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Histological Studies on the Root Nodules of Soy Bean

Hiroshi IKEDA
(Laboratory of Crop Science)
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Fig. 1—1. Fig. 1—2.

Fig. 1. Transverse section of the infected area

R : The infected root hair, causing a characteristic curvature. E : The infected
epidermal cell. R : The root hair in which infection occurs at the tip of the root
hair. B : Sub-epidermal cells containing bacteria. X 140
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Fig. 4. Showing the branches of the pro-

cambium strands in cortex of the nodule
A dotted line shows the bacteroidal tissue.

a : vascular bundle, connecting the nodule ”‘;
with the protoxylem point (conecting
vascular bundle).

b : vascular bundle, branching and surr-
ounding the bacteroidal tissue (branc-
hing vascular bundle),

PR DS E 2 ~ 3 o f BRIk ps 41
. CORRRIERRT 2 X 5 il < I Mt
T % b DTHEDRBRILHRE & LT\ B,
RETLRBE O 5 ~ 6 [0 Famf o2
DEBEMBDOERE PSR D S S0 &8
EHFEL T 5.
stage 4 DABIZ 3\ Tk # D #5712 bacteroid
MELAE L AL CFrE, —F, JEBHR D
FEL 1~ 2 MO 2 TR T 5. o
BOFEITEL Wil S o BV mias »
8%, TERBEIIO5Z & 2 CiEded 5.
FEREARER D S E kT % & DI D AFETL R 4
VAT 5. BUR LR 25k MO X B ic sl
LCf3K.

(3) SEBRHERZ > T

WICHLE DB O REED IR S B Rz 72 &
B HEEAC DI D\ Tl L toe,

BIEBERDORF {Z L % & A DRI IX AL,
REDHE 1 IR ORE L 70, BHdRIC X

a9
DCHEN T E I F O 3 ~ 4 B i X
it TP, TR — T R i

H, ZDEsH dacteroid $EKIC AT 5. 2
SR TSI & & A TR & P &
tmﬁ&mmmﬁkb,%ﬁfﬁﬁ@%lgp
BT 5. T U CREMIEE i EEmiond

Transverse section of the soy

Fig. 5.

bean root directly after infection

B : sub-epidermal cell containing bac-
teria, M : first and second layers of
uninfected cortical cells which surround
B, P : meristematic cells of cortical pa-
ren chyma between the infected area and
the protoxylem point, X 140



58 X E BB oM BEN TR (TR

X EBINALIT, BOBEIL oK REmido
BIBIEDC S % BET 5. ZoMmids
bacteroid FEELDFHEKINITH 5.

WL DOffazIE H1E L H2B DK
JERIER < e Blathd D, T DRI
2~3458hAEICKS L Fig. 5 WRTXS
AR AERSL & protoxylem point ¥ DD 7 E
HFE 1 O #IRIC meristematic 75, ©
L CHE BIciMA L 532 44, bacteroid #H

' ”';,;I \ <ﬁ§é\§\ —
St 2SR
g

1%
\ AN
‘ &

l
\

I
B

J_ -

@

Fig. 6. Transverse section of the soy
bean root at stage 1

E : epidermis of the root, B : sub-epide-
rmal cell containing bacteria, M : first
and second layers of uninfected corteal
cells which surround B, P: procambium
strands, C : pericycle. X 140
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Fig. 7. Transverse section of the nodule
primordia at stage 2

E : infected epidermal cell, B : bacteroidal
tissue, im : inner meristem, om : outer me-
ristem, P : procambium strands. X 280
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Résumeée

1. The entry of the nodule-forming bacteria is usually effected through the root
hairs or regular epidermal cells. The tip of the infected root hair usually bends
over in a characteristic manner, but this is not always the case; when infected at
the tip, for example, the curvature does not occur.

2. Immediately after the invasion of the bacteria, the base of the infected root
hair or epidermal cell becomes greatly enlarged (i.e. hypertrophy), vacuolated and
clear. This state may be recognized as a trace even at the full-grown stage of
the nodules.

3. The bacteria migrate to the first layer of cortex adjoining the infected part,
but fail to penetrate deeper. So far as the author's investigation was concerned,
no infection strand (BIEBERDORE) was discovered at all throughout the developmen-
tal period.

4. The sub-epidermal cells, immediately after the invasion of the bacteria,
commence a very active cell division, amitosis. In the uninfected meristematic tissue,
the nuclei also exhibit an amoeboid appearance, consequently multinuclear cells
are frequently observed during the early stage of development.

5. The infected sub-epidermal cells which continue to divide and enlarge are
the original cells of the bacteroidal tissue. The first and second layers of unin-
fected cortical cells surrounding the original cells divide very actively also and
become a meristem (the inner meristem). At the same time, cortical parenchyma-
tous cells between the protoxylem point and the infected area divide and form the
new walls parallel to the radius of the root, procambium strands. These processes
occur at stage 1 (within 5 days after germination).

6. Outside the three meristems above-mentioned, another meristem (the outer
meristem) is produced at stage 2 (within 8 days after germination), issuing from
epidermal and cortical perenchymatous cells surrounding the inner meristem.

7. The first layer of infected cortical cells, the inner meristem, and the outer
meristem give rise to the bacteroidal tissue, the cortex of the nodule, and the cork-
cambium and epidermis of the nodule, respectively. The structure of nodule is
almost accomplished at stage 3 (within 16 days after germination).

8. At stage 3, a layer of sclerenchyma develops in the cortex of the nodule,
surrounding the vascular bundles and the bacteroidal tissue. The differentiation of
the layer takes place simultaneously at the apex and at the base of the nodule,
differing from an acropetal differentiation of other tissues.

9. No relation between the position of the origin of the nodules and of the pro-
toxylem points of host plants was observed.

10. It is not always that an infected area gives rise to a nodule; a nodule in
appearance may be formed of two or more infected areas; the nodule becomes

irregular in shape, due to the approach of infected areas.
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11. In the root nodules of soy beans, two kinds of the vascular bundle are dis-
tinguished ; one connects the nodule to a protoxylem point, and the other is bran-
ched and completely surrounds the bacteroidal tissue. The connecting vascular
bundles are formed of procambium strands, the first sign of which is a radial
division of cortical parenchymatous cells at the situation already mentioned just at
the stage 1 when the infected cells are sub-divided into five or six, and its connec-
tion to the protoxylem point is completed at stage 2. On the other hand, the bran-
ching vascular bundles are produced from procambium strands differentiated acro-
petally from the cortical parenchyma of the nodule in the latter term of stage 2.
The maturation of vascular tissues proceeds acropetally after stage 3.

12. The vascular bundles of the nodules are of an ectophloric concentric bundle

type, having several scalariform vessels in centre,



