, 3,
and 5 %). Different concentration of basal media (1, 2, 3, 4,
5, and 10 % for ME, 1, 2, 3.5, 5, and 7 % for CZ) emended
with 1.5 % Difco yeast extract were also tested. Mycelial
plugs (5 mm diameter) were transferred into the 100 ml of
the liquid media in the 200 ml Erlenmeyer flasks, and shaken
at 120 rpm at 18 °C in the dark. After 10 days, morphological
and cultural characteristics were examined. In addition,
all of fungal cells were filtrated through the 0.22 pm
nitro-cellulose membrane (Millipore, co. Itd.) and well

dried at 60 °C overnight. Dried fungal cells were weighed.

3. Results
3.1 Growth test on agar media
Colony appearance was different among the media
used in this study (Fig.1). Although white to cream colored
colony was usually developed, dark colored colony was

developed only on the media containing malt extract. There

Fig. 1. Colony appearances of Sydowia japonica on each medium in a month.
a: MA, b: MEA, c: PDA, d: CMA, e: CYA, f: YM, g: V&, h: G25N.

BMKR BB 5512 % 4 5, 2013]
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are no aerial hyphae on each medium excepting MEA.
Dense colony was developed on the CYA, YM and MEA
media but not on the V8 and CMA. Growth rate was not
different between the media excepting G25N. There was

Fig. 2. Budding conidia and hyphae of Sydowia
Jjaponica embedding in the PDA.
Scale bar = 20 pm.

the conidial production on PDA, CYA, MA, MEA and V8
media. Conidia were produced as budding spores directly

from hyphae (Fig.2).

3.2 Growing test on liquid media

Mycelial mass were developed in the two media, PD
and ME, without spore production. However, in the CZ
medium, conidia could be abundantly produced (Fig. 3).
Budding conidia and short mycelial fragments were included
in the CZ medium (Fig. 4). Each Dry weight of fungal
cells on each ME, PD and CZ was 1.1, 0.7, and 1.85 mg,
respectively.

3.3 Optimization of culture condition

In the media based on ME containing 1.5 % yeast
extract, maximum dry weight of fungal cells was yielded in
5 % and 10 % of malt extract (Fig. 5A). When 5 % of yeast

extract was added to 2 % malt extract, dry weight of fungal

Fig. 3. Status of Sydowia japonica in each liquid medium.
a: PD, b: ME, c¢: CZ, in 10 days incubation.

Fig. 4. Conidia and hyphae of Sydowia japonica in the CZ liquid media.

a: conidia, b: budding fashion of conidia and hyphal fragment. Scale bar = 10 um.

|Bulletin of FFPRI, Vol.12, No.4, 2013
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cells become maximum (Fig. 5B). All of the fungal state
was mycelia in the ME-based media.

In the media based on CZ containing 1.5 % yeast
extract, the maximum dry weight was yielded in 2 %
Czapek-Dox broth; however, it was mycelial state (Fig. 6A).
When over 3.5 % of Czapek-Dox broth was added, the
fungus became produced budding conidia. 5 % of Czapek-
Dox broth was required for maximum yield of dried cells in
the conidial state (Fig. 6A).

Where concentration of Czapek-Dox broth was fixed
as 35 g/l, maximum dry weight of the fungal cells was
yielded in the medium containing 50 g/l of yeast extract.
However, it was mycelial state (Fig. 6B). When under 15 g/l
of yeast extract was added, the fungus became produced
budding conidia (Fig. 6B). There are few differences on the
dry weight between the medium containing 2 g/1, 7.5 g/l and
15 g/l of yeast extract (Fig. 6B). As results, maximum dry
weight of fungal cells was expected in the liquid medium
containing 50 g/l of Czapek-Dox broth and 15 g/l of yeast

extract.

4. Discussion

One of the objectives of this research was to evaluate
a range of growth media for the production of spores of
Sydowia japonica. As result, conidia could be produced
in the several media. Conidia were produced as budding
fashion and it was just like as Hormonema-like form.
Although S. japonica is reported to have a Hormonema-
like anamorph (Hirooka et al. 2012), we found that several
media were not always useful for spore production.
Difference of conidial production between media may be
explained by carbon concentration and C:N ratio. Indeed,
C:N ratio are known to affect spore yield and quality
(Jackson & Bothast 1990, Schisler 1991). Carbon-to-
nitrogen ratio of cornmeal agar which was not suitable
for spore production of S. japonica is known to be 22:1,
but those of PDA and V8 media on which conidia were
produced in this study is 10:1 (Wyss et al. 2001). Thus
increasing nitrate concentration is expected to increase
spore production. On the basis on the result of growing test
on agar media, we selected three liquid media, PD, ME and
CZ for spore production and found that CZ was the most
suitable medium for spore production.

To optimize culture condition for mass production of
inoculum, we added different volume of carbon (Czapek-
Dox broth) and nitrogen source (Difco yeast extract) to
the CZ-based liquid medium. High volume of yeast extract
resulted to promote mycelial state to the yeast states. This
clearly suggests that S. japonica dimorphic changes depend

on the nitrogen concentration. Such nutritional stimuli have

BMKR BB 5512 % 4 5, 2013]
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been extensively studied in many different fungal groups
(Madhani & Fink 1998, Sanchez-Martinez & Perez-Martin
2001, Herrera & Sentandreu 2002), however, in some case,
the morphogenesis such dimorphism seems to depend on
more on the nitrogen source than on the N concentration (e.
g. Sanna et al. 2012). Further growing tests using different
nitrogen source will be also important for clarifying the
mechanism of dimorphism on S. japonica.

The conidia in the liquid medium were produced by
budding fashion and typical of Hormonema-type anamorph.
This was also observed in the agar media, thus there seems
to be no differences of conidial morph between media.
However, we have to consider the quality of conidia for
using as the biocontrol agent. Actually, there are reports
that C:N ratio is affected not only spore yield but also
germinability, pathogenicity , and virulence (Jackson &
Bothast 1990, Schisler 1991). Germinability seemed not
to be affected by C:N ratio of the medium, because all
of conidia easily germinated and became mycelial state
on PDA agar (authors, unpublished). There are known
to be significant variation in protein and lipid content of
spores (Jackson & Bothast 1990). Thus, we should test the
pathogenicity of conidia produced in the liquid medium.

