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In this investigation, the influence of ten different alkaloids, three non-
alkaloids and yeast water was tested with special reference to the growth and
morphology of the nodule bacteria. )

Regarding the formation of bacteroids by the nodule bacteria, Bruerinck?
reported in 1888, and many other papers are found since then. Brwrey and Hur-
cmNsoN® described their life-cycle in the culture medium dividing the eycle
into five stage and observed as to the factors which cause the production of each
stage. TrorNTON and Gtanauree® studied the morphological change of the nodule
bacteria in the soil and also in the host plant. Later Gieson® noted six different
morphological variation of the nodule bacteria®~%. The authors observed the
bacteroids frequently in the course of previous investigation. It is very inter-
esting to know at what stage in the life-cycle the nitrogen is fixed in a large
quantity, and on this subjeet BrurriNnok! reported that the fixation takes place
only when the bacteroids are present which was substantiated by Nosse and
Hicrner'® who experimented with peas and robinie. Later, however, Beurrinck’s
hypothesis was refuted by Prrirrer and Lomnis!D although it is not conclusive.
On the other hand, the presence of bacteroids in the nodules which are rather
rare in the artificial culture, seems to have some connection with the fixation of
nitrogen. At the sametime, it was reported that the bacteroids can be produced
in the culture medium by changing the composition of medium especially by the
addition of alkaloids as noted by BartHEL'® who chaimed that the formation of
bacteroids in the nodules is due to their alkaloid contents. Again Vira!® and
Hanrraxis!® reported that the leguminous seeds under aseptic condition fix the
nitrogen in the presence of alkaloids but it was refuted by GirrscraNorr!®, These
reports stimulated the authors’s interests so that an enquiry was made here as to
the influence of alkaloids and some other chemicals on the nodule bacteria.
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Experimental.

1.) Cultures used : ’

The same strains of nodule bacteria were used as in the previous experi-
ments™, namely Genge Strain A, B and C, bean and clover. The morphology
of these cultures were examined previous to the investigation and are shown in
Plate V and VL

2.) Chemicals used :

The chemicals used in this investigation were chiefly those of alkaloids and
a few of others which have been known to stimulate the formation of nodules
and also the emodine is included since it is found in Habuso (Cassia occidentalis 1..)
and Ebisuso (C. 7ora I.) which are the leguminous plants without the nodules.
The chemicals are listed below :

a.) Alkaloids:
ffuanidine [KHC(NHy);], Pyridine [CH(CH, CH),N]
Caffeine [CgH(N4O,-H,0], Strychnine [CyHz;N,0,]
Strychnine nitrate [C;HxN,0,HNO;]. Brucine [CxHzN,0; - 4H;0]
Chinoline [(CHCH),C,CHCHNCH]
Chinine sulfate [CHz4N20,H,S0, - 7H;0]
Chinine hydrochloride [CxHN,0,HCI - 2H,0]
Morphine hydrochloride [Cy;Hy)NO3HCI - 3H,0]

b.) Non-alkaloids:
Sodium succinate [C;04H;Na,l, Anthraquinone [C¢H(CO),CeH,l
Emodine [C14H,0,(OH),CH;]

There are two varieties of emodine, namely alocemodine and frangulaemodine
and the emodine found in the Cassia plants belong to the latter and is considered
to be the derivative of anthraquinone or trioxymethylanthraquinone.

3.) Preparation of culture media :

The medium was prepared after Arrison™ slightly modified and the chelm-
cals were added in different concentrations by taking 1 % solution of each chemi-
cal. Some chemicals were not dissolved in water and used as emulsion. The
yeast water was made up as usual and added as the original solution. The solid
agar medium was made by adding 1.5 % agar as usual.

4.) Inoculation and examination of the culfures :

The stock culture of 4 days old, incubated at 28°C. was suspended in the
sterile water and the streak culture was made as uniformly as possible, and
examined at different intervals for the rate of growth by the naked eyes, and on
the 7th day, the microscopical examination was made for the morphology as done
previously>=%, The results are noted in the following tables.
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Table 1.

