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Effects of Anabaena Azollae on the Tolerance of Azolla to High Temperature
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(' Azolla Research Center, Fujian Academy of Agricultural Sciences,
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Abstract. The effects of Anabaena azollae on the heat tolerance of Azolla were conducted. Under optimum
temperature regine arabaena-free Azolla grown in nitrogen-containing medium produced less biomass compared
with Azolla- Anabaena association. It implied that Arabaena in the association was not only supply nitrogen to
Azolla but also provied something-else which was required for Azolla growth. At 37'C /29°C (day/night) Azolla
filiculoides grew poor than the corresponding Anabaena-free Azolla grown in nitrogen-containing medium while
Azolla filiculoides with the Anabaena from Azolla microphylla (Af 135), a newly reconstituting Azolla, was able
to grow much better than the Azolla with homologous Anabaena. However, Azolla microphylla with the Anabaena
from Azlla filiculoides grew and fixed nitrogen less than original one. the growth of Azlolla microphylla was
much better than Azolla filicuoides with the Anabaena from Azolla microphylla. Therefore, the tolerance of Azolla
to high temperature is determined by both host-fern and symbiont- Anabaena.

Key Words: Azolla; Anabaena azollee; High temperature tolerance

% (Awlla) R—F/NERUKERSE, HHENEEEE AW HEITLAER (Aabena
Azollae) , L1 JETE R IRRAE -1, WRBHF SRS . FHELMR R R TR
HEAAER, AFWEFRE, WERREFWRERMIERRBFHORTRZ —, TR R
W, EARIERHME . LR, RITRAETHARETFHERERHITEES, FHH
BHSBHEA T ERDEEEEAD, N FERX TR AT /TR . 430 B WIRE

W E HE, 1990—07—25



%1 #*

BF: B SRR FEH KNG G 31

TLAT £ R ST 3 B S AR AR R B . X — RBVE S X R BF R RS F T

REBHEAR .

1 £ W g ¥
Tab. 1. Azolla strains & characters of their

Anabaena symbiosis

& R 2 B -3 5 BRHRE  HHER
Species or With or Source of Source of
strains without Anabaena fern Anabaena
HEFEM Azolla fibculowdes
Af 134 + Af 134 Af 134
Af 135(Afma) + Af 134 Am 431
Af 136 - Af 134 —
Af 137(Affa) + Af 134 Af 134
/N AzOUa microphylla
Am 431 + Am 431 Am 431
Am 432(Amma) + Am 431 Am 431
Am 433(Amfa) + Am 431 Af 134
Am 434 - Am 431 -
e Af=HERFNE An=/0IEHHK
fo=BREHNE ma=/HHHE

Affo= 5% FE 6 BR A0 4 4 O 0 SR L 4 T L E A AR R
Amma= /M-S ) RN /I - S5 6 98 A TR B 4H /D
Afma= B 40 4 0 BB 0 /)N P 2 A O I 40 D A R A R
Amfa= g /N SE B BR N 41 R A B AT AR B ot
Af= Azolla filiculoides; Am= Azolla microphylla;

fa= Anabaena from A. filiculoider (A. fil. );

ma= Anabaena from Azolla microphylla (A. micro. ) ;

Affa= Azolla filiculovdes with Anab from A. fil.

Amma= Azolla microphylls with Anabaera from A. mucro.
Afma= Azolla filiculowdes with Anabaena from A. micro.
Amfa= Azolla microphylla with Anabaena from A. fil.

