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Image] & & F3EMAERTTHIE L7 BEMAEIE, E2nfihs 0.678 Th o7z, L72h%>C, Image] DREIEMEIL,
BREHOMRO LI &L ERMFEOR ELMSTMT2EHEELTCHHAL) 2 EZE 2N &5,
WinRHIZO Tron 1% 1 DOM{EAENTIZH 60 5352552 L 25H 1), Image] (1 DOMEIEHTIIHL 2 ~34) &
WARTHIEHEBIIZIE D7 5058 Kk & 55 % B L7z JHEHLD 212 Image] & WinRHIZO Cilll%E L
TROF AR, HIGRGTORER, B ikEtfEi (0.919) 2781, Image] THIKZHLY) HRORDOFHAS
TRETH B xR L72ho T, AW THOW AN L Image] |2 & AH{ERITIX, ¥4 AOWB L
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Quick and inexpensive root and shoot evaluation methods using a scanner-based rhizotron system and
Image] in soybean (Glycine max) : Shinsuke AceHarA" and Atsushi Sanapa™ (" Gulf Coast Research and
Education Center, University of Florida, ? Faculty of International Agriculture and Food Studies, Tokyo
University of Agriculture)

Abstract : We developed a scanner-based rhizotron system composed of a wood frame and acrylic sheets to
perform non-destructive root evaluation. The main objective of this study was to develop a quick and
inexpensive method to estimate root and shoot traits of soybean (Glycine max) seedlings using our
rhizotron and Image], a free image processing program. Soybean seeds were sown in rhizotrons, and root
and canopy images were collected periodically over 18 days. Seedlings were sampled at the end of the
experiment for additional growth measurements. Root images were analyzed using Image] and two
commercial programs (WinRHIZO Tron for rhizotron images and WinRHIZO for washed root images).
For rhizotron images, root projected area measured by Image] and WinRHIZO Tron showed significant
linear correlations, with R ranging from 0.556 and 0.751. Leaf area measured non-destructively by Image]
and destructively using a leaf area meter also showed a high linear correlation (R* = 0.678), suggesting that
Image] is a useful tool to evaluate both root and leaf growth of soybean seedlings. Although WinRHIZO
Tron can provide additional root measurements simultaneously, it was extremely laborious and time-
consuming (up to 60 min/image) compared to Image] (2-3 min/image). For washed root images, there
was a high linear correlation (R* = 0.919) in root projected area measured by Image] and WinRHIZO.
These results demonstrate that our rhizotron combined with image analysis techniques using Image] allows
non-destructive, quick, and inexpensive root and shoot growth evaluation for soybean seedlings.

Keywords : Image], Rhizotron, Soybean, WinRHIZO, WinRHIZO Tron.
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Material

Width x Height X Depth (cm)

A Pressured-treated wood

36.8 X 40.2 % 3.8 (outside dimension)

22.8 % 33.0 % 3.8 (inside dimension)

B Acrylic sheet 36.8%X40.2%0.5
C  Polystyrene foam sheet 30.5%38.1%X1.8
a  Pressured-treated wood 7.0x33.0%3.8
b Pressured-treated wood 36.8% 7.0%x3.8

Fig. 1. Schematic representation of the rhizotron used in this study and the materials used to construct the rhizotron.
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Fig. 2. Workflow of a rhizotron experiment.

(a) soil core sampling to determine the soil bulk density, (b) packing the field soil in a rhizotron using a clamp to prevent swelling of

acrylic sheets, (c) adjusting the soil volume in a rhizotron, (d) soybean seeds sown 2 cm deep in a rhizotron, (e) a tomato seedling

transplanted in a rhizotron, (f) rhizotrons placed on a rack with 30° inclination to induce root growth along the acrylic sheet facing

downward, (g) overhead canopy imaging using a digital camera, (h) root scanning using a flathed scanner, and (i) root washing and

sampling.
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Fig. 3. Rhizotron images of a soybean seedling processed by Image] and WinRHIZO Tron for the root projected area measurement at 18 days

after sowing.