In this study, we succeeded to produce conidia in the
liquid medium and established the procedure for mass spore
production. The result of this study can greatly improve
application of S. japonica as a male strobilus-specific
biocontrol agent for C. japonica. Two ways of application
can be considered on the mass conidial suspension. One
is for spray application. As also Hirooka et al. (2013)
suggested, conidial suspension form is most suitable for
spay application, which is used for many biopesticide and
bioherbicide. Other is for rapid preparation of inoculum.
Only a few conidial suspensions can be used as seed for
mass production of conidia in the liquid medium. In this
study, mass production of conidia was achieved within only
a week. Conidial suspension is not only easy for handling,
preservation and useful for preparing of inoculum, but
also can be applied for industrial mass production in liquid
culture in large fermentation vessels which have electronic
controls and monitoring. Consequently, this study highly
contributes to the development of the application of S.

Jjaponica as a male strobilus-specific biocontrol agent.
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New pest fungus gnats (Diptera: Mycetophilidae) of oyster mushroom,
Pleurotus ostreatus (Jacq.: Fr.) Kummer

Masahiro SUEYOSHI ", Hajime KOSAKA " and Yasuaki MURAKAMI

Abstract

Three species of fungus gnats, Brachypeza armata Winnertz, 1863, Mycetophila ishiharai Sasakawa, 1991, and
an unidentified species of Rondaniella Johannsen, 1909, were reared from oyster mushroom, Pleurotus ostreatus
(Jacq.: Fr.) Kummer. Among them, B. armata is suggested as a pest of cultivated oyster mushroom to cause gill-knot
disease of the mushroom as Allodiopsis domestica (Meigen, 1830) does. The three species reported here were smaller
than A. domestica and were larger than 1 mm in body size. We suggest that covering the inoculated logs of the oyster
mushroom by 1 mm mesh screen net, which has been used for control of 4. domestica, is also effective to control

these three species.

Key words :  edible fungi, lotonchium, Japan, Nematoda, Pleurotaceae

LIIUBIC

Y Z X1 Pleurotus ostreatus (Jacq.: Fr.) Kummar (I [E A
T 2,000t HFEODEREIND (MREFFT, 2013), BHED
COUEDTH B, TDHEFERIE 1974 4 LLUE M N
U. 1989 fEICAERIAE FE &R 35,716t IS SR ALTEMN, F DRI
DK TOD (K, 2010; MREFIT ,2013)s ©T 2T D
APEIR AR R & PRI 2 R < RAGERIR TIA < fThN T
BO., FELEEMTD 3R ERWIRO 2 IR TRE
FERD 32% DL b7z 6% (FREF T, 2013) 6

eI 25 owEL LTOR T SEEm ( HAKMY
JREREEY | 2000) CGEFFE T 2T E TSR ) DR SALN
T3, #EIZ 1980 FERICEMRIE L ERIETIRE SN
T(EES, 1983; &+, 1983) Ltg, BETERILL S
M EFTORMTHSN S (HH,2012) , TOWEFI
FRED 1 T Totonchium ungulatum Aikawa, 2001 IZ K> Tk
TR FREDVFZICHZI N (TH) DRI NS TH
HWOFETHS, TOMADENEZLLTHINEFH
& / 28I Allodiopsis domestica (Meigen, 1830) DI 5 1
TW5 (Tsuda et al., 1996), X MEFHF/ I/NTDY)
Hide T 27 FRIROFEMBEZBNTRAT S, O
B, b Zzdic FREMDEEN TR, MU FH
KD SEERE U 72 I ungulatum O FKGEHE § B} R D IR 72 52
% (HEH, 2000) o T O, EIANTIE. HT SKZFE
Wl 2rhoflGonicd: / anNTHeE LT, M
FHF NI JE (FFR) Allodiopsis Tuomikoski, 1966 D

JERERZ A« K 25 4E 7 F1 30 I Received 30 July 2013

KEEM E FHE T 2 F ./ TINT Mycetophila ruficollis
Meigen, 1818 (= M. lineola (Meigen, 1818)) A1 5 71T W\
5 (AW H/ E,199%0; )15 ,2000), £z, &5
RWICFHETHF ) ANTHE LT, WBHTNHNYF
3 7N I & Brachypeza Winnertz, 1863 @ 2 ffi (B. bisignata
Winnertz, 1863, B. radiata Jenkinson, 1908) & X >+ I &
/ NI Mycetophila ocellus (Walker, 1848) VAT SN TV
% (Chandler, 1978).

2010 RIS RMAR G BEZEAT LN ST (HEAT) HENT
MRS I N FHEARAL I 2 TIcAS SHEMREEL,
DT RTNEF ./ INTHED 1 FOPHLZiERE LTz (
/NS, 2010) o 2012 FEISTT D NI EABRAS T E AR D
HEMWHER I N, oI 2R ELRF
J ONTHENY F ) 2N D Brachypeza armata
Winnertz, 1863 T& = 7z, F 7z, 2006 i K77 RN T
BWMENTEHEe S 2 rhoF I3/ aNTgoM
Mycetophila ishiharai Sasakawa, 1994 & & X3/ JNTJE (
PR ) Rondaniella Johannsen, 1909 OK[EEFE =147z, &
FRTOHFLVWEERRE L TINSDF )/ aNTHZ
WL, BICRSOH A FFEF / I HE DXARD
L. BIBRTIEEDORE 2175, K. A Tt
U T ARG AEAR T2 3R EAR L U TN RIC
REINT VS, JFEFREDHGEX T & LT =F (2008)
IZ. B AF ) aNT g OGSO FHRE I Yu et al.
(2004) 12> 7z,
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2. F J anNTHOJBREMTEH
S anNyF J a)NI (H W) Brachypeza armata
Winnertz, 1863
S HAR(FEdE) [T ; I—awos, a7 (T8
H I ) (Zaitsev, 2003)
MEEA 20102, AHIL(FRATRARRKEE),
9.ii.2010 $RHEY ( BEHIARIG T 27 ) | 22.i.2010 Pk (HZk5E
FEAY). 12712 §,16xi.2012 SR (R R#KEE L 527 ),
3.xii.2012 FUb (FZERAEA ) .

