SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

A IR DERS LS OCEBREEEFMEICKITIRK
MIBDORHEDmIERER

o, #0IE _
NMREZERZ AN EREDE R ZEHFIRFIEYR 2BEFEYED T

THE, @
AR I IR

T, 158 ]
FUIN KSR IR 2 R S ety SRR 2 H0 P R AR 2 SR E 2 5 B

W, EXK
ftb

https://doi.org/10.15017/21103

HERIEHR : WM KFERZREEM R =M. 56 (2), pp.139-144, 2002-02. AINKZZKREFFREZH
Zeks
N—=2 3

HEFIBAMR



SR EZFEEE (Sci. Bull. Fac, Agr., Kyushu Univ.)
w6 F25 139-144 (2002)

A AR OEREB X CEREEEEICKITT

MBS
Wooom oM i H
ITEDITI S

D A [ 2
f* - g & g
BOE RO F B

FUNKRFERERE RFEH TR & IRR 0P R A YR SR A 4 255 BF
(20014F10 A 31 H %A%, 20014F11A20H %3)

Varietal Differences in the Effects of Flooding on the
Nodule Growth, Nitrogen Fixing Activity in Soybean

Shao-Hui Zueng, Osamu Kusupa®, Hiroaki Nakamoro™*,
Takeo YAMAKAWA®*** Tadahiko Furuva and Masataka Furuvama
Laboratory of Crop Science, Division of Agricultural Botany,

Department of Plant Resources, Faculty of Agriculture,
Kyushu University, Fukuoka 812-8581, Japan

"o B

7 A RTERMOERE L TCOFENFF VTR, B
WRF L SRR 2 EREMICEDRTBY, BEE
TREMEY VRO BETH B, LI L, D Tidd0~50
T b doEREERIIRASEED S 2B
BULIZL®, PR EETIEHISH P ICELRAR
BBRENDTNIBE o TS, BKEIX, Kok
BB CTBOEN LRI L o TRBOKHIZF 4 X%
BETHZERHEELTVEY, ZRORENS, &
KEDOEVKHATEICBW TIEBEREENFELE LT
{, FRICEBBPAHHEE INTW 5,

—#1, KEERME LB TR
W, A4 AXAREIIBVTEIEEHIl L CRESNT
w3 (KBS, 1981 ; BHS, 1990). L»L, XH
TEEREDSD D, RAEN L VRE, MOLWEEaE
BEALIFLIER OIS (Z4F, 1973 ; K, 1978).

AR (1988, 1989, 1993) 2 L Ud, &M EL T
EINEICRITTRELEOEZEBIAFTHESENITE
ELL, REOEBHABLUESTREBEICL DBRS
N5, £, BEIFEEERR L VRN ELERFEOFHH
ZT 5 BEEEQREIBRN EH S, BEEBIV
ZFOBOAEFEARABIIBWIEZEAEITBERELES
TRADERTH L LEZOLND (I - 1k, 1990).
FOMRFED—D & LTEEEEORANDH 55

EESRICEWAMS SHBTKICHA LBEREF] i
IR EORBMESERINTBY, BEREOE
POFELWEEEZEZIIW, 20k, ¥4k
AL TWABRMAFIRGICFRTLZENETLL,

BB T THRK OB & A8HE] S s VR %
BT MBEBREEFBRTELIOTIERNEE
AoNB, LPLEYS, ¥4 ADBEICETLHE
i, EYEERLNEICBITZ RENERERAELLD
DAL L (BBINS, 1983 ; kAL, 1988 EH - K,

¥ REARIR IR IRILR

**FUINKEE RSB Y B IR RS £ TR B I RSB B R (e 22 0 B
MR RF R A Y R A AR AL R R A M e BT

*
* %

Kuma Regional Branch, Kumamoto Prefecture
Laboratory of Crop Science, Division of Agricultural Botany, Department of Plant Re-

sources, Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University

Laboratory of Plant nutrition, Division of Soil Science and Plant Nutrition, Department of

plant Resources, Faculty of Agriculture, Kyushu University

—139—



140 &

H

# 5

1991), MBAEICEB LA 0RBOTL v (BAR -
1ERE, 1990).

ZF 2T, AW TR BT 5 BB AR
AT ABEEHOMITHOIL, ¥4 X EHEKE
BTFTHEEL, BEOERK, £&, LCCEREEE
HEizoWTHEL, AEMORERXITo 7.