(a) original rhizotron image, (b) image processing by Image], and (c) image processing by WinRHIZO Tron. Different colors in the

WinRHIZO Tron image represent different root diameters.
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Fig. 4. Images of washed soybean roots processed by Image] and WinRHIZO for the root projected area measurement at 18 days after

sowing.

(a) original root image, (b) image processing by Image], and (c) image processing by WinRHIZO.

Fig. 5. Preparation of washed roots of a soybean seedling for root scanning.

(a) soybean roots placed in an acrylic tray filled with water, (b) spreading out lateral roots using round-tip tweezers, and (c) roots

spread out on a scanner bed with minimal overlapping.
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Fig. 6. Overhead canopy images of soybean seedling.

(a) original canopy images taken by a digital camera, and (b) binary images processed by Image]. DAS = days after sowing.
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Fig. 7. Leaf area development of soybean seedlings evaluated non-
destructively by canopy image analysis with Image].
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Fig. 8. A linear correlation between leaf area measurements using
LI-3100C leaf area meter and Image] on soybean seedlings
(n = 35).
LI-3100C and Image] were used for destructive and non-
destructive measurements, respectively.
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rhizotron images of soybean seedlings (n = 35).
DAS = days after sowing.
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Pressure chamber method has been widely used to
understand roots and shoots water relation. Using this

method, I'd like to try to know how different diameter of
roots, such as smaller roots and larger roots, impact on
water uptake in forests. (Moein Farahnak)
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LEEEOBE T OWEE ) 2 PIH§ 2B HEI S
T I —ADHEN 1 ~ 2 HUL T LRSS S 7z
DX A EE L ERORICE LEET R 4 oo T
HARFEAENME T 2R EETIIE L 0207z, 7/ A
TREFAM TRO T HEL Lo 2R TH 5.

— T, BHFEHROBETH L7 AmEEEYH
AT ANS N D 0 EHE, ERE, iil, BSR4
AT A7 RN —OHENEHOBR A R iERTH 5.
KD BRGELY FAAADTLEESEA S |

E#EE T 100-8950 ERAFRERSHE 1-2-1
E-mail: anakano@affrc.go.jp
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5 51 EMRAIFEES O OF
51th Biannual Meeting of JSRR

5551 [EHRAFGEEES A 2020 4E5 A 30 B (1) ~31 0 (B) 1T, BMNKRFRAF v Lo 32 (RERIAA
) 22 UCHfE L3 TIRIFSEES ) OSBLSNOT 653K - TGETRE T . IHESORRFIR
TOBMRITPID T LD £77. FHIIZH RWVIRSH T O CHEERORIEITEIE, AN - IR
WOBEHIZ b 2 2 EA CTRITIUL L o Tl £7°. 3 FEBHVEDLEDOE, 55> TCISMTE
. BEFLLTEY £

<H B> 202045H30H () 1250 ~5A31H (H) 12220
May 30th, 2020 (Sat.) 12:50 ~ May 31th, 2020 (Sun.) 12:20

<& B> MBI (A v 228 R) T390-8621 FEFIAAATE 3-1-1
Faculty of Science, Shinshu University, 3-1-1 Asahi, Matsumoto, Nagano, 390-8621, Japan
AT 7 A L ZNIX] Access

https://www.shinshu-u.ac.jp/access/matsumoto/#accesscont__traffic

<7Ful7 L ME (FE) > Program (tentative)
5H308 (1)
11:30-12:50  32f} Registration 78 A 4 —HE7~ Posters display
12:50-13:00 BAZD#RES Opening remarks
13:00-15:00 HEERE (FA=B)  Oralsession  (Student member)
15:00-15:30 FEfREE & A Group-photo & Break
15:30-17:30  ARAZ—3¥&5 Poster session
M 1T A VR EGIEDIER L CWDIRINE 2T, S R OBIRE O - Zama I
EBx, RS T F903, BERFARN-LET

5A318 (A)
9:00-10:45 HEPFER (—ix=H) Oralsession  (Regular member)
10:45-11:00 {KE Break
11:00-11:10  Z&#z0 Awards ceremony
11:10-12:10  #%> General meeting
12:10-12:20  PAZDOEES Closing

[FEMT, MREFFEEE HP ( http/wwwisrrjp ) T8 L ¥ 1]
Updated information will appear in http://www.jsrr.jp

<BIE> Registration fee (4 HIBTFANF VY

—fi%£8 General members 3000 FH ¥3000
—f%3ELE General non-members 4000 [ ¥ 4000
#4488 Student members iiiy S Free
2#4JEL S Student non-members 4000 F§ ¥4000

XA DZBITBNE LTI, S TR R BRAV N2 L ET.