FERDAZLEE & hFED 5 DX F =

R (Fig. 1a) OAE (HEED SRR E T) OFY
3" 47 mm (n=11; 44-4.8 mm), ¥ 4.4 mm (n=21;3.3-52
mm) TH O, mi#E (Ai#RHRETD S pi@ /e £ T)
DFEHIE & 3.4 mm (n=11;3.0-3.7 mm), ¢ 3.5mm (n=
20; 2.9-4.1 mm) TdH > 7z, HEFIZHFEOTHDO., BT
Wt TH o Tz, fAIEE D 3 & (AT, BEET. 51
ANETFEEES ) X IEB T H O, BN B S
FTRHEEOTH > Tz WEBEmMILIEEEBTH D,
B S BT RIS I T T dH o Tz M
(B ) & BB (RabEi ) &L < IR Tdh > T,
HRR R ISR ARIC 4 RORIEZ HZ Tz, #idll (Fig.
1b) X BRIV S IEHTH S D, 1k (Hifg=E
o) BN ETIEAZHETTEL, 81 8% @) mh b
5445 BRZE (1) W E TOEN I KO 4+5 BE (149)
HEC M R AN B o T2, NG, IS8 7T,
BELHT - JRET - [CEIOEIEREE A TH > Te, T ORI
52 S/ INETE S 173 ORFIRIC M AN O M OR|E K
D & KEVNIZER B2 Tz (Fig 1e), IR 1-5 Hild
g, SO 45 IREAHEEX Tk,
DR ES (Fig. 1d) DA i (gonostylus) D HE /524
(Fig. le: vb) BB ITICHELE=METH T, IEEHE9
FRERE & < FE LT 1 W OIEIRZSI (Fig. 1d: vp) BE X
TWz,

Ao 2 roEdh LTHIcHSNS ST I E
FAHE/anNIhE, FICUTORENEHICE>T
XA E N2 fid A /N 25 BT EOIR KD R (Seli et all
2000) (S WG EAOHITHEZETDH 5 ) ; HH LailEik
(anepisternum) IZHIEZ E Z % (Seli et al., 2000); Fi#H
P KOk w77 IS 7 W5 B 72 £5 D (Fig. 1b); IEE0HEY
W DB NI AR L < 29 S (Fig. 1a); HEEBHRET -
S JeimIc B A2 R D (HEZEZBTHEETHS)
(Fig. la); F ORIMES 2 (H/NEICMADND % ; 7 REH (
JEERER o HiLIRE OREE ) IXIRIER 7, s fiz b EX
CHEETH S, LYW (Fig la), B 7 FEOREAZ
IR R BN R o NG, Fiz, S 9 Hillg
WROIFIRFENSHRENTAEARAL OB EH LS TH S
(Zaitsev, 2003) o LU, S 0G5 NTAEAD SIS 2
Nfiid KU AR BRSO TEIRAY Zaitsev (2003) T
IRENTROR EFRICIZIE T B 720, O T FEORE

A L[l fE &k U Tz

AV INT F 2 F / AINI Mycetophila ishiharai Sasakawa,
1994

A HAR AN, JUN TGRS - M 1, 2012)

AR AR 7579 9, KPR EB KT = HET AL,
18.1.2006 £¥HL (B4 T 277 ), 7.ii.2006 PUE ( HHIRAEA )
;1211 % [AlE, 8.4i.2006 SEHE (HIRAEAS ) .

FERDFEE & gD S DX Bl =
DRI AT « /[ 2012) THELZE D E[FH—
T% D fk:o

b A/ aNTJED 1 # Rondaniella sp.

SR HAR[ M T,

AR 1719, Ky B E% KT = EIT AR,
18.i.2006 £¥HL (B v = 277 ), 8.1.2006 P b (HIZHEA )

AR DRAE & a5 DX B =

B (Fig. 2a) OFRE (BATAD SIEEAREE T ) 1& o 2.8
mm, ¥ 35mm THO, §i#E (FH#FTRHREEL D S a1
FIHET) & I 26 mm, ¢ 32mm ThHolz, HHAIEE
WIcHEBTHO, HIEIZEATH -z, lAmIdHET
HO. WEFTO L 4, 5 B OZHF T TV, i
IR EBTH D, MR ZRHEET % 4 Z2DOBME A
JNHERCHTT 7T TRABRIC 72 > TV 7z B O AR & T I I
Wtttz B2 Tz /MR R8T Th -
Tzo I (Fig. 2b) I 2RISR REN D > 1B TH D,
U LR (3 AMEE NI ) ISR, TR ERIC G A
Biid o 7 552 IR (Cu2) DBZICH;te btz 5
ATV H 1B (AD Z2ARICEERTH >z,
. BERICE T, KRN K CIET RN
EZ Tz ZHRET G IE A Th - Tz STHEER
W 1-5 Hi R COEMITIA S BEET, 85 2-5 Hitr gtz
ISRt 2 B2 Tz SIEEBIEE 13 i X TOER
A< EET, 8 2, 3 HiFROBBOEEOETHD, F
4, s HIERIGIESIEEE T, A EaTH o7, 7%
EBICHEERES 6, 7 HitSAR « EARIZ ARICIHERTH > 7,
HED AL 2 (Fig. 2¢) D L5 i (gonostylus) D HE 77 24k
(ventral branch) (Fig. 2d) (ZHAMRICXAIITE % 5 DD IC
D, S (upper branch) (22 8O K L Seiwhd
Bz ozME%Z. SMUI93 KL (outer branch) (& 4 DDMIE
EENTNEZ TV,

L XAF ) aANTBIEMDOF / aNTFENELLTFDXS
IR RERIHE I CIKBIE B (Seli et al., 2000); Rij A FiC
AN A TZMEZ B 2 % 5 h 25 A (laterotergite,
mediotergite) \CMITEZ B Z % ; dinifxk (Sc) St & ik
Ik (O) ICHEWT 5 5 8B 1 &R (R EHR (-m) O 2 584
FOEEINS % ; Bk -m) ZEEAOHEEENCTT LT, &
DICAELTWVS 5 1Pk (V1) ORI PIR (M) A
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1. F A7 v\ F/ J)NT Brachypeza armata D LBEANBIEEE,  a, o BKHUEITE . b, ARTHSIHE (c, BTFE 1, 28 1 £
s, O A4S TR o, SAHIIAGE 2, 3 (/N . d, S SRRERMEI (vp: BRERES 9 BIFRIRIEE ). e, A5 2L SRbn AN 1H X
(vb: E/TZSEE ) AEHURETI AL THHH, MEICK > TRATMNELS C LICHE, REHOMETIE., &
FOIZIR L gl 2 BHIRIC 9 5 78, SEBOMIFEOHEIZ EHIE L7,
Fig. 1. Gross morphological features of Brachypeza armata. a, adult male in left lateral view; b, right wing in dorsal view(c, costal
cell; 1, 1st radial cell; r,.s, 4th + 5th radial cell); ¢, male right 2nd and 3rd fore tarsomeres. d, male genitalia in ventral view
(vp: ventral process of 9th abdominal sternum); e, right gonostylus in dorsal view (vb, ventral branch of gonostylus). The left
and right gonostyli are same in shape but are shown as different in shape when they are viewed in different angle. All setae of
the genitalia are omitted for illustrating the Fig. 1d, e.

