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Biological Characteristics of Frankia Isolated from Different Actinorhizal Plants*
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Abstract
squashing, and their morphological, physiological and cross-infection characteristics were studied. The results showed that

19 strains were isolated from the root nodules of actinorhizal plants Casuarina, Myrica, Elaeagnus and Alnus by

all the isolates had a typical Frankia morphology with filamentous hyphae, sporangia and vesicle. The reproducrive torulose
hyphae were observed in some isolates (FCc64, FCe33 and FMr43). Most of the Frankia isolates were characterized in that
their cell walls were type III and the physiological groups belonged to B. Furthermore, it is deduced that these strains all
had nitrogenase activity for their growth in the nitrogen-free medium. They were also found growing well in liquid media
BAP, JA and S. Tween-80 and casein were the optimum carbon and nitrogen sources. However, some obvious differences in
morphological and cultural characteristics occurred among the strains isolated from different actinorhizal plants. Most of the
isolates from Casuarina had thick hyphae and few sporangia, and formed Lichee’s meat white flocculent granular precipitate
in the BAP liquid medium, while most of the isolates from Myrica rubra had thin hyphae and many sporangia, and formed
rosiness granular precipitate. The morphological characteristics of the isolates from Alnus and Elaeagnus were similar to the
isolates from Casuarina in the same medium, but the isolates from A/nus had thin hyphae while the isolates from Elaeagnus
had thick hyphae. The Frankia isolates were divided into two host-specific groups, according to back inoculation experiment
and cross-infection of pure culture with seedlings of Casuarina cunninghamiana, C. equisetifolia, C. glauca, Myrica rubra,
Alnus cremastogym and Elaeagnus angustifolia. The strains of group [ which were all isolated from Casuarina could not only
infect Casuarina, but also Myrica, Elaeagnus and Alnus, and those of group Il from Myrica, Elaeagnus and Alnus had the
ability to infect the unoriginal host plants except Casuarina. Fig 2, Tab 5, Ref 19
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Table 1 The isolates from different actinorhizal plants used in the test

T Isolate 1 4% Host plant

KM Location +4 Soil

FCg07 MK AWK Casuarina glauca
FCg08 HRARRS C. glauca

FCc024¢ A RES C. cunninghamiana
FCco64 AEEARESE C. cunninghamiana
FCc91 BEARRETE C. cunninghamiana
FCel9 HIRRIRE, C. equisetifolia
FCe33 RIS C. equisetifolia
FCe42 FIMARRRTE C. equisetifolia
FMrl6 Wil Myrica rubra

FMr31 Wity M. rubra

FMr43 WM M. rubra

FMr61 Wit M. rubra

FMr72 Wity M. rubra

FAcO1 V9)IAEA Alnus cremastogyne
FAc03 VUIFEA A. cremastogyne
FAf07 BIKA A. formosana

FEo01 WAL T Elaeagnus oldhami
FEgl7 ST E. glabra

FEgl8 SHIFT E. glabra

Zk1l1 Dongshan
Z:1lI Dongshan
M Fuzhou
s Fuding

WML Coastal sand
WEHFP L Coastal sand
B Perlite

IR Coastal tidal flat

H47 Huian AP Coastal sand
75111 Dongshan TP Coastal sand
%2 Huian TR Coastal sand

413 Red soil

IH£T 5 Red soil on hill
R4 Red soil in orchard
11Hb414% Red soil on hill
HH2r3% Red soil in orchard
R4 Red soil in orchard
11Hb41 4% Red soil on hill