Influence of Chemicals on Genge Nodule Bacteria, Strain A.

Rate of growth by days.

Cells on 7th day.

Chemicals. Conc. Bum
2|4 |7]|10|14} of Form. Bize. ()
(%) +.
Control. — + HIH HH 9 Short rod. 0.3%x0.5-0.5%0.8
100 |4+ |4+ | H | H|H 8 * 0.3%05-05x%x1.0
050 |+ |+ | H | H | H 8 ” ”
Guanidine.
010 |+ | H | H I HIH 9 . 0.8x0.5-0.5%0.8
008 || |wliale]l & 2 0.3%0.5-0.5%1.0
100 | = | = ||+ |+ 3 | Rod air bubble.{ 0.4x0.8-10x3.5
050 | — |4 |H |+ |+H | 7 | Shortrod. 0.3%0.5-0.6x1.0
Pyridine.
0.10 == | = | 5 ” ”
005 | — | =4+ H|H 5 Rod granule. | 0.3x0.5-0.6x1.5
100 | = | = | = | = | = 0 = -
050 [ | = | = | o= | = 0 o =t
Caffeine.
010 | = | = |+ |+ |+ 3 Irregular. 04x08-~-12x70
005 | = | = |+ |H|H 5 | Rod air buhble.| 0.5x1.0-1.0x25
100 | = | = | == | = 0 — =
050 | em | == | o= | = | o 0 s ==
Strychnine. Rod club .
010 | = | = |+ | H | H 5 pr—— 04x0.8-10x20
005 | = |+ |4+ |+ H 5 S8hort rod. 03x08-0.7%1.0
100 | = | = | =] =} == 0 - s
Strychnine L Bl R L bt ¥ 3 =
nitrate.; 010 | — | — [+ [H |+ ]| 5 Irregular. 04x0.8-11x40
005 | — | 4 | H | ¥ | #| 10 Rod granule. | 0.3x0.7-0.8x2.0
100 | == | =| =] = 0 s -
050 |e= | =| = | =] = 0 — —
Brucine.
010 | = | = | = | =] = 0 g —
005 [ — |4+ |4+ |H|H| 6 | Shortrod. 0.3%04-04x0.8
100 | = | =|=|=]| = 0 e =
(o3 Tl PN SO (S5 O i S = =
Chinoline.
010 | = | = | = | = | = 0 _ o
000 | =] e ]| == 0 =, =




h6 A, Itano and A. MATSUURA :
Table 1. (Continued.)
Rate of growth by days. Cells on 7th day.
Chemicals. Cone.
Sum
2| 4] %410 4] of Form. Size. (p)
(%) +.
100 | |[— | = | — | — 0 = .
050 | == | =|=|[= 0 = -
Chinine sulfate.
010 | = | == | = | o | == 0 — -
005 | == | = || 4|+ 3 Rod. 0.3x06-06x15
100 | = | = = | =] = 0 e e
Chinine Sl ] sl g s e =) =
hydrochloride.| 010 | =] =] = | = | — 0 ", s
005 | = | = |=|=] — 0 — =
100 |+ |+ |+ |+ H (] Short rod. 03x08-0.7%1.0
Morphine 060 |+ |+ |+ + | H 6 Rod cocceic, 03x03-05x12
hydrochloride.| 010 |+ |4+ |+ |+ |H | 6 Rod. 0.2x0.5-0.6x 1.2
005 | =— |4+ |+ |+ |+ 5 Short rod. 03x06-05x1.0
100 |=|=|=|—=] = 0 — =
Sodium KRER e s ] ] 0 T 4
succinate.| 010 | — | = |4 | + | H 4 Short rod. 0.3x0.8-05x1.0
005 |4+ 4|+ |+ |+ 6 Rod granule. | 0.3x0.8-0.5x2.0
100 |+ 14|+ |+ H 6 Short rod. 03x05-05x1.0
050 |+ |+ |+ |+|+ 5 % 03x05-04x0.8
Anthraquinone.
010 |+ 1 H H | H!IH 9 Rod coccic. 03%04-056x1.2
006 | — |4+ |H | H|H 7 | Short rod coceic.| 0.3x 0.3 ~-0.6x 1.0
100 | = = | = | = | — 0 —-— =
050 | = | = | == | =] = 0 o s
Emodine.
010 | 4+ | + H | H | 8 Short rod. 0.2x04-0.4%0.38
006 | — |4+ |+ |+ H 5 Rod. 04x068-0.6x1.5
10.00 | 4 | 4 | Hi | HH | HH | 19 Rod granule. | 0.3x0.5-0.8x15
1.00 | 4 | W W | || 16 5 03x05-08x13
Yeast water. 050 | <4 |+ | | ) | 15 5 03x05-08x1.4
010 | 4 |+ | 4 | #H || 12 " 0.3%05-08x15
005 |+ |+ | ||| 12 - 03x06-0.7x15