2. EXAF/ N JED 1 1 Rondaniella sp. DRLBRIVESIEHE, a, & UM ; b, AHTATETH (C, B ; Cu,, 55 2 i
IR s M, HR s M, 55 1 R S R, B T BRI 5 m, BEHRR ; Sc, HERTRRIR ); ¢, & SR ARAEMITE (ub: EJ577KL, ob: SHAI
3K ); d, GRS ZERNTE (ub: BAEL, ob: SMIIGEL ),

Fig. 2. Gross morphological features of Rondaniella sp. a, adult male in left lateral view; b, right wing in dorsal view (C, costal

vein; Cu,, 2nd cubital vein; M, medial vein; M, 1st medial vein; R, 1st radial vein; r-m, radial-medial crossvein; Sc,subcostal

vein); ¢, male genitalia in left lateral view (ub, upper branch of gonostylus; ob, outer branch of gonostylus); d, ventral branch
of right gonostylus in inner view.
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HHtN TV, eI 5Pkl XF / anTid
FETHANSHISGNTNS Y O AF/ INT R
dimidiata (Meigen, 1804) & A B XF / /NI R. japonica
(Matsumura, 1915) 5L D K 5 %R B RER R CTIX B &
N5 hifEiE RARIC BT, BaERZE;
ARSI RIS O RE 2 R B @3 BRIk 5
(Fig. 2b); & IHBEER i B B & 5D (Fig. 1a)o

3. 5%

REARIRAEATIN I THRE S NIz v T 2 7N
CRIRICHER Lz, COTHREANDIRRBEF /aNT
FHOHENFEREIN, PHE L2+ / NN EHO RO
JENNOFRROZFENER TN TS (MRS, 2010) o
INSOF/ ANTHISEOHETHL T anN) &/
ANRNLTTHBT ENgholz, FAZanN)F /) a/)RLT
BEIRXTHISROBNFETHHLEEZADND, T
RTHISRZHENSTZF/aNNTHELT, TNET
AEOFINEFHFE /AN OENT W, BIX
THTSEOBAFICHT B Tl AR NIz,
W OHDEE (22 21X, Tsuda et al., 1996, Fig. 2; [ ,
2002, £ 3 [ ; {2012, X1 -5) TR S5 N2 ERENRHEIE.
FIFEFHF/INTOZFNEXIDENYF/ONT
BOMOZFNLZILRLTWVD, TNHLOEREICEX
Ni=F /7 anxzEeFAruany F /) aNTOBRIZH
5 TIEAEV, I XTHATSNEOHRNE L U THEEE
DF/ ANTHENAT SHEDEFICEE L TVWE EE R
B

LIS RTICEET L/ aANTHELTAINTF
F/aANT L AF )/ INTEOFEZ YO Tildk Lz,
NPk Lize I 2 riciAWIE R s Nah -7z,
AAEDOLAF /) ANTEDOHFLEDC LT, YRY
Ot AF ) ANINLFEZTICEHEET BT ENHISENT
W5 (M, 1937) o £z, AINTFIF/anNTidx
JFRITICEHEETDZTENHENTVS (ML, 2011 K
& - M, 2012),

FIFEFHF/INTICE BT RT AT SHFEOR
FRICIEHEE 1 mm O Z AWz 3y MR
TH3 (41,1983 BIIS,2001; HF S, 2002; #H,
2012) o FIFEFHF/ ANTORITHE (4.0-4.5 mm:
Zaitsev, 2003) & LGS B &, AT aN) F ) aNT
(2.9-4.1mm), A ¥NTFIF/ I (3.34.2 mm: K-
Kb, 2012, B XFONNTED 1 (2.6,3.2 mm) T
ZTHOMBEEE . ThbB, hY A XHV/NE, L
MU, R 3 FEORYT A X 1mm KO & 71
RKEWESD, FIMEFHF/ aNTICKBHFITHL
THHENTNS, [CkOE D EHEZFOMED %Y M2
FIfT2CeT, TNHDOF/ aNTHEHRL, HE
ZBHBR T 2 EMARETH B L EZ B NS,

i
FHAaNYFE ) ARTORIEICKE L. GEEEs
Wz 72z T Kjaerandsen L (AW 2 —7 >, VYRR
YIS T Bo

5 SRR

AHARK « B KBS - AHIZE (1983) fRRIC K B L
FRTD TORTIE(RF) ) IKDOVWT, HREES
5527 MUK R THE S 4R | 43.
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Comparison of forest carbon stocks between canopy conditions in
two typical dipterocarp forest types in Peninsular Malaysia

Tamotsu SATO 1)*, Kaoru NIIYAMA 2), Tsutomu YAGIHASHI 3),
Mahoko NOGUCHI”, ABD RAHMAN bin Kassim ¥ and AZIZI Ripin”
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Key words: aboveground biomass, canopy gaps, tropical rain forests, REDD

REDD+ (“Reducing Emissions from Deforestation and
Forest Degradation and the Role of Conservation, Sustainable
Management of Forests and Enhancement of Forest Carbon Stocks
in Developing Countries”) is a key strategy in mitigating climate
change. Because the implementation of REDD+ depends on the
measurement of forest carbon stocks, long-term monitoring of
forest dynamics can facilitate the accurate estimation of changes
in stocks. To investigate temporal and spatial changes in carbon
stocks, we estimated aboveground biomass using tree census
data collected at long-term ecological research sites in Peninsular
Malaysia. Here, we report changes in aboveground biomass under
different canopy conditions in two typical dipterocarp forests.

Since 1992, we have been studying forest dynamics in two
6-ha plots in Peninsular Malaysia (Fig. S1). The Semangkok plot
(3°40°N, 101°40’E) is a hill dipterocarp forest dominated by Shorea
curtisii (Niiyama et al. 1999). The Pasoh plot (2°58’N, 102°18’E)
is a lowland dipterocarp forest (Hoshizaki et al. 2004). In 2011,
we censused canopy gaps in both plots. Each plot was gridded
into 2400 5-m x 5-m quadrats. A canopy gap was defined as a
quadrat having a maximum canopy height of <10 m (Fig. S2a).
To compare biomass between closed canopy and gaps, we
estimated aboveground biomass in 150 20-m % 20-m subplots in
each plot, each comprising 16 quadrats. The canopy condition
of each subplot was designated according to the number of gap
quadrats (Fig. S2b) as Gap class (>9 gap quadrats), Closed low
class (5-8), or Closed high class (<4). All trees with a diameter
at breast height (DBH) of >5 cm were censused in 2000 and 2010
at Pasoh and in 2001 and 2011 at Semangkok. The aboveground
biomass was calculated from the tree census data with allometric
equations developed by Kato et al. (1978).

Nearly 15% of quadrats were in the Gap class in both plots
(Fig. S3). Neither plot had been disturbed in the 10 years (e.g. fire
and wind storm), and the overall tree mortality rate was around
2% year . Aboveground biomass decreased as the number of gap

Table 1. Mean annual increment of aboveground biomass
(Mg ha™ year") between three canopy condition
categories. These values were calculated using the
10-years period data from 2001 to 2011 at Semangkok
and from 2000 to 2010 at Pasoh. Values within
parentheses indicate the standard error of each class.