<BM - FFEFERDOH LirA>  Registration

* SAEROTY B
SN « FEERHIA 1 2020 -4 H 23 H (OK) Registration for presentation: by April 23th (Thur.), 2020.
IS 202045 H 14 H (K) Abstract by May 14th (Thur.), 2020
SN LiAd:

2N - WHFEREROIH LIAZHT Google 7 3 —25 J 0 MEEEIHZ A L TEE < 7280,
Please write in the registration form by Google Form.

SN LiAZ 5 51E, FRLURLIZT 72 AL 7ZE0. Access the below URL.
https:/forms.gle/mcRbGZPWaSp8dxMs5

ROAND SN GEEREL) HFRETT Y, TEHUL4HA 23 0 K ETICHUARZ BN L ET.
It is recommended to submit the registration form by April 23h (Thur.), 2020.

FFKH  Type of presentation
HEEFER GER 120 HEEES 7 (/F) o3y (), T F7oid RAX—FER MHEIR

Oral presentation (12 min + 8 or 3 min discussion) or Poster presentation

FAEE 5 O Abstract submission
* EEERRHOMDEIY 20204E5 H 14 H (K)  Submit by May 14th (Thur.), 2020
MS-Word TYERL L7 B iR 2 A A — VOB 7 7 A LTk TIIZEW. A=V OFEIT
EEER & LT7E3v. EFA—/Lik D macky@shinshu-u.ac.jp
Send the abstract as MS-Word fileto  macky(@shinshu-u.ac.jp

<FHEEBDEEXFH> (A4¥~—) Styleofabstract
RIS R — L=V L EERREZ X 72— R TXET (http:/www, Jsrrjp/abstract form.doc) .

1. AMfR1~—1Z, E35em F16.0em /47 25em TOORAZID. (A4 -—T|27e D)
One page of A4 size paper with margins (top: 3.5 cm, bottom: 16.0 cm, right and left 2.5 cm for each).

2. BHIZHA DL - GEEEA - PR - #HSE (B A—LT FLR) Rt Lz, 11Thi TR
LAE<. Type the title, author(s), affiliation, email address and then abstract sentences.

3. ZA ML ALy T RDDVEFHHROKT < 10 RA > b 2 U7 (PR,
Use 10-point Gothic (Helvetica, Arial) or Bold Times font with centering for the title.

4. FREEA - TR - 8IS IR - 10RA U b - B F Y T BEESEHEINCAILD.
Use 10-point Times font (e.g., MS Times New Roman) 10 point, centering for the name(s) of author(s),
affiliation and corresponding email.

5. A : BAFLR - 9RA v MERLICTS.

Insert a break line under the affiliation, and then type the abstract sentences with 9-point Times font.

<FEHEZEERHM, BVWAEF%E> Contact

55 51 [FHRMIIEEE S I TZ:8 % Local organizing committee
HOHEAS (BINRFERFE)  T390-8621 REFIRAAATINE 3-1-1
Naoki MAKITA (Shinshu University) 3-1-1 Asahi, Matsumoto, Nagano, 390-8621, JAPAN
E-mail macky@shinshu-u.ac.jp
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[AL25—]
iy - 3 - REEZR Y, HRICEHDY OH L FINESOFHZ B 7TE T SV (E-mail : neken2020@jsrr,jp)
EN - WEsh, BEO R DEMWERA. 2H, SH, 8H, 1l HOARECILEFREBEFRIEL &, £

DBEACRITORFECHETE LT,

* B DO EMRERIIIEF TR TSV, EERESETIE, RERSCHIAMYIESLESND Z
LIFELHVET. HLAL - BVAEEIE, EEFEEETa 27 PLTRFSW.