#oR L Bk

EEBR1. BKEETICHIIRNOTR S LUER
DETEREER

BAMEHE, TEEMEZTREL Tk - Bk
54 RNFETH o7, AMKEEZRESRICH S LI
DHRY == VERS NI ARIZBWT, BEffllem,
EE10em (BE0.TL) DTS AF v 7Ry M,
KATEEEBLEL  1OEAICTEL, 8A5
FCIRALE (TR EEDRESEE R REMEATEHT
® #E&% (0% ), W& . Bradyrhizobium
Japonicum (A1018) * B L/-EF %2 1Ry M4
DARIERE L7, BFEHR 1Ry PLIARETELK @
HEERMK, BUEKEZT)ELERX (C) &, X%
Lo KE Ny MRy MR AR, BEE TISHME
KYBMBEX (T) 25T, WEHIIEX 3Ky b &
L7z, MERTH, BTFHLTEICEVWBL, WERT
R TELTCOMKERP SR L TR L 7=,
Z D%, 80COEMERANT3 HMZRSE7-%,
HE, BRE, RBLUBNEE&LE - THRELH
EL.

FER 2. MHEMIBL 2 REICS T3 HEKNEIZL
BRPOWK, ERS LUVERETEENE(L

B EHIE 1 BEROMERIZ L o TRITN B

E 120 E

)

g 5 olC)

&8 9 | ° &

g3 o o 38§

38 . EE

Eg 60 | . ° §8
p Q

"6'§ 2@ 5 %9

°

b 30 ©o E

X L PN X 2 -§
e (-3 .-u-?

5 & + i)

Z 0 L L 1 1 ; ‘(-V‘

0 30 60 90 120 [a)
Number of Nodules per plant

at normal condition

(=

BELDL5HETH o7z, UNRFRBENIZBWTE
1 EEREFBEDFET I B26HIZHBIEL, HIFRLRY
MIARZTE L7z, MAEERRR, HOEKETIE
RHEX (C) &, HARLE%28HMITo 2%, #EUE
KRS EKRERX (T) 2% £7, FROE
Lz MET H72012, 4~6 BT LIZEK 6 B@FIZD
WU 2EB LU 3 ORI 3 AT SPAD 8
% ¥4 FE (MINOLTA SPAD-502) % FAVCHElE
L7z, RiC, ERKE%ZI4BE, 28HE, BLULHE
®T#%THE, 14HBI2RNE, BNE, #-HE,

THTHMEB LT EF L UBITEIC L ARROEER

EEHREEKX 4 ~ 6 BKICOWTHAELL., TEFL
vEELZ, REES O eSS —ERT S
LyRIF L ICETTAUELFIH L CBEREEE
BETHHETHS (FE, 1992). BEHEIZOW
T, ¥4 X0 T TEIEVH L, K0T
ERZIFLRY, UL B THZ600mL O=A
TIAIRIZAN, TLABRTER L. BERIEES %
BIUWBRIZOWTIE, FIEREOREEN R (8%
N—R) R0 BRLAAT I AIRDEREBEL
TINFIHB LA, 79RAAWITEFLUTA%
10%127% 5 XD IZHEAL, 5, 358 & U655 I24ERK
ENLIFLYERZTAIOS NI 72 BWTHE
L7,

iR BB

FER 1. EALEIC S BRROTRS LUEEDS
EREER

% 1 NI HEKOAEISH R ORKE, REELRL
2. FRTOSHIC BV THRALEIC X o TR O

Cultivars
@ Akiyoshi-
- shirodaizu
8 ° B Azedaizu
L ) A Asoaogari
n
& + Fukuyutaka
L o © X Shirotae
0% X
° ¢ Others
<
) L o+ .
0 0.05 0.1 0.15 0.2

Dry welght of Nodules per plant
at normal condition (g)

Fig. 1. The number and dry weight of nodules at flooding and normal conditions.
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Fig. 2. The ratio of flooding treatment (T) and control (C) in dry weight of shoot
and root. Arrows show the day of treatment removed.
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Fig. 3. The ratio of flooding treatment (T) and control (C) in the number

and dry weight of nodules and the values of SPAD. Arrows show
the day of treatment removed. Marks are same with Fig. 2.