Canopy condition Number of

categories gap quadrat Semangkok Pasoh

Closed_high class 0-4 2.47  (1.00) 072 (1.73)
Closed_low class 5-8 -8.15  (4.71) 4.08 (0.89)
Gap class 9-16 -15.79 (14.89) -3.10  (5.63)

JEREZA © AR 25 459 H 18 H Received 18 September 2013

quadrats increased (Fig. 1). Differences among the categories were
smaller in Pasoh than in Semangkok (Fig. 1). In Semangkok, the
density of trees of >90 cm DBH was relatively high in the Closed
high class (Fig. 2a), and the change in the density of these trees
was responsible for the change in aboveground biomass, especially
in the Gap class (Fig. 2c, Table 1). Aboveground biomass in the
Closed_high class was smaller in Pasoh than in Semangkok (Fig. 1),
owing to a lower density of large-diameter trees (i.e. DBH > 90 cm)
(Figs. 2a and 2d). Moreover, increases in density of trees of
50-90 cm DBH in the Closed low class increased biomass, while
mortality in the Gap class decreased biomass (Figs. 2e and 2f,
Table 1).

Thus, differences in stand size-structure, especially with
large-diameter tree density, cause fluctuations in forest carbon
stocks. Our results suggest that monitoring of stand structure and
the distribution of canopy gaps are important to understanding
forest carbon dynamics and could provide basic information for
forest carbon monitoring system under REDD+.

This study was supported by the Global Environment Research
Account for National Institutes, Ministry of the Environment, Japan.
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Fig. 2. Comparison of stem density in each DBH class among canopy conditions.
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Supplemental materials
Additional supplemental materials are provided in the online
version.

Fig. S1. Locations of the plots.

Fig. S2. Definitions of canopy gap on the basis of vertical
profile and spatial profile.

Fig. S3. Spatial distribution of canopy gaps in the plots.

URL : http://www.ffpri.affrc.go.jp/pubs/bulletin/429/
documents/429-x.pdf
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a) Vertical profile b) Spatial profile
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In this example, this subplot is judged as Gap as it has 9 “gap” quadrats

10m l;lll EEE

a) Semangkok b) Pasoh

Smm

v
A

300 m

€«— 200m ——>

€« 200m ————>

._.‘1l\|
I \
Ml RS

Gap: 14.2% Gap: 14.6%

Fig. S3. Spatial distribution of canopy gaps in the plots. Grey parts show quadrats
judged as “gap” . Contour interval is 10 m in Semangkok and 1 m in Pasoh.
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Variations in fruit production of Japanese rowans
Sorbus commixta planted as street trees
- Data recorded between 2001 and 2009 in the six cities of Hokkaido -

Shigeru MATSUOKA

Abstract

Variations in fruit production of Japanese rowans Sorbus commixta were recorded for nine years in the six cities (Wakkanai,
Obihiro, Kushiro, Asahikawa, Sapporo, and Hakodate) of Hokkaido, northern Japan. There were differences in fruit production
between individuals and between cities. Fruit production all over the study area also differed between years.

Key words : Japanese rowan, street tree, fruit-bearing tree, fruit production, masting

EHE

JLHEEN 6 #3TH (MEN. RIL. JIE&. BN, ALIR. BfE) T. 2001 ~ 2009 4EicFF A< RO R
EEEOMEZITo Tz, T T AT ROMEICIK, BAZE, AHEEENASN, FiEEe

HCTRFEMERDED SN,

F—U—FFFA~ R EERE, RSRA REALER. BN

1.IIC®HIC

HERBHZ . Bl L YEERE O UEE . AR 2.
Bissh s & LA BREZ B L T\ % (HEF T 2006, {1
FIIX 2009), #igM & U T2 aBE NI
ZHY, HiEKIC K O AR ORI K E < Bix s,
@ 3m L EDEARICOWTHER 27 o iR Tk, 2
B TIEAFav, YOI, TVYFERZ0ON (REHE
WRTZFNTN., 8.6, 74, 72%). dtiHETEFFH~
R Sorbus commixta ( E=EAREMEHEIE 2.9% TIAGLIE 8.
SENAERECHEIE 15.3% TIEAMLIE 1) ORERDZ 0 (A
BRI, L - 1K 2009 K O EHE), £, ki
T, TR OKRE LTHF A< ROEE SN T SH
£ 2 < (KFEF 2007) G ERICHLEN TV, Lo IE D T,
FFAR ORI, eI RV, LIVFRY, VI3 L
YUY B EDOBMICE > TRESN (REA 1991,
N 2006), HEEBDBICE > TEMOSZIENTTD
RBHEHEBYERO—DICE>TWV5S, RIEEFHEROLHE
. TNCHKAFS 2 B 04EF, 178). ERRICKEE
BIBHEEZLND,

FHEE, DAoL Tto, REBEHE (<K, &
IRV ) OAREDOTHIZE) AR IEO LR & DO

JEREZAS © K 25 4E 8 1 9 [ Received 9 August 2013

BREALSMCT ZHNTRHERIT> TEH, T T TiE,
B U TR E Nz F T A~ RORFEFERICDOWD
TIOFEMIC O 2GR ET > TR HE T %,

2. A K Uik
AbHEE O ALER (HEWN ) S (v BB ), HoesB (il
FLISE ). R ES (BBE) D 6 EP T2 RT, 2D O i T,
2001 A= 5 2009 4D 10 AHICHE 21T - 7o TR
., A NI TIBDOWVWTEY FOfELTD
EREEZFMA RN THEZ L, FREORE
KK BREOWEN DI EEER LT 10 HICHREL
Teo FLIRZFRWNT, FEBOdbimE kg ShEtk X 2tk
R 5IFIF 2 km DINOEEE IR TN TWEFFh
< REFEERNSE L, 7272, Ja)l. LTy 7
BOBBRTRABEICHR S NIZFTF AT RIZDOVTELHE
Le (BNETOY Y7 IVEE, EITRREREEDK
23%. WA TFE 31% TH -7 ). LIS DOV TIE, 7
MER AU FE AT AL EE S i O 2 W5 & Uiz, &
FEOPFEARBUZ. HEN 23 — 37 (ENFEAE AT 45). #HF
JIs 42 — 44 (7] 44). $I#& 44 - 51 ( [\ 59), fWEJI] 41 - 53 (7]
61), FLI 48 - 57 (Al 74), BEEE 56 - 60 ([ 69) T > 7z