*EEEH TR, EERBEOMUA I LI LTERSNET. TRON L X — T 2 & T\ T
b, RV THERT L), ERFICHMNEDETCHL I LEBEIOLET.

} AT OXED AAGEL T, MR ELFER TEEMICERLIZLDTT.

20214

HS1EIRZEES

51th JSRR Biannual Meeting
2020555 H30H (£)-31H(H)
EMRZZHFH (AR v /3 X)

May 30-31, 2020; Matsumoto, Nagano, Japan
http://www.jsrr.jp/

FRHAKEDI423  EEREE)S5/14

AR L UIERGEE TIROBIZE] RIRBFA — L= D
FHNz TR ESW

New!

T & B DAERRYE LG 6A

45th New Phytologist Symposium: Ecological and
evolutionary consequences of plant—fungal invasions
June 20-22, 2020; Campinas-SP, Brazil
https://www.newphytologist.org/symposia/45

FEEIE M FE S 6A

8th International Crop Science Congress

June 21-25, 2020; Saskatoon, Saskatchewan, Canada
https://www.icsc2020.com/

SEERY)  MEH4/1S RAHX—5/15

B0 EEMFEERR 6A

26th ICSPR Plant Reproduction 2020

International Conference on Sexual Plant
Reproduction

June 22-26, 2020; Prague, Czech Republic
https://www.iasprr.org/index.php?browse=news&nid=
52

&.FL2020 64

46th New Phytologist Symposium: Stomata 2020
September 11-14, 2020; Kaifeng, China
https://www.newphytologist.org/symposia/46

BIOET T IEMFERE 8A-9A  New!
10th Asian Crop Science Association Conference
(ACSAC 10)

August 31-September 3, 2020; Nagoya, Japan
http://acsac10.org/ HEHiEI3/31

BUEHR L A AR E IA
World Soybean Research Conference 11
September 6-11, 2020; Novi Sad, Serbia
https://wsrcll.com/

HEHEY) 7/1

HESER DM L HEAE
ER R T A
8th International Symposium on Structure and
Function of Roots (ISSFR 2020).

September 6-10, 2020 (ZFE DO R[REMEF U );
Slovakia

Prof. A. Lux (luxalexander@hotmail.com)

9H New!

T VT MRS 9A
Asian Conference on Plant Pathology
September 15-18, 2020; i

https://acpp2020.org/

FES2EIMRA RS New!
52th JSRR Biannual Meeting
2020411 21 H (1)-22H (H)
(EEDOAREMA YD)

HHERF T (FRAF v /3 R)

20214

BUNEEEFRFEFZR SV RTT A

11th Symposium of the International Society of
Root Research (ISRR)

May 24 - 28, 2021; Columbia, Missouri, US
http://isrrl1.org/
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BErFEFESSA

(2015 4F 9 AFAIME » 2020 4 1 A KRS E)
¥ Rl
HLS ARSE, BaFess (B4 FRL Japanese Society for Root Research, JSRR) & FRd 5. AL, 1992
F1H 1 HICEIESE LTRSS, 20134E 1 H 1 H X0 IRIFZE RS L Wird 5.
B2k REX, MYOR (oMo TaE 2 &Te, LITREE) BXOZEED &< REICET 2% 2 e
EHBELLEHIT, FAFEOTLOREAZEDDL 2B ETS.
FBISK RS, F2LTHELZHMEERTH-DIZ, DEOFELITRY.

L FRES - VUR T T AZOMOSE OB
=i Bt K OERSEE Plant Root] OTIAT
ARG B O b
(4% 7 > 0—] Hsofts
[EI B AL it O it

Z O, KO BB ZERT D DI LERFHE
& AZOFHEMIY, FBROFEME L, MW TINEZEDD.

54
3=
55 Ao BIL, MASEBIOMKRRELT 5. AASBIIASOBEICER L TAS LA, Fiks
BRI U ARG ICER L TAS L-HEE 213 L T 5.