1 MR EF %
1.1 RBHE KRFANTESERAE
T FRFEFRBY., EXSRENAZNE
( Azolla filiculoides ), /N W $ ( Azolla
microphylla) ¥R BHFH . L FEZHH
EANERARREBHMNIERES. &
HAHCFEAFRRIAMRELS, AN EH
A DAffa Bl AF137 (HBRFE), @ Amma B
Amd32 UNHF) . MENEAEE: OAfma
(Af135, Af138) R ME M BRI S /B
B R AW AL ; Amfa (Am433) /i
MBEESASWEOREATE GERLE D,
BEZEMBYEmETE, £REW. &
BRAER 10cm B OEGETR, SHREE
B 0.75g, B 95 g/m?, 450 ml 33K, H#
Py XS RN B BR K RS B8 R SRS,
TG 76 38 ¥ NI BE FRZE M 80 ppm RS AR 4% 1Y [F]
MG P.
1.2 ABRMHE LARHLIBEEALR
BN BT, BRIEHE 12 hr, Y38 15000 1x,
FMXBRE 75% . AFEEELEERDHESE
FEMBEMRY, ARG PHAKTT.
F—ARBEEFHIEE PR EE

BRI . 2 R B AT LA T SR SR A /N SR A T S 2 AR U R EN A S AR TN,
AERERMEEABYERBYEE, ATSIEEENEIR, BSESSMA EF
W PO 80 ppm FHERE) FIAMMEAHE. X—HL 6 MbHE, BAEIANMER, §—EE
YRR 0. 758, ALFIREH 26'C/18'C (H/H&) M 37C/29C (H/B. B—RELEFM
AJ, G 1 KEFRE, AREYRE, MEsOEMEwEURERRBIEE. 5 _Hu4E,
SEFEAREN AR AENEN. SRR ESE—HAMRN, EmEEAYE, B8
MIRENBIR 37C, WiB 29C, HK 45, HERS 4.

1.3 BRABRSHE
1.3.1

EHEGNL: BRERAEE, BEHEFLZBRRAKEANKLM L, ¥ INERE, &
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B—W, 4 RIKEMSMESHEYR,

1.3.2 B RBEFMWAE . RAZHEFER:, B O0.5 8, BFE 5 ml BAWH 50 ml =
fal, R EEH . HOREBMA 20% 25, FEMAE 25°C, ¥ 15000 Ix T A7 30min, fif
B, SRR BT, RAHE & TR H 7= HITACHI164 T A<M 63U, &
WEAUH Porapak N £E, R 60C, B ARSK, S44HE 0mL, FEAMSEEREN 1ml,
1.3.3 FH#HARFUANL. ANKERE,

2 %X 5%

—iNK, —FEYHRARERGZMEYNERERY . REMED RN Ry

RAHETFEERBMAR. AMLHEZR-BL4EE, BERXERENRAEIBES KBE
bR RAER? HIEARERSFWT .
2.1 BEREMIEEGHAMNER K2RV, EEEAHEKWEEEERN (28C/180C),
AESMHEANKTES, EEYE. SRR ERALARNGE. REVRT S, R
I AEFRAIRFR : TREFRB PN E R S AERB TN A RS >R PR,
AHEESTARMS, MFRE: ARAEFRETHERES LSRR EESE > RERE
THTEE, BHEREARAZESR /DS, HAEENEYR SRS AENSTH
FLY B TG B

Peters (1981) ®iR#E, EFAEHFET, FEFAKRTRERT., B TFRHANTLE
HEAVEELCEEREEMABY, FUECEEESERBEEARNTREZNER. 2B
AN EEERBETRTFR, AREY, E5HANM LGN ZEH UL REEENE T X
X—RRRATBRR . 7S 80ppm FEBRE T M P A KM A EE, BT @SR RARYKI, 4
L-MAREREEENBERER, HE453 AN REBRARTENEE M EH. XK
WEREBENEREBIIRB R2, F—Jrm, RIMEN, AR T RE ERBEEER
Sb, BEREIE FIRMUEMBEELFTMA TN TESRAYR. N2 FTUAY, EER
WA 80ppm MERRER)S , AMEEAEATEHZRME, X—%RE5 Ito 5 Watanabe (1983)
B ER—EM™. EEHR37C. W 29C. B HMIE 33 CHER, FARISEMWEYER. ¥
BRERBRSEAMSHREEEEE (26C/18C) RHEARBEN TR, MiEwmR
WEGHETRAREE, MRAERGRA/NEEN R AR, AR 2ATUEL, £K
EXREFE R ASRERA G ERE LA K, ERR 4R, BABELILTF2MEL. ¥
HERRME 1.8%. MERBERGTERKM/MTEMLENE, SETARA12%. TH
B /NS A B T AN TERY 1. 38—1. 45 {5,