B E% Perlite

11 Hb4T 4 Red soil on hill
WP HL Coastal sand
1131 Yellow soil on hill
11353 Yellow soil on hill

34} Laizhou

3} Laizhou

K47 Changting
KL Wuyishan
A4 Fuding

s Fuding

3} Laizhou

HaN Fuzhou

3 Laizhou

H77 Huian

MEfE1ll Meihuashan
Mgfeili Meihuashan
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Fig. 1 Morphological characteristics of FAf07 (Left) and reproductive
torulose hyphae of FCc64 (Right)
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Table 2 Morphological characteristics and nitrogenase activity of Frankia isolates

s WZHR TIREEER R3S [ e e g I 280 it 1
iﬁalf Hypha Spluble Sporangia formation (ﬂ%VCSIC.le” Myceliur[f| C{ﬁfzj cﬂ}hl?rzz:)cteristics Nitrogenase activity
diameter  pigment BAP S JA  Growth Size [A(C_H)/umol mg"! h'']

FCc024¢ B - + ++ o+t + D ZHBURCIR Lichee’s meat white granular 0.443
FCc64 A - A ++ D JRHZURBKL Light white flocculent granular 1.923
FCc91 A - + =+ 4+ + D #AHZURPURL Lichee’s meat white flocculent granular 0.132
FCel9 A - + + o+t + D #5AEZREURL Lichee’s meat white flocculent granular 0.519
FCe33 A - o + D ZHREABARCIR Lichee’s meat white granular 0.115
FCe42 A - +++ ++ D #AHZVIR Lichee’s meat white flocky 1.241
FCg07 B - + o+ + D ZHRAZAR L Lichee’s meat white flocculent granular 0.314
FCg08 B - B = + D ZHRABARCR Lichee’s meat white granular 0.252
FMrl6 C - e 4+ D #5AHZVIR Lichee’s meat white flocky 12.760
FMr31 C - T A + D RZI kLR Rosiness granular 0.008
FMr43 B - e + D #RAZREURL Lichee’s meat white flocculent granular 0.086
FMr61 C - e+ + D R4 Pikitk Rosiness granular 0.045
FMr72 C - N = = S + D 4LZUR UKL Rosiness flocculent granular 0.078
FAcO1 B - + ++ 4+ + D #RAZREURL Lichee’s meat white flocculent granular 0.045
FAc03 B - REn G o S + D #5AHZUREURL Lichee’s meat white flocculent granular 0.561
FAf07 B - o ++ D ¥RFIZUR Light white flocky 1.407
FEo001 A - R == + D A BURCR Light white granular 0.279
FEgl7 A - o + D #4AHZVIR Lichee’s meat white flocky 0.102
FEgl8 A - +H+ + D %2R Lichee’s meat white flocky 0.093

A, 0.55~1.0 pm; B, 0.35~0.8 pm; C, <0.35 um; D, 0.7~2.0 pm
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Table 3 Content and molar ratios of four characteristic amino acids in cell wall of Frankia strains

| ZIEIR i Content of amino acid (b/umol g' mycelia) ZIER /1Lt Molar ratio of amino acid Y11 B 24 o0

Isolate Glu Gly Ala meso-DAP Glu Gly Ala meso-DAP Cell-wall type
FCc024¢ 0.141 0.169 0.293 0.624 0.834 1.00 1.734 3.692 1I
FCc64 0.203 0.267 0.918 0.994 0.760 1.00 3.438 3.723 11T
FCe33 2.186 1.341 5.507 4.040 1.630 1.00 4.107 3.015 I
FMrl6 0.104 0.619 1.094 1.900 0.168 1.00 1.767 3.069 1T
FMr61 1.227 0.436 3.434 3.152 2.814 1.00 7.876 7.229 11T
FMr72 3.732 1.265 9.174 6.890 2.950 1.00 7.252 5.447 I
FAcO1 0.817 0.449 2.403 2.249 1.820 1.00 5.352 5.009 il
FAc03 1.404 0.747 3.718 3.542 1.880 1.00 4.977 4.742 11T
FEo01 2.621 0.907 6.466 5.316 2.890 1.00 7.129 5.861 11T
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Table 4 Utilization of carbon sources, organic acids and nitrogen sources by Frankia strains
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Gl, Hith; So, 132 Xy, AHE; Man, HEEE Fr, B0 La, L0 Su, BEHE Mal, Z2 280 Tw, 1HE-80; Ac, ZIRHN; Pr, INIRYN; Py, INERIRYN; Su, | 1%
4; Ma, LR Be, RHREN: NS, BilR%L: Ur, JRE; Pe, tEFMK; Bee, ZFWT: Ca, B