Note: The number of 4 indicates the rate of growth.
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As Table 1 indicates, no growth was found where chinoline and chinine hydro-
chloride were added ; in brucine and chinine sulfate, the feeble growth was
obtained only in 0.05% while no growth was observed in 0.5% caffeine, stry-
chnine, strychnine nitrate, sodium succinate, emodine ; the best growth was
obtained in 10% yeast extract which gave good results in all the cases; the
growth in guanidine, anthraquinone was fairly good but no better than that in
the control. Morphologically the bacteroids were rather numerous especially in
pyridine, 0.1 and 0.5 % caffeine and 0.1 % strychnine nitrate. They were crossed,
y-shoped and some were branched as shown in photographs, Plate VII. Armon'®
reported that the bacteroids do not rejuvenate but in our cases, they rejuvenated
a8 soon a8 they were transplanted to yeast mannit agar and resumed the rod
forms.

The results obtained with Gienge nodule bacteria, strain B are presented in
Table 2.

(See Table 2 on page 58—59.)

As noted in Table 2, the complete prohibition of growth took place only in
chinoline, and in brucine, chinine sulfate and chinine hydrochloride, grew only
in 0.05% concentration while no growth was observed in the higher concen-
trations than 0.5% in cases of caffeine, strychnine, strychmine nitrate, sodium
succinate and emodine ; 10 % yeast extract was very good as usual, and the
others were just about the same as the control. The rod forms were prevalent
and a few of the coccic and oval forms were present, and the bacteroids were
found in 1% pyridine, 0.10 % caffeine and 0.05 % chinine sulfate.

Table 3 presents the results obtained with Genge nodule bacteria, strain C.

(See Table 3 on page 60—61.)

No growth was observed in chinoline, chinine sulfate and only in 0.05 %
chinine hydrochloride, the growth took place while no growth above 0.5 % con-
centration of caffeine, brucine, strychnine nitrate and sodium succinate ; in case
of emodine, 1.0 % concentration alone prevented the growth ; the yeast extract
was effective as usual. Morphologically a- majority of cells were rod and the
coccic forms were rather numerous, and some interesting bacteroids were found in
caffeine and chinine hydrochloride.

The results obtained with the bean nodule bacteria are noted in Table 4.

(See Table 4 on page 62--63.)

As noted in Table 4, no growth took place in chinoline and chinine sulfate
while only 0.05% brucine and chinine hydrochloride allowed the growth; in
_ pyridine, caffeine, strychnine nitrate, sodium succinate and emodine, above 0.5 %
concentration prohibited the growth ; in guanidine and strychnine grew in all
the concentrations except 1.0 % ; the yeast extract was as effective as usual.
Morphologically the rod forms were prevalent and numerous bacteroids were
found in 0.05 % pyridine, 0.1 % caffeine and 0.1 % strychnine nitrate.

Further the results obtained with the clover nodule bacteria, are presented
in Table 5. (See Table 5 on page 64—65.)
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A. Itaxo and A, MATSUURA :

Table

2.
Influence of Chemicals gn Genge Nodule Bacteria, Strain B.

- —

Chemicals.