142 L1

e )

BROFBRERRY, $§NTORETHELER X YK
WER OFHED o0, BALEBESEL 25
EBRFRIEEHE VR R S N2HRICN S 2
REVPEHEBREN72DTHSH (Huang and
LaRue, 1985). 2 &2, RHEEIIOW T EREIZ
B THAKREI & > TP L7225, TORER, T
BEGEO 772y BLY Oy I TIRAR L (HHE
MBI - 64%, 67%), THEMHEMOKEHREB &
OHRBEDT V74 7)) T/NEholz GHEUERY,
93%, 92%). F7z, WALEMEEIFENEES L
UCHOKEHRKRE, BKEBLIUOT7 V7403 &
HIZBVWCERBEERERSR S, WEBERI4AZO
BB HIE109%, 106% B L U98% TH o 7245, Tt
BHEOFH Y 0 & I EREX %66 % & F{EA
Rohhhors, &8, BR (SPADE) conT
b, REEOELE ZIZRBRER LR L, HKL
B2k % SPAD EA A L2 EEIE, RoOBFRBIN
BENZ LML TREORES L LRI L -
T, HWHEAOEZESHEIBY L0 Ths L E
Z5bhb (Bacanamwo and Purcell, 1999).

2. B 3BFEREICH T3 IROEEEEDYE
841X R R B BREIRE AN T ISR A5
EEEEE (7EF LV ETHE, ARA) 2WTR
L7z, EMEXIZBWTE, 2 TOREICBVTER
BEMNERLIZON ARA DHEINLZ. FHICH L,
ERMHEKX ROyl 7727 HI2BWCIdREE
BEEIOBX E21%XTIZIZF LICR Y, EFHKET
HEEFEEIO% X T ARAPRDE L, 21% XTI
WA oz, DEL, RUEHROMER T
LTAhBE, HKMAHE - 0% BEX T KRITIE, wih

ARA (g mol C2H4 /plant,/h)
O N WHRO O~ 0 ©

5 10 21 5 10 21

5 10 21 5 10 21

bHEFHKRE, Yusx, 7727 HOMEIEI-T.
F7, EABEXEEKROUERX BT S L, BUEE
BEICBVWTREDRTE D FEARLEXD ARA OIF
IDED, oI B, BURKNELY O ARA I3
IZEBE R EmE R L7,

Dakora and Atkins (1991) &, BRI EEHH
KRERLIBREESMGTCERT 5 L 20OBERE
BIZH#EIE L, BFEFCRLA-BEREIBRNOBERESE
HESHR SN EMEL TW5E, RERIZBIT i
MUEX CERE LU/ARMIMEBREELRGTICBNT
BEAEX L) BWEEER L2 Eh D, RAHAMKEE
FREFEIZESLTWOTRZVPEEZLRS, L
BLAED S, ARA O, BEMLBEEREEEZ AL
TWAETT, DL REIEHNICASNE 0
EIDERETH S, b L, WREDHEAANVAINE
BT B0 E LHEND L \VIZEERN RS h0%E
EERILTWwai 51, ZhiBd CEREN &
THA 9.

ARG (1990) 12X, RAE AR T202 L R
RIIEE AR T201% V22 EBRTlE, T20243 R A1 A
FETLHI LI Lo CABRESBR S, RBHD
HEDEDOND I EFHAL PR -7 FOEHIE,
T20212 B CIILEE TR IR OB & A3 EREL 2>
THEEEFREVHRL, BNIrLBROMBEITHE /-
R, BEBEEICL 2 ERCEYEE OB HER
Enz, AERICBVWTR, MEAAKEB L UEAE
BB O, EEICBWTHHBE SV ETER L
oo ZOES e ERERIETER L, BBICL AR
EFFEREINS LRI, SBOMEBEE
BISHTEADTRZVWIEEZILNS,

5 10 21 5 10 21«(%O2)

Control Flooding Control Flooding Control Flooding
Shirotae Fukuyutaka Akiyoshi-shirodaizu

Fig. 4. Acetylene reduction activity (ARA) of nodule at different oxygen
concentrations with or without flooding treatment. The ARA were
measured on 28 days after flooding treatment.