0, AAK 1, A ZE: 2, AKARASs 3, AEKAfs Vo ANfiE; AB, ZEEIABAY: A, LRIANY; B, A= HIBY

Gl, Glycerol; So, Sorbitol; Xy, Xylose; Man, Mannitol; Fr, Fructose; La, Lactose; Su, Sucrose; Mal, Maltose; Tw, Tween-80; Ac, Acetate; Pr, Propionate; Py,
Pyruvate; Su, Succinate; Ma, Malate; Be, Benzoinate; NS, (NH,),SO,; Ur, Urea; Pe, Peptone; Bee, Beef extract; Ca, Casein.

0, No growing; 1, Poorly growing; 2, Moderately growing; 3, Well growing; V, Uncertainty; AB, Physiological group tape AB; A, Physiological group tape A;

B, Physiological group tape B
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Fig. 2 Growthes of FCel9, FMr16 and FAf07 in six media
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Table 5 Inoculation of the seedlings of different actinorhizal plants with Frankia strains

SR FERITTAR (S5 RTREEU/ MR $0) Plant tested (Number of plants nodulated/ number of plants inoculated)
Isolate C. cunninghamiana C. equisetifolia C. glauca M. rubra A. cremastogym E. angustifolia
FCc024¢ 8/8 5/5 6/6 8/9 4/4 9/9
FCc64 6/6 6/6 11/11 6/9 6/6 8/8
FCc91 9/9 12/12 8/8 9/9 3/3 8/8
FCel9 6/9 5/8 6/8 9/9 6/6 7/9
FCe33 8/8 717 8/11 6/6 9/9 9/9
FCe42 11/11 6/10 6/10 9/9 6/9 6/8
FCg07 11/11 77 7/7 0/8 9/9 9/9
FCg08 3/8 71 6/12 7/9 3/4 0/8
FMrl6 0/7 0/11 0/11 6/6 6/6 8/8
FMr31 0/8 0/6 0/9 8/8 8/11 8/10
FMr43 0/11 0/10 0/10 6/6 8/8 6/6
FMr61 0/8 0/11 0/11 9/9 5/8 8/8
FMr72 0/11 0/10 0/10 8/8 8/8 8/8
FAcO1 0/8 0/10 0/11 8/9 8/8 6/6
FAc03 0/7 0/11 0/10 9/9 8/10 6/6
FAf07 0/11 0/11 0/11 8/8 8/8 8/8
FEo01 0/11 0/11 0/6 6/6 6/6 6/6
FEgl7 0/7 0/5 0/6 6/6 6/8 6/6
FEgl8 0/10 0/10 0/11 8/8 8/8 8/8

(£90.35~0.8 um), WKL R A A LR TTTE, IR Y5
VDAL NBE B A R 25 25980 SA RN T I8 Frankiatd 22 5 H1L(Z)
0.55~1.0 um), FRZ R N AZARTITE, BB Yem i mm )|
FEA, ER YL A R B 3k Fh 22 5 02 7545 1 5 A9 A 95 B b PR
X IRA &, 1 gk — A WFIEIE 2. AR A R e bk, 4
AR OR A B T R 4 R 241 A S JERE : RRIR Y KRR R
BRI RR B 288 HR Y JRE , IFfefEmil)E L a1
J& RS AR 18] 28 AR Y, (BN RE Al A BR 3% R 15 AR 598 19
Mg - KEA - SAFRT-2ERE. A 5T 25 b N 00 8 Frankia 8 76 4%
MOl A 7= AT R AR I S H 0 (E, [RIE XS Frankial& )
PE—2 R B T

B RHZEE IXANEOELTIRE HE &R
FeAn R I S E AR T KB TR,
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