Cone.

Rate of growth by days.

Cells on 7th day.

o 3 Sum
2 10| 14| of Form. Size.
%) 4 (»)
Control. — + |+ | H|H|H 8 Rod. 03x%x05-06x1.2
100 |+ 4+ |+ | H H 7 Short rod. 03x04-06x1.0
Short rod
050 [ = |4+ |H |[H|H| 7 . 103x05-06x1.0
Guanidine. Sl
010 |+ |H | H | H|H 9 Short rod. 02x%0.5-05x1.0
Short rod
005 |4+ | H|H I H | H 9 oo 02x04-05x1.0
T S Irregular
1.00 + |+ | H 4 air bubible. 05x1.0-10x5.0
050 |4+ | H|H H H 9 Rod granule. | 0.3x05-0.7x1.2
Pyridine.
010 | — |+ | H | H | H 7 Short rod. 0.3x06-06x1.0
005 | — |4+ |H | H|H 7 Rod coccic. 02x03-05x1.2
100 | = | = | = | = | = 0 — =
0.50 —_—| | - - - 0 —_ e
Caffeine.
Irregular ,
010 | o [ | = | 4 | 3 e Suibible; 06x12-12x4.0
005 |= |4+ |H | H H 7 Rod granule. | 0.4x0.8-0.8x2.0
300 e et T =TT = o,
050 | = | = | = | == | = 0 — —
Strychnine.
010 | = |4 |4+ |+ |+ 4 Rod granule. | 0.3x0.5-06x1.5
0.05 - + 'H' H ‘H' 7 » »
100 | = | = | = | == | = 0 = -
Strychnine L Sl Rl il MR = e
altrate. | 010 | = [ = [ =k | 4 3 Rod granule. | 0.3x0.6-0.8x1.8
006 | = |4+ |H | H|H 7 Rod. Q.3 x05-06x%x1.2
100 | == | =| = | = 0 — —
050 | = | =|=|—=|— 0 — v
Brucine.
010 | = | = | = | = | = 0 — e
005 | = |4+ |+ |H|H 8 Short rod. 0.3x0.5-06x1.0
100 [ = = | = | = | — 0 = ==
050 |em | = | == | = | == 0 —_ —_
Chinoline.
010 | = | = | =| = | = 0 — ot
005 | = | == | = | = | = 0 = —
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Table 2. (Continued.)

-59

Rate of growth hy days.

Cells on 7th day.

Chemicals. Conc.
Sum
2|4 | 711014 of " Form. Size. (1)
(%) -+
3102 e e I L BT = =
050 | = | = | = | = [ = 0 —_ it
Chinine sulfate.
010 | = | = | = | == | = 0 — —_
006 | = | = | = | 4|+ 2 Irregular. 05%1.0-~1.0x4.0
100 | = | = | = | = | = 0 p— <z
Chinine HRE (L e o =
hydrochloride.| 010 | = | = | = | = | — 0 & =
005 | = 1l ISl S RS Rod. 03x0.6-05x12
100 | — |+ {4+ | H | H 6 Short rod. 03%x0.56-05%x1.0
D =5
Morphine 050 |+ |+ |+ |H|H]| 7 Rod. 0.2%0.5-06x1.2
hydrochloride.| 010 | — |4 | 4+ | H# | H 6 "y 0.3x0.6-05x1.2
006 |+ | #3188 8 | Shortrod 0.3x0.5-06x10
100 | = | =] = | = | = 0 o s
Sodium i e o et e 0 o —
succinate.| 010 | == | — | = + | + 2 Rod granule. | 0.3x0.5-0.7x2.0
005 |+ |4+ |+ |+ |+ 5 Short rod. 0.3x%0.5-0.5x%x1.0
1.00 — + + + + 4 ” ”
| 050 (4 |+ |+ |+ + 5 - 03x06-05x1.0
Anthraguinone. T
- gular .
0.10 + 14+ |+ 4 . &ir Bubbie. 056%1.0-0.8x%x25
Short rod
005 | = |+ |+ |+ |+ 4 Sonin: 0.2x0.3-0.5x1.0
100 || = [ e S = =
050 | = | =] = | = | = 0 pe —
Emodine.
010 | — |+ | H | H|H i Rod. 0.2x05-06x1.2
005 | — | 4+ | 4+ |4+ | <+ 4 Rod granule. | 0.3x05-0.7x1.8
Rod coccic
1000 | 4 | HH | u | o w21 granule, | 03%0.5-05x 1.5
100 | 4 | ft | Wi | HiH | o | 20 Ron granule. | 0.3x0.5-0.7x1.2
Yeast water. | 050 | 4 |t | W | i | 20 | Bod e e, | 0-2X0.5-08x15
010 | 4 | H+ | M | W | | 16 Rod oval. 03%x05-05%x1.5
005 |4 |44 |# || W 13 5 03x%x05-0.6x1.2