AHBEARABREARBE TERBEEMEK, £ CBE LR T ZMERRGE
¥ R RA, EHBEET, AL EREOERABISEEREBRREL, AEEFaEE
B AR IEPE O E, T/ R A T R

HEL, KRR EERMENEERE. I GUAFERBR-E A iR
FERTLME F AR, B T/ S 0 BR AR A 5 B BRI O T 40 8 0 0 R
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Tab. 2. Effects of temperature on the growth, acetylene reduction

activity and nitrogen content of Azolla

# & (g/m2) B RS 1 * ARA

i 2 B R Fresh weight _w
s x B SR E h N%
Treatments Inoculum L 4days 28days ":-c“;.m—‘m
26°C/18°C (H/#) (day/night)
Af 134—N 95 805 1830 4.6 5.18
Af 134+N 95 760 1705 1.9 6.18
Af 1364+N 95 770 1430 0 4.10
Am 431—N 95 940 2100 4.1 5. 41
Am 4314+N 95 900 2070 3.2 6. 35
Am 434+N 95 710 1300 0 4.28
37°C/29°C (H/#) (day/night)
Af 134—N 95 420 440 0 1. 82
Af 134+N 95 560 880 0 4. 46
Af 1364+N 95 480 820 0 4.50
Am 431 —N 95 800 1380 0. 38 4.20
Am 431+4+N 95 815 1330 0.24 4.59
Am 434+N 95 680 1135 0 4. 41

H: AF134, Amd31 HEWAMBHA/PHE,; AF136, am434 HILHH., «~HREEENTRERFHS 28 Xedtf7.
Note; Af 134 and Am 431 are the symbiotic A. filiculoides and A. microphylla respectively. Af 136 and Am 434 are Anabaena- free
Azolla. * ARA was measured at 28 days.

2.2 EXMIELLEFRAMNER R2ESVRBREROERN, EEBENEERMRIEETE
—EWIER. MAKEERRMTAZGT, FLAEREZLRAEARS, ¥EEHAEN
H1.82%, MAREFWFIA 80ppm WRREMALE T, FESTHBEND 1. 46%, PR
BT %, RRUAGHERERGTERAR SHAERNHSBRAX. MR, i
FREUMESHEAABEREEREHHERMLE,

FHMRARER () S5HE-HKBEREMUZL, WESBRET, SRRARE
BN EFGESREX BB (A1134), BREHME (AF137) £ KHFEZME, F£iXRLE KN,
EREERILFETE. XRXBEHAFS ARG 2. 0XHEM. BEFEFERASE, MRA/D
MR AEREITEHABINASE (A1135), 3 IMANBELE, S/ e
B REBIEEDA 0.5 WS FLR//E, AYBLRAFEaBEREANASEES 1 EU L, &
NFESLEPEEYE. BRABEENENEEEREESM, B, /N5 f Rt
MW HR AN RAER FE D,

SR, MEAEEEHN/PTE (m432) EEREEGT, EXSHSHEMEL, BE
KZME, BNATUHEE, $ESAREY. AT TASEMAERES /MM LR ES
BLE /N (Amd33) FERBAG T AR ~E 2, BRBEEELEER, BRGMZEHEY.
Bk, AMERBAEBEELSHNAERNARREEX. AKEARAEIHTIIANTES
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Tab. 3. Effects of high temperature on the growth, acetylene

reduction activity and nitrogen content of Azolla

# H (g/m?) B B 3% 7 ARA
e B R Frest wei TR
micro-mole CpH N%
Treatments lnoculum Ux 28X g.F.W « h.
14 days 28 days 4% 28 R
14 days 28 days