JERESZI L SERK 25 4F 10 A 25 H Accepted 25 October 2013

1) TR RITZEAT LIEESZFT  Hokkaido Research Center, Forestry and Forest Products Research Institute (FFPRI)
* MR EDIZEATEWEE T 305-8687 JIkIRD < IXTIKAOD H 1 Research Planning and Coordination Department, Forestry and Forest Products
Research Institute (FFPRI), 1 Matsunosato, Tsukuba, Ibaraki, 305-8687 JAPAN; e-mail: shmatsu@affrc. go.jp



180 MATSUOKA, S.

FHEARDAMEZ KIS 7Ty b U, 6 U Z #EE LT
B U 7-A. AEESRIRIC & D S BSOS R el Ok S
Holee BETHICBI ZFAEABOELIRIE, MEBEDKR
X2 E. FilcGPFABEARDBICH> TV,

REAEPER O /575 E. MR (2012) ICHEWV, A5SEAE
RS EICHE L., RIEEEROHTE 21T Tz, #
FREE L. BHIC K D SARORL KI5 RO &
BHEZUW L, &< EIMTOTOIRVIREE 0) 5. 30
% LUFODERETR (1), 30-70% FREOHEREE ().
FNLULEDOZREEEF 3) T TO 4RI Lz, iz,
EER T ORERBEOFIIE ZA 2 5 HINT, SEliT
10 AR E DA Z FET, HET Y2V A AT Thiss L.
FHERFIC AT £ TOM{SR & LEig Uz,

COMETIE, ARDOKFIZE O B G 5K #
DBEXFEEZRDZ T LI LEVD, FEHEEEMN2, 3
DEREGDEFD 50% ZZ ZEEEEIP BB R
BUFRE L E 2, £FNHN10% RiGOEEREDOHE
EEZ. TN DEDHE 2 AT,

KIS s 2

Tables 1-6 1, 6 #RTHIC I % BH4E. SAHIAD FEFLFLLE
FEFAEIE (REFEAARE FHEARE) 2R Uiz, [H—{H
Tk, FHOMFEREOERND D, FiF—FEET
AR OZERERD 5Nz, FFAFGIE, FEME, H
T RDEED b Nz EADKT IR O M BLTEI A %2
BHH . BAEMFIC Figs. 1A - 1CITR Ui, W UHH Tl
FEOM THEEEOHBEGOERNH LN, £z
CHEENTEATRICHHBE S OZRNRD 5N,

3.1, BEHOBERIKNR

HEP TR, FSEMED 2, 3 DEEREIE D EFD 50%
B Z %X, 2003, 2004 FDO2FEMIZEDTH D,
2008 FEM T NIC RS, Flz, TO3FEBORERAZE
. 962% LA ETH o7, WiT, FEERE 2, 3 Ok
HEOEFID 10% K DOFEIE, 4 [\ (2001, 2002, 2005,
2007 ) THoTee TNHDEDREFAEEIX, 529 -
66.7% T > Tzo AT FARIH O RF T TREFARED 2,
3 DEAREIG OEFHE 25.4%., FEFFEE 1 OE[EIE 523
% Td > 7z (Fig. 2)o

HIATIE, BEAEEDN 2, 3 DMEEEE DD 50%
A 2D, 2001, 2002 FEFRL THEBTH - 7z,
R 2, 3 DA EE DA 10% Al O FE X,
2001 FED AT > Tzo MERARENGIE. 2001 FEH 31.8%
ol ZlrE., M 86.4% LI ETH -1z, AR
MOREFYTHEFBEDN 2, 3 DMHEEEGDOEFE
59.0%. TEEEE 1 OHEE1X 258% THY (Fig. 2). A
U728 O Tl —F5RAEEE 2 & 3 DEEKEIGH, Z
nNEN1 L 0 DMEEEIE KD BN TH > 7z,

B ClE, FEERBEEN 2, 3 DMEEEEDOEED 50%
T Z TR R <, WIS Z DOARD 10% KO HEIE, 6

[ (2001, 2002, 2004, 2006, 2007, 2009 %) TH > 2o
WolED T, MEEE 1 OHENEHVONEETH >
Too FEFEAREIEIE, 2001 4D 182% TH o =D ZFRE,
63.3% L ETH - 7o, AW O E THE SRR
M2, 3 OEEEEDEEHT 9.5%, FEEREE 1 O
69.5% T»H D (Fig. 2). A7 LIZETH O CIXAS R D
2, 3OMAEENE > L BT TH > 2o HFEL
TH, WEEIPDVEZVONRMTH S, I EHILE,
B LI OHRTE > L bLET 20, FTHAT RO
ERIRMEE ST Bixo T,

JENTE. FEEMED 2, 3 OMEEEDOEED 50%
TR T2 4R 1E 2004, 2008 I TH o Tz, TD2HED
REHAREEGZ, 98.1% L ETH - 7z, Wi, FEEE
2, 3 OEIKEIEGDEEND 10% KO HF X, 3 [H (2001,
2007, 2009 4E) TH o Tz TOD 3 EROFEEAEIEZ,
60.4% LI T, & <1 2009 4id 5.7% EIRWETH > 7z,
AR T O EEY THRESRRE D 2, 3 OEEEHIE O
BEHE 31.3%., FEEEE 1 OFEX 40.5% TH - 7= (Fig.
2)e Tz, KEFIEE 0 OFEAEISIX 28.0% T, 6 HilEKD
FTEREEN ST,

LR TIE. FSEMED 2, 3 DMEEEIEDEFH 50%
A 7D 6 4EH] (2002-2005, 2007, 2008 ) TH -
oo TNHEDHFEDREEANEGIE, 93.8% L ETH-o Tz,
W AEFFLNE 2, 3 DIIAEIS D AT 10% ATHOE.
2009 (ED 1 [ TH - e, T2, FEFRAKEIEIE. 80.0% &
PR o T FH A HAR O R THRE SRR E D
2, 3 DfEAEEEG OEFHE 49.5%, FEEEE 1 OEEE
44.0% TH > Tz FEEUBRWAEDEIE (6.6%) 13 REdD
BRI DT A - 72 (Fig. 2)o

BT, FEHEIRED 2, 3 OMEREIEGDOEFD 50% &
M2 720013 4 4ERY (2005-2008) TH Tz, TNHDEDFESE
AREIEIE, 100% THY, FERAEHMPERKTD 933%
DAERARN G 25l Ek Uz, WS, FERARE 2, 3 OfE{AE]
BOERID 10% AOFEE, —EEEh o7z, FHEHHMH
DT THRERFRED 2, 3 OAKEE D EFHE 46.5%.,
FEERRE 1 OEIEE 508% TH o7z (Fig. 2). FEFE LRI
ROEIEE 2.5% T 6 #HOHPTE - EEEN ST,