F6k ARICARL LS LT 2581, K4, B, Wikt ToMonBEHEAZHR L2 GEC, SB%IRA
TARZICHLIAD D ET5. £, ASEEEL LD LT25A1%, TOEEZ CETRSICHER LARTIER
RV, ZIZTW) CEITEFHAELRD S,

TS 2B, TROESEZAIM LA TNER LAV, 2016 EFELIMOESEL, 1. BFREE0 L
DOfEAZER 3,000, 2. wEFREMFRSTERTGOMASE 4,000 [, 3. M FRESEOAEROMESE
9,000 M. 7272L, 1 2L CTHEEDHEY 95, EMICEY SBEZHWNLIZELAE, BESHWIcTs L
NdH5D.

%E

WAL ART, DX¥D&kAELEBL. 2R 14, REE 24, BEH 14, FHER T4, FRIEERES 14, i
FHEHL, FEASEERO %~10%% B LT 5.

9% SR TOMOBEEWBELANLEEEHIEL, AS2RETH. BISREISERHEL, 2RI
il b L EPRMICEY RIEL RDHBEIT, TORMEAKD L. AL, SB4EAETS. AR, mEA
SHEFHEL, ITT 5.

%10 5k SRIIMEAASEO TN LENT S, @HAFEIIINICIhEED 5. BIEE, BEA, EAEBLOERH
BREE FASEOHRNLEENEZEBT S

B 11 G HEOMLINX, 24L75. BT TEREORNRND 1256, %EHE OTITIHTE O RO
Lo 2R, SR, EEOAEMITER LT 5E EIFEETE R,

ZA=

W12 25 W3 SLTCTHELEFELZITT 200, BEAFEIIO VUL, ZTNENER (BLUZRER) &8
<. ZB (BLUOZEAER) X, 2EXEET 5.

2RO JiitT & S E

134 RKEOSHNE, 199241 H 1 HX W TSH, 2015 4F 10 H 1 H X W BYTONEROSRDNEH END.
W14 5 RAOWEIL, KEOHRBITBWTEHEL, HHEEOEEROEREZ L > TITH) 2N T 5.

BHHF oL L~

Pk
B ELI)
ROFT{EH
Bl DOFEMIZ 20144 1 A XY THEHESP LX) 2-22-4 FFNL L 2F  (BF) $E30N IRIFE 2 3
Rl T 5.
EERBIUVESRE
B2k 2020 4EFE - 2021 FEEDOSE L HEEREIUTO LBV THS.
S 5L (U060 RT05)
B - A MEKRY: KBRS
HZ{EF : O000
HEHE BN B (L 1)
S - ENCAFTEBARIE N A A e 2 —
HEER : AAAA

Pk
[AEEATEAE REREDT- DL L TH Y £77]
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1. AL, A 3RITESE, ARELZEDD.
2. AR, PO (ZOMOH FEHRE 2 &L, ITRED) BLOIE2IY & REICET 22O REICE
HL72b 0Tk LTRIIEFREZBY, ChaeREd5.
3. MRMPTEFARE L LTI, MUTEFREIRDTH, IRWTEERAAIERE, RAFZEEE A1l
FHRBE, B XORIFEFREHRERE 2B <. R FN I E I L ORI e A E I,
FRREOWMREZMG LT D (T TITHE
L LTRRSNTZODOT, D b0 80, RMPFEEROMEES - VRV LREDRE, HD
WIERFER ETRBICBII S TnD 2 &), RIS AR SCEIL, MORB LU &2y & < BREICH
T HEMICTHF G LIREERRBICE Y ROFIZE] £7213 [Plant Root] (AR SNIZILEMR LT D,
RBREE (BIZ1T, FERLTHLIRATH D7) DRV, RIS AR EIL, M ORs X
CZNZRYESREICETDANOBRICTHFS LIEHEARET D, RETHLINE I, £z, EHOF
R (B2IE, WL S5 Zilbrv. RITEFLEREREL, RFEFROMEER KT 2E8H 2N
FRRROWICRAZ —RREJNF LT D,
4. IRBFFEF AR CE I L ORI SEH RRE 2R SMMAELE TV TRb2E S LEBEES B O
WIEE 72 LN BHEBE O & - 7o/ BRI HOW T, ARIFEFARERRSCHIT [ROBIZE] £7213 [Plant Root) D%k
ZENOHBEO & S TR RICHONT, Wb IEEEN L, ZOfRRERERT, RRBIURISRE Wik
LTIREZATRD. 7212, SRBIVRISERD, RIFEFASAmCE B L ORI B S RRE LR E,
FEHPICHBET 228, HOWVIEHBEIND Z LR TE Ry, RIFEFRESBERE I EESN CRIEZITA