M EF I Azolia frliculoides

Af 134—N 95 283.3 339.8 (] 0.01 1.71
Af 134+N ’ 95 315.9 589.6 0.01 0.01 4. 98
Af 135—N 95 315.9 749.5 1.2 0.53 5. 09
Af 135+N 95 369.6 719.5 0. 88 0.33 5.69
Af 137—N 95 292.5 339.9 0.01 0.01 2.03
Af 137+N 95 354.2 558.9 0.01 0.01 4. 49
Af 136+N 95 310. 1 638.7 0 0 4.8
Nt} Azolls mucrophylla

Am 431—N 95 772. 2 1516. 8 1.37 1.12 4.64
Am 431+N 95 758.9 1360. 8 0.84 0. 58 5. 00
Am 432—N 95 859.3 1759. 8 1.74 1.18 4. 67
Am 432+N 95 792.9 1458. 2 0.59 . 0.55 4.72
Am 433—N 95 490. 5 504. 2 . 0.01 1.28
Am 433+N 95 678.9 983.9 0.01 0.01 3.63
Am 434+N 95 665.6 924. 1 0 0 4.19

¥: AL37C/29C (H/#) (day/night)

ERE LB, LHE kI IR R S R TTREE — M, REISER R S B
TR BB, /INe S P o £ 0 e O T R SR R Ak P B L AR

Mo, B’ BUFMEEETREIWHRUR— T EEE REAELRE? £ 3RY
MG (AF135) M FSIANPHEEEETEIME, BHEEKPRBRRGT, MARZET
HEHGE, UBAYERSEEABESEHUBERT I ESHEAN (m432), EAHARHE
(Af135) FIBEA/NIHEE (amd32), EAHEHFARK/NHEAEE, MR EEREELEKY
MMM IR ERER, MAWEERRAMF TR LHEM, NEYESEREEEH
A, EEPRER I, WATHTR, AR B — R LUE T AR R, (B
HEEMRE FHTH BT RERELM. BAER, RELEARBEERSYEERXZHR
BMARE. SAWKWARERE—EBRE ERELEEHTRES, BRENRES L
DU St A M X o R R R ) B A TR
2.3 B-SREEERMESRANNRE WHTFE, A¥RAZRASREERNILE
. XFEERARBKREZ YR, PIRKES, ME-FHANNEGHER. ENZHEFE
EBXBLESERFENERAYTHBSHEBAB R, Bk, LAEKOHRA/ERTRSRT
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BAESEEN, EREREXTHHEEATFAAREEREX. AERNE, B%¥HT
EMHSIAT/ I ENAERS, HENNERBUEERTRE, RBEXFHEAN (Af135
+N) S AEFFGTHEABELE. MESABNEYWENBES TERERMFTER
HIMERETLEN (AF1364+-N), MSGHEMAME (Af1374+N) REMSE (A4F134+N), XUFEFE
BN AER SMSREM LR EBRMERN . AT, PHERTEFRTIANEED
WEEE, HRHNEFARE. £ 3 %W, And33+N HAEBRTAY RIS T Am434+N B ib
i, REAEARHHEBKTEE, 4% (WIIAMAKNERER HRFEEBERM,
MENEHEMRARERILERAZ DT, IUFEERE, PHETEES ABEHEMIE
HEE, BEXHERARBAEEASMARELEE S/ RIEEN TR HIE, HHE
HEAGT, B THRESLEER GBS, KESR/ DT ERABRERIELERGE, 3
M5 EHTEXHYELE. YR, IBRELFEEF -SHEMUAEELEE.

SRR, RITANE- R AOOY, HRMMEEBERRETR. %507 . Midkzm
GBI A A TTIEE 8, RERAT/NH R, HEBRMEANTTRAE N BHEA,
HaEde, BRI A R BTEE 0 TTER AT RE R T 3R, (EHHvEEORM FEXT A KM 5
PHAENFMEER . FUERSEHEAN RSN, FELTRIRZEMN, HF LW
BE R, ERERAR. EEASEAR, SIAHRENE.
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