EKICH T 2 5 4 DRMOER LIEEO RIS 143

Ik IR 57 4 XEE BB EE D LIE LiE

MREIC 5. ZO%E, BRSEEREEROERME
WEELZFREZRLLTVLIEFTHMLNRTVS, K
WETiE, REOERPSBEOEELZITII VWRE
FERTAI LI o TBEBEETRRT S LT
XpDTREVWIEEZ, BKEGETTRELLSA
XOBIZBT BB BE R UOBRREZ A, KREKD
BREICBVWTELBX CIHIZLALEZRIALN o
ZICbEHL ST, EAMER TIHEREX I L TR
BHAS11~82%, BAEAN 3 ~TA%IZHRPLzIZED
o, SERMERNALNZ. 22T, WBEEE
BEZL5MERRRL, 8HEKMEEEE LM
EL7-EZ5, 2BMBCETHEY RO BEKER K
TTIIRMEITIFIZEE L2, HEREo oy
TRERINIEAERB NP o2, ZD & 55
DOEBIZERIZBONTIALON. 512, BEOE
FEECEbLI= by - EOEEERT T EF L
vETEEE (ARA) I2BWTh, ThEMHROKER K
TAE, WBEFEoYRy T, 772y B TS,
BICHEAMER OKEEE (5%) KT Tz 0EN
HETHo7:. LEOKRELD, BEREEIINT SR
WORRIZO REAZENA SN, HEEEOMET
WEKEST TORMOER, MEBREORESD X
OEBZEEHTOBRECEEZ EPERTVWALZ L
R IR A A W A

3 [N

EIBE— 1992 TEMAEYERE. DEHEYIIE
*RE. ERE, B, 224-233H

Bacanamwo, M. and L. C. Purcell 1999 Soy-
bean dry matter and N accumulation re-
sponses to flooding stress, N sources and

hypoxia. J. Exp. Bot., 50 : 689-696

Dakora, F.D. and C. A. Atkins 1991 Adap-
tation of nodulated soybean to growth in
rhizospheres containing nonambient pO,.
Plant Physiol., 96 : 728-736

ARG 1978 KEAZIEORME (1). BRI
33: 103-107

Huang, C. Y. and T. A. LaRue 1985 Effects
of waterlogging on the nitrogen fixation
and carbohydrate metabolism in nodules
of soybean plant. Proc. Natl. Sci. Counc.
B. Roc., 9: 82-88

I B ANEL - FE T - FHEE 1983 K
T OMEEICET AEEKREHETIZBIT5m
FERER—. dtiRE v RRER, 49: 32-40

=6 #1973 KHB L UUKHERBRIE O T KA &
BEMR—1. KHEB LUCHBRMOBTRENE
Bj—. RIERM, 28:293-296

2AKE  BAREE 191 %5 1 ZomEkoRiE
MZR. HEK, 60: 380-384

KB F-ZHER-5F B -k ®£-5H B
BEHAAE 1981 KHERMAZOLINE. L
RS RFEABGAI 78, 15 27-38

BHEZ - RNIE - EIIEE 1990 1LkFHigoK
HERMAEINE ¥ 4 X3 5 BE B X U
FEORFE. BIER, 59: 257-264

MAFGE - WE B EE F -/ NE 1988 K
MERIMcB 551 A0BEBE., 1% +
BOBBEF YA E & FENEICRITTZE.
He#d, 57: 71-76

MAFH - ElFE F - EEER - JREE 1989 K
HERMIZ BT 554 AOBEEE, £3# R
FOERBMAICL 2BEOEM. HIERL, 58:
605-610.

MAFE - EE T 1990 KEEHRMICBITS 51
ADEREE. F4H BERERIIBIT R
DRENTOWT, BIER, 59: 727-732

ARG - e F1993. KHEERMIIBITE5 14X
OEBEE. £5H ZFEBEICLEEORR.
HAE#, 62: 47-52



144

i e )

Summary

Deficiency of nitrogen is the most serious problem on the growth of soybean under ex-
cess moisture conditions. It is well known that nodulation could recover the deficiency
of nitrogen while the excess moisture injury occurred in soybean. The objective of this
study is to make clear the varietal differences in the nodule growth and nitrogen fixing
activity under flooding conditions.

In the most cultivars which had the same number and dry weight of nodules, the nod-
ule number and nodule dry weight decreased by 18-89% and 26-97%, respectively, by the
flooding treatment. The nodule growth was recovered within 14 days after removed
from the flooding treatment in the cultivars with high resistance to flooding, like
‘Akiyoshi-shirodaizu’ and ‘Azedaizu’, whereas was not recovered in the cultivar
‘Shirotae’ with low resistance to flooding. The same results were also observed in leaf
color (SPAD value). Moreover, the acetylene reduction activity, an indicator of nitrogen
fixing activity, was higher in ‘Akiyoshi-shirodaizu’ than in ‘Shirotae’ and ‘Fukuyutaka’,
especially in the nodules grown under flooding and at low O, conditions. The results
indicated that not only the nodule growth but also the nitrogen fixing activity and the
recovery after flooding stress were superior in the cultivars with high resistance com-
pared with those in the cultivars with low resistance to flooding.