.

=
3
by

5

wICH, ARDTIEAA
7]

-
o

ULk

BEOHEROBME F 22 O B RZICHOWTIE, 265 TROVIED 5 20 & 1 522 50, FERICBR
BPLETFIV.
FEORFELPNIATOMY TH.

RIFE5222 E © Academic Awards of Japanese Society for Root Research

2215 H . The JSRR Award for Excellent Achievement in Root Research
FHFER]E : The JSRR Special Prize for Applied Root Research
FHFEmSCE : The JSRR Excellent Paper Prize

FAFEERIE : The JSRR Young Investigator Award

EFH#FE : The JSRR Excellent Presentation Award
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1. AFEHIMRICET 2 R0 0 [y oiE)y, Hi L3R - JEEai 23092 [l — b, ZHEOMZEE+
NN T2 [R=Lta—] , FFEOT—~ T D el |, PAEEYILDEZRG L LI SRTIEOBSE « TREH
NT5 HE, - vrRvoniRlo s, OkE) , WSS, [REOUgSi , 4=
Ay IR EOFRAESEL TOET. IRETIHERIN QWY y U OW T BB L ETOTIRE F S

2. JFEERRST, B, R, B — MoonWTE, BRI K AEEITHEASNT, B - M ARERERENIE LT

3. R IR EREEEI > T — 7 e E TR L, ERERSGICIIED TEW. AIRERIRY, Bmaldit > 7 A LV ETe
W37 —2 74 A7 L LTORMEBBEVCLET. FEL UTREZER E THIMWEDELZ3V. 7235, Bk THV R
Fai7z EITR LB L E A, RRTREID T e S FFRRE RS L TRV T R &S0

4. FELIAL ZIFRE LETD, AU p— LB COBRRRERBINLGA D, ELEERE LITEENEND XD
JERARSAHRR 334 Bl & B A s D T &V,

5. BFHVERIY, TEH7E0FRWECEHR L E3. FHIE LTES3H - 6H - 9H - RHDAEFTT, ZAVENDRITA TR
PeRGT R A o E LE T

6. FHIRE OCNDBHRHIH V A, T, FREFHLELH Y EHA. 72750, JFRERL - SO TAE L 53
FRORE DNV TIFATITAR L FHAOTI TR TSV, KEIFAIE LTEEASG TERLTF RV, 0tea 15
P LR ERRERGAICE, ERARHLUTHEEET. KL, 4 T4 VOPDREAY 7 —ME 2 £33, EIRIR
HlE LCHETT. AL D 7 —% ZHLOGAITIE, 7 —HIBORE %2 T8 2 & £
BRI Spdhii 2 MR ClERE L7~ HEIRIOBIRIZ A S H I A8 A CSOMHNL CIER L =9~ BRIRNGA,
WA 2 BN AL TS, BRI 1 B OFEAE I X125 x =8 TS, T — MO 7 —HIRE Ok
A, IBINOFEERA B L QWS E T

7. JFRER LOWREIZEIT DR Bt IROWZE) REEERME LE T

8. ASKITHGR ST - Wi OFFREIARIIIUF A RR LET. 72720, FEEABNCELFFAIN - INLIEMCT
TET. EEHINEE - EifRY, BITTERICRY, BT s AN Sy 7o e Bl UCEST - A S
NHZERHYFET. Fe, WMXOBIIOWTE, ISegll b ET. Bk, ASE~OEEDGE LT-RpRT, ¥
# HFEEEED) I E I TRV Wb D LR A LET