Note: The number of + indicates the rate of growth.
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A. ITANo and A. MATSUURA: .

Table 3.
Influenca of Chemicals on Genge Nodule Bacteria, Strain C.

Chemieals.

Cone.

Rate of growth by days.

Cells on 7th day.

214 (7/(10]|14 e )
of Form. Bize. (p
(%) +.
Control. — | = | #[#||4| 8 [Shorerod o 102x03-05x10
100 |+ |+ | H |[H|H| 8 » »
Coccic
i 050 ['= & laper [ ] 7  hort rod, | 03%03-05x08
Guanidine. . Sl onipedd
0.1 -+ i+ |+ H 6 Soaiie 03x03-05x1.0
005 | — |4 |+ |+ |+ ]| 8 " 0.3%0.3-05x0.8
100 | = | = |4+ |+ | + 3 Rod granule. | 0.2x0.3-10x15
050 | — | HiH | H|H 8 Rod. 03%x05-06x1.2
Pyridine.
010 | — H | HIHIH 8 Rod coccie. 03%0.3-07x1.0
i 005 | = |H i+ |HH| 8 L 0.3%05-05x1.0
100 | = | = | = | == | = 0 —_ =
050 | wm [ = | = | = [ = 0 — e,
Caffeine.
T (- Irregular "
0.10 + | 4+ | + 3 air Budible: 04x07-10x3.0
005 | = |4 |4+ |4+ |+ 4 e 0.3%06-0.7%3.0
100 Jom fom |4 ||| 3 e 0.3x05-10x25
050 | = | = |+ |4+ |+ 3 Short rod. 03x06-05x1.0
Strychnine.
010 | = (4 |4+ | 4+ | + 4 Rod. 03x%x04-07x20
Short rod
005 | — ||+ |+|+]| 4 coocic, | 03%03-0.5x10
100 | = = | = = | = 0 — =
Strychnine Sl e e il gt W e .
nitrate. | 010 | — |+ |H|H | H]| 7 Rod coccic. | 0.3x0.3~-0.7x1.2
005 | = |4t |+ |+ |+H!| 8| Shortrod 03%04-05x10
1.00 —_— o — | = — 0 - e
050 | = o= | o= [ =] = 0 — —
Bruocine.
010 | =~ ||+ |+| 3 Rod granule, | 0.3x06-10x15
G065 | = e L (el 4 Cocciihm ¢ rod, | 0-2%0.2-0.5%08
100 | = | = [ o= [ = | = 0 e =
080 | m | oo [ sl | - =
Chinoline.
010 | o= | = | = | = | = 0 = i
005 | =] = |ns | == 0 = —
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Table 3. (Continued.)
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Rate of growth by days.

Cells on 7th day.