32. FHIDEE

Figs. 1A - 1IC D SAEMDZERZH 5 &, 2001 Fi3, %
& BREHEE 3 OMEEKIZIRSNT ., FIfEHAE 2
DEREIE & LI & BEE D 20% THH 2D ZRRE 5%
IR ERWETH > 720 6 #HFE T, #EFERE2 O
TEAREIEIE 7.9% TH O, 6 AT DORFARE AT 54.9%
Tholeo Kz, 2009 FEE | HILZ RO TIIAERFEE 2,
3 OEAEIEIZE S (6 #BH I T, 21.4%). 2001 i
RAFEFEARDIELEZ BNTz, 6 W OREEAEIE X,
70.7% TH o720 2001, 2009 EiF, FLIRITE» R THF
F A< ROEHERBEZEIIARTH o7 (A0 2012), »
SIED. BFED6HMHTETHS L. MERE2, 30D

BMKR BB 5512 % 4 5, 2013]



Variations in fruit production of Japanese rowans Sorbus commixta planted as street trees 181
- Data recorded between 2001 and 2009 in the six cities of Hokkaido -
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Fig. 1A. The level of fruit production in 6 cities of Hokkaido from 2001 to 2003.
Wk: Wakkanai, Ob: Obihiro, Ks: Kushiro, Sp: Sapporo, As: Asahikawa. White: no fruits produced;
black: low fruit production; green: moderate fruit production; red: high fruit production.
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- Data recorded between 2001 and 2009 in the six cities of Hokkaido -
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Fig. 1B. The level of fruit production in 6 cities of Hokkaido from 2004 to 2006.
Symbols are the same as in the Fig. 1A.
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Fig. 1C. The level of fruit production in 6 cities of Hokkaido from 2007 to 2009.

Symbols are the same as in the Fig. 1A.
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- Data recorded between 2001 and 2009 in the six cities of Hokkaido -
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Fig. 2. The level of fruit production in 6 cities of Hokkaido. Data were averaged for the nine years
from 2001 to 2009.
Symbols are the same as in the Fig. 1A. Numbers indicate sample sizes.
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#£ 1. F7F 5= R Sorbus commixta DFEFEFEEDZEE (HEN)

Table 1. Variation in fruit production of Sorbus commixta in Wakkanai

ErES ERIZE -

Individual tree number Fruit production
2001 2002 2003 2004 2005 2006 2007 2008 2009

2 2 2 2 1

| m e O OO = = —m = N = N

N —m —m e e N, N — —
()]

*

*
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i I O, 0O~ 00000000 = = — — =
i [ NN N Y = I < R o i o SR U Y
| I SN, 00000 = — — = 4 4
1

NN e I N o e N o R e e R o I o I T S G G
|
|
|
1
1
OOMNMOOMN

I L, O = = = . O = - O0ON T 0O, 02000 " =2 2000 = =

1
1
NN W N W

W w N WwWwWww NN W

= e 2 b OO0, OO NO —m O =

TN = W2, ON WNNRNONN = = =N

A DD DWWWWWWwWwWWWRNNNRONNRNNNMNMNNN—= = = = 2 2 oo
DN SO0V AT RN 2O I AT RARAON - OO AOTNRWN OO A WN =
1

OO0 2O I — OO s s b O —

N
N
|
|
|
|

— = =2 2 W 2PONNW—L, WWN =N WNN W

— OO0 = = =1 2O aNN—= = N=-N1T W= = 2 |

45 - - - - - -
BIAEL No.trees (N) 23 27 26 30 34 35 36 37 35
$EFE AL No.trees bore fruits (A) 14 16 25 30 18 29 24 36 29
FERAZEA/N*100 609 593 96.2 100 529 829 66.7 973 829

*:0: 55275 L no fruits produced. 1: 2 &$E3 low fruit production.
2: REHEE moderate fruit production. 3: Z &% high fruit production. -: RF8Z not recorded.
** I — A INEERRFERE cause of data loss.  D: #43E death. C: fi#% cutting.

TR SIS 55 12 % 4 5, 2013]
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- Data recorded between 2001 and 2009 in the six cities of Hokkaido -

2. F7F 5= R Sorbus commixta DFEFEFEEDZEE (1))

Table 2. Variation in fruit production of Sorbus commixta in Obihiro

A=

Individual tree number

TERIZE

Fruit production
2001 2002 2003 2004 2005 2006 2007 2008 2009
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W OO0 I AT RN 2SO IARATRARAON - OO AOTNRWN OO A WN =
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0
0
0
0
0
0
1
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0
0
0
0
0
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1
0
1
0
0
0
1
1
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1
1
1
1
0
0
0
0
0
0
0
1
0
0
0
0
0
1
1

NWOOOOOONNN—D W= WWNWNINWWWWWWWWWWN=NWWNWWWWWWWw

ﬁ—‘NNN—‘—‘—\NoAo—'—-w—xwNww—‘NwN—‘wNw—‘NNNN—\—x—\No—-ww—‘w—‘w
ﬁwwOOOOoo—'Nw—‘NN—wawN—\Nwwwww—\Nwawwwwww—'wwwmwww
ﬁWWOOOOOo—t—\aNN—\—xNNwwN—\Nwwww—\Nwwwwwww—\wwwwwwww
ﬁNw—‘—‘O—‘Ooo—\o—n—\—\—'—\NNwN—xNNNNwNwNN—x—\N—-—nN—\NNNN—\N—x

- - D**
44 - - - D
A No.trees (N) 44 44 42 42 R
fE=AE Notrees bore fruits (A) 14 41 38 38 38 39 42 42 39
fEEAZIE A/N*100 318 932 864 864 864 886 100 100 929

*. 0: $53=75 L no fruits produced. 1: 2 &#E3R low fruit production.
2: RE#E3E moderate fruit production. 3: Z2#&3% high fruit production. -: KFH& not recorded.
** F— 2 INEEHIFEREA cause of data loss. D: #3E death. C: i¢f¥ cutting.
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Fruit production
2002 2003 2004 2005 2006 2007 2008 2009
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2001

BirES
Individual tree number

#£ 3. FF 5= R Sorbus commixta DFEEFEEDZE ()

Table 3. Variation in fruit production of Sorbus commixta in Kushiro
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Variations in fruit production of Japanese rowans Sorbus commixta planted as street trees 189
- Data recorded between 2001 and 2009 in the six cities of Hokkaido -

3. FF 5= R Sorbus commixta DFEFEFEEDZEE FIEE) (bix)

Table 3. Variation in fruit production of Sorbus commixta in Kushiro (continued)