9. FEMBED U AR Y N VITBER S i 5isl T b it/ SICREE O I ORI & LET, 72720, LIFO
MICHER LT,

- SURRRTHET 2 B2MFE L CL7ZEW ((TAFE, OOKRFRFAFEOOMZERHE HOET5m 3 2\ N tRRsco—H
\Z, NMFHEEAIToT2) 72L) .
- HAECEOEE TR, FROGmSCE LTHE L9 DL 0 MERBEE - (EEEA L TS0,

< JFREREATIE: 2018-19 AR >
T010—0195
FKH T TR AR EmrE 241438
KSR (R ERE e
RO WEEZERE  /NIEel
BT A—/L ¢ editor2020@jsmjp, Tel:018-872-1630
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1.

n

oscaneh

MR DHZE]
[RREERCES
Q01743 AGE)
JFREOREME, BRI LD Z A2 FRIE L, SRHIBEL L, Bmaliiff 7 7 A VETTT—2 7 4 A7 ZRfF LTS
JV\ INBIC K DEMAEEASEAITIY,  ROME) MEEERIC TR 7280
T ZERICBE L CITERGEEE DO & 5 722 2 BHRUTIIET, OFF A~ (THFA NIV LT 5 8510 , QXEK,
CEIRDOBIAL, TNEHRIDT 7 A & UTUMEL T EE . E, ZBDT 7 A VONERROBIAER LIz 7 D
Bl (EHY 7 Mabs—Ta ) 551 LTLIESV. TF A K« RITHOWTIESTE RRCASRN G
([ZDWTIIIPEG « GIFS 00D L OIS, FT2, 77 AR, B E AL TLIEE0,
LR OB CRfEaM LTS, FRahomgisid I, 1, L] Z2fuTZawn. 1o idas L, 2osMilz
NHRATFRD & ZLSNIHEADAR—RA% AMUT NI Tl %I AV T 7230, ST 32 v,
Bt & AT ORI AR E AIVTLIES0 72720, CERITDANTEFBEE LT, Hififi & BT ORI g A —
AFANIRNTL FZE N,
(1) 25
Q) FEA - PR
B EE (FEmC - fil - S=LEa— i/ — 1) HAGE 0L, 555250 HEELIN. JFHIE L CEEORE TR
WNEZT b OZER LTSV, WS AIIERR RIS TR T SV, OOV LU OWTHEORTET
fEEE LET
@ F—U—F (RS- fil » S=LEa— -8y, — k) 55oFTE L, FUIR+HIE 037 vy 7~y ME
IS L TSV, 2DV v L UZONTHR—T — RO IEE & Li@”
@ A TEHENAH LA DTN 5, G0 WL JIERR L TR SV SEEICidke 22080503 ET 0T, FARE
ERHIAZ DT 570 & TEE FEV. JFRERSCB LORRIC OV T, S - HHJ: FE - fER - BLE (HDOVNIRER LS
29 WS VORI L T EE 0.
© SIHsTR GIRDRHD5E08) ASCho5 EFTCIE (Tanakaand Yamada, 1986; Tanakatal, 1986; 1 LI 5,1990) &V o723
FUCERZFR L, AOBIT SIS & LTULFORZ A VESIRUT, FEEELOT VT 73y MEZIENTT
<{AN
<HEE>
AR BT 151997, 7 7 A h~—0 & K& SISFH Lz A FORSRIERROMNT—R > FBRC L DR
IZEDARAT i H {Fh 66:195201.
Becard, G., Douds, D.D., Pfeffer, P.E. 1992. Extensive in vitro hyphal growth of vesicular-arbuscular mycorrhizal fungi in the
presence of CO, and flavonols. Appl. Environ. Microbiol. 58: 821-825.
<BYTA>
ALY 1996, FAREYIN I3V D B el Ly Frbe, (LN Eoii ik RoR O BRI A B pp. 120-148.
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