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Infection and nodulation with Casuarina equisetifolia-Frankia symbiosis
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Abstract: Symbiotic nitrogen-fixing Frankia strains are well known to promote the growth of Casuarina trees in
coastal area. The studies on their infection process are very important to utilize them as bioagents. The infec-
tion process of two symbiotic Frankia strains, isolated from the root nodules of Casuarina equisetifolia in Zhe-
jiang Province, was studied using parallel semi-thin and ultra-thin sections that were periodically analyzed with
light and electron microscopy. Results showed that Frankia penetrated root hair cells and infection proceeded
intracellularly in the root cortex. This stimulated infected cells which started producing abundant irregular
dense electron deposits. Frankia, packaged by deposits, infected continuously, forming “infection threads”
that penetrated adjacent cortex cells and ultimately approached nodules. Chronologically, mnodule development
began when Frankia infected root hair cells 6 d after inoculation. At 12 d, after being activated by endogenous
hormones, pericycle cells underwent vigorous mitosis giving rise to lobe primordium. At 15 d, when a portion
of parenchyma cells were infected by Frankia, the primordium transformed into pre-nodules. Finally, 24 d
following inoculation, after forming of the apophysis from the cortex, pre-nodules developed into new nodules
and finally mature nodules. Thus, Frankia infection process consisted of the following processes: Frankia in-
fection-“infection thread” -formation of “interfacial matrix” -penetration of cell wall-propagation-vesicles de-
velopment-spores producing; and the development process for the nodule was primordium-pre-nodule-mature
nodule. [Ch, 9 fig. 20 ref. ]
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i 2 4 Frankia W AR HAEE 2008-2010 4F 43 B H #7114 585 K K MK 8 Casuarina equisetifolia | 1
W, AR R EREE, 45 8 ZCNT13 FiT ZCN192M3 I AR b A R R 5%, 1 B
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SIS 2011 4F 3-6 H AEWHTLAMK A AE Y M O iR B N T, KA R 2 B2 20 cm 1Y
RVE SRR, E SRR BRI 11 v RS, BOK DAL B R w2, 1 R4l i R
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J5 A AW, @RI A, VIRIEEZ 90 nm, #Ehguta, JEM-1230 AUA 9 H & 5 i+ 1
MEMES . 852 . Bl R B R A A AR A DD AR 0.6 um B D) R, 75T BE WA R LS Fr o
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A1 AREARG (A: FROYBARG; B: ZAKKRG) B2 HEA6dERAVRABRBLYE
Figure 1 Root nodules produced by Casuarina equisetifolia (A: baby W h (B & H4a 2 am i )400x

nodules; B: bead-shape nodules) Figure2  Longitudinal section of root of Casuarina

equisetifolia 6 d after inoculation (the

darken cells were infected, 400x)

BOWE LR Frankia B 2 JT IR AR AN (1 2), iR UMMRBAM 0GBk, M &4 £ E
WK R KRR RORLR L A BT B SR LD B R BT, R S AR B A T AR 1) B Y
B, IR YA A 2 MR LA B, AR w0 A BE R G, T R T AR 2 AN D v R o A Y AR
Yr(BE 3), fEmBEYI R LT AW A S, iy T P9 A BE Y R BN SR I8 B — AR A, IR A
WKL, BN R, HE BRI R RN IIRELR A, TE R RRUZ SME TR SO 237 TE
B DTRR Y BT A 2, X SEPTRYIE IR T AR IR SN2 B AR 3 4 b, i LR AR Ak e 2 0, DU AE i 1
SRt LIS o X2 BRI RRBR R AP 454, e ST (interfacial matrix, P 4) . 2412 G B R4 fil
It AR R MAT, RULHT R R R ORI, S i 40 . % 328 A0 B A 3 1 K
ITERR Y 5 2 AN A BERE A, DRI 2 (I 6) . #Fh 12 d 5 B SHuBE ) ik il LI 2, P AETE L
JEANIE BT AR R o 15 d S MR R A0 W BE A0 B Frankia AR YY), BEAE MR (7)), 1
BE 2 T AT LB S A T 22 BRI T (B 8) . RUARVRIE— A KRB MG, R B I TR UE LR O
RZ R WA (FeFh 24 d J5) o Frankia ARG FEAT 45K« Frankia THR G R QL —TE L
CHUE T > RE B MR A MR AR RS SO B R AT AR — AV . HAEAR
RN oK R, U HEUR UK RR SR R A0 BE B DCARY) , HA BB Z s, A EERE 2
IR (18 9)

B3 Frankia HBRARLE, B4 BhbOHARPLE BS REABARTHEE

RN MR E R H——"F @R (20 000x) KB R T

A B EF Figure 4  Especial protection structure; Figure 5 Abundant mitochondrias and

JAR A (3 000x) “interfacial matrix” packaging Frankia spores in root hair
Figure 3 Root hair cells produced abundant Frankia strains (20 000x) cells

irregular electron dense deposit

after infected by Frankia(3 000x)
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Figure 6 Enlarging transfer cells with 100x) KX 3%, 20 000x)
more deposit Figure 7  Prenodule infected by Figure 8 Hypha and vesicles of Frankia
Frankia 15 d  after inside nodule cell 20 000x)

inoculation (100x )
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B9 MA& Frankia BAZ N mie B2 BRI Y St A mBAH (A: FHmes; B: ¥ Hmied,;
C: wedfzmies, 4 000x)

Figure 9 Cell wall exhibited pigementation and becoming thickening with the proceeding intracellularly of Frankia (A: early cell

wall; B: interim cell wall; C: terminal cell wall, 4 000x)
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Frankia T8 5 AR A FE W) 222 2590 J5 77 AR 4 MERARIR A B RO AR W) Bk & 2B DA e 400 I L 2 1Y
FAR . TEARDEFE R BRETE AR 2 0 BT, MU RN, AR R SRR, Z5HRUESE T 4+ B [FTE B
MR T S MBS W B4R IE . flan, X5m 4% B R LT . AR L LB AR B 1 4 R R
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