TERIZE

2001 2002 2003 2004 2005 2006 2007 2008 2009

46 - - - - 1 1 1 2 1

47 - - - - 1 1 1 1 1

48 - - - - 1 1 1 2 2

49 - - - - 1 0 1 2 2

50 - - - - 2 1 1 1 1

51 - - - - 2 1 1 1 1

52 - - - - 1 1 - - - D

53 - - - - - 0 1 1

54 - - - - - 0 1 - - D

55 - - - - - 0 1 - - D

56 - - - - - - 1 1 2

57 - - - - - - 1 1 1

58 - - - - - - 1 1 1

59 - - - - - - 1 2 2
BIARZ No.trees (N) 44 44 44 44 49 49 51 49 48
FERAE No.trees bore fruits (A) 8 31 39 41 48 31 49 47 42
FERAREIE A/N*100 182 705 886 932 980 633 96.1 959 875

*: 0: $55=27% L no fruits produced. 1: D &#E32 low fruit production.
2: E#EE moderate fruit production. 3: Z&#&3 high fruit production. -: RFAZ not recorded.
**. F— R INEHRTEREA cause of data loss. D: #%E death. C: ¢#¥ cutting.
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TERIZE

Fruit production
2002 2003 2004 2005 2006 2007 2008 2009

2001

BirES
Individual tree number

£ 4. FF 5 R Sorbus commixta DFEEFEEDOZE (JE)I)

Table 4. Variation in fruit production of Sorbus commixta in Asahikawa
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Variations in fruit production of Japanese rowans Sorbus commixta planted as street trees
- Data recorded between 2001 and 2009 in the six cities of Hokkaido -

& 4. FF 5= R Sorbus commixta DFEFEFEEDOZEE (JE)I) (Fix)

Table 4. Variation in fruit production of Sorbus commixta in Asahikawa (continued)

BES fERIZE -

Individual tree number Fruit production
2001 2002 2003 2004 2005 2006 2007 2008 2009

46 - - 1 2
47 - - 1
48 - - -
49 - - -
50 - - - -
51 - - - -
52 - - - -
53 - - - - -
54 - - - - -
55 - - - - -
56 - - - - -
57 - - - - -
58 - - - - -
59 - - - - -
60 - - - - - -
61 - - - - - -

NN — N
NN

IS N WNNWNN =N =
N W NN W W

—_ N = W NDNN =N

J =m0 —-000—~—=—00—=0

BAEL No.trees (N) 42 41 45 44 46 51 53
$EE AL No.trees bore fruits (A) 9 39 41 44 36 50 32 52
FERAZEA/N*100 214  95.1 91.1 100 783 980 604 98.1 57

wllloocoocoocooooo ocoocooOo

*:0: 55275 L no fruits produced. 1: 2 &#E3 low fruit production.
2: REHEE moderate fruit production. 3: Z&#&3E high fruit production. -: K582 not recorded.
** 3 — A INEERFERE cause of data loss.  D: #53E death. C: fi#% cutting.
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#£5.FF 5= R Sorbus commixta DFEFEFEEDZE LI

Table 5. Variation in fruit production of Sorbus commixta in Sapporo

fERIZE *
Fruit production
2002 2003 2004 2005 2006 2007 2008 2009

2001

BirES
Individual tree number
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13
14
15
16
17
18
19
20
21

22
23
24
25

26
27
28
29

30
31

32
33

34
35

36
37
38
39
40

*
HGvooouvuoaoo

41

42

43

44
45
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- Data recorded between 2001 and 2009 in the six cities of Hokkaido -

&£ 5. FF 5= R Sorbus commixta DFEFEFEEDZEE LK) (Fix)

Table 5. Variation in fruit production of Sorbus commixta in Sapporo (continued)

BES fERIZE -

Individual tree number Fruit production
2001 2002 2003 2004 2005 2006 2007 2008 2009
46

47
48
49
50
51
52
53 -
54 1
55 1
56 - - 2

2

1

N W=

1 1

1 1

1 1
NN NhOOMNOO

I NN NN —m —
1
1
|
'
'
'
'
'

57 - -

58 -
59 - -
60 - - -
61 - - -
62 - - -
63 - - -
64 - - - -
65 - - -
66 - - .
67 - - - -
68 - - -
69 - - - -
70 - - - -
71 - - - -
72 - - - - - -
73 - - - - - -
74 - - - - - -

BIARZE No.trees (N) 53 48 51 49 55 54 57 55 55

#5528 No.trees bore fruits (A) 46 45 49 47 52 53 56 55 44

HEERAZEA/N*100 868 938 96.1 959 945 98.1 98.2 100 80.0

*: 0: %5527 L no fruits produced. 1: D &4#E5 low fruit production.
2: REHEE moderate fruit production. 3: Z&#&3% high fruit production. -: RF8Z not recorded.
** F— L INEFRRTREA cause of data loss.  D: #3E death. C: #% cutting.

I, O =, =2 NNNWNNO = = =W —
I =2 NN =N = WN = —m = 1 = N —

1

1
S NN WN = SN —=2NWWRNRNON = 1 N =N —
PN N =2 NNNNW—= = NWRNWNRN L = — N =
[ o JE QP S Gy Sy N [Py NG SO U G
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% 6. 7T F Sorbus commixta DFEFRIZFE DL (HEE)

Table 6. Variation in fruit production of Sorbus commixta in Hakodate

ERIEE *
t production

Frui
2002 2003 2004 2005 2006 2007 2008 2009

1]

2001

=
=

A
IndividuaT tree number

&

10
12
13
14
15
16
17

—_— — — — —

18
19
20
21
22
23

24
25

—_— — — — —

26

27
28
29
30

31
32
33
34
35
36
37
38
39
40
4

42
43
44
45
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- Data recorded between 2001 and 2009 in the six cities of Hokkaido -

&£ 6. F7F 5= R Sorbus commixta DFEFEFEEDZEE (HE) (bix)

Table 6. Variation in fruit production of Sorbus commixta in Hakodate (continued)

o EREE
Individt o tras humber Fruit production
2001 2002 2003 2004 2005 2006 2007 2008 2009
46

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63 - - - - -
64 - - - - -
65 - - - - -
66 - - - - -
67 - - - - -
68 - - - - - 2 2 1
69 - - - - - - 2 1 2
BIARE No.trees (N) 60 60 57 58 58 56 57 57 57
$EFE AL No.trees bore fruits (A) 56 57 54 58 58 56 57 57 54
FERARZEA/N*100 933 950 947 100 100 100 100 100 94.7

*:0: 55275 L no fruits produced. 1: D &$E3 low fruit production.
2: REHER moderate fruit production. 3: Z&#53 high fruit production. - KFE& not recorded.
** F— ZUNERRTREA cause of data loss.  D: #43E death. C: 5% cutting.
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1
1
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1

1

1

1
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