Chemicals. Cone.
Sum
2 I T el o Form. Size. (r)
(%) +.
100 | = | = | =] = = 0 == -
050 |=| = | = | = | = 0 — -
Chinine suliate.
010 | e | oo | = | = | = 0 = —
006 | | o= [ e | e | = 0 — —_
100 | o= | = | = | == | = 0 — =
Olntoe AB0 " fsme f e i s s g s e
hydrochloride.| 010 | = | = | = | = | — 0 ot =
Irregular
005 | — | — |+ |+ |+ 3 air bubble. | 0% 0:8-1.2x3.0
Short rod
100 | = | 4|44+ 4 —— 0.2x03-05x%x1.0
Morphize 050 | — | H | H | H | H 8 25 0.2x0.3-05x%08
hydrochloride.| 010 | — | # | + | # H 8 5 03x04-07x1.0
005 |= ] el | S50 B Rod 0.3%x04-07x1.2
100 | = | o= | = | = | = 0 i =
Sodium QR0 | o e ) s it s B 2P e
inate. e Short rod 29
suceina; 0.10 +  HH 5 JTTY 0.3%x0.4-05x0.8
005 | — |+ |H|H|H 7 Rod granule. | 0.3x0.6-1.0x20
100 | = |4+ |4+ |+ | + 4 Short rod. 02x05-05%x0.8
Coceic
050 | — i+ |H|H|H 7 02x03-06x1.0
Anthragninone. short rod.
010 | —!H | HIH|H 8 Short rod. 03x05-0.3x%x1.0
Short rod
0056 |— |+ |H | HIH f A 03x05-05x%x1.0
100 | = | = | =] =1 = 0 = s
Rod club
050 | o= | == | = | & | & 2 03x05-06x20
Ewmodine. granule.
010 | = |+ |4+ |+ |+ 4 Rod granule. | 0.2x0.3-0.8x2.0
Short rod
005 | s | o] e Ll coccio, | 0:2%0.3-05x08
10,00 | — | 44 | HH ) i | B | 19 Short rod. 0.3%06-06x0.38
100 | — | W | W4 | M | W | 18 - 03x0.5-0.7x1.0
Yeast water. 0.50 | = | H | | | WL 17 3 0.2x05-05x0.8
010 | 4 | HF | Ht | H+ | M| 13 - 03x05-06x1.0
005 |—|H|H|H|H#]| 8 . 03x0.4-05x08

Note: The number of + indicates the rate of growth.
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A. Trano and A. MATSUURA :

Table
Influence of Chemicals on Bean Nodule Bacteria.

4.

Chemicals.

Cone.

Rate of growth by days.

Cells on 7th day.

2(4]|7|10]14 Sur(n
ol Form. Size.
%) b rm ize. ()
Control. — =l | 4 7 Rod. 03%0.5-06x1.2
100 | = | == | = | = | = 0 e —_
060 = |||+ |+ 4 Short rod. 0.3%0.5-06x1.0
Guanidine.
010 |+ |+ | H | H|H 8 Rod granule. | 0.3x0.8-06x1.2
005 | = |+ |4+ |+|+ 4 Short rod. 03x0.5-05x1.0
100 b=l [l 0 = =
060 |=| =] =|=|=— 0 — —
Pyridine.
010 | = [+ | H | H | H 7 Rod granule. | 0.2x0.4-06x1.2
Irregnlar
005 |= |4+ |H | H | H 7 alr Bablic. 03x0.8-12x3.5
100 | = | = | = | = | = 0 — -
050 |=|=|=|a=|=] 0 - =
Caffeine.
B Irregular
010 | = + |+ |+ 3 air bubble. 9.5 x1.0-12x55
005 |= |+ | H I H I H o Rod granule. | 0.2x05-08x1.2
100 | om | o | o | o | 0 — =
050 | = | = | = | 4|+ 2 Rod. 03x0.5-0.7x1.5
Strychnine. Rod clth
010 | —| =4+ |H H 5 granule. 0.3x05-10x2.0
005 | = |+ |+ |+ |+ 4 Short rod. 03%04-06x1.0
1001 [remyfres ] o s ) © = =
Strychnine Sl bl el ol Bt Ll A | 1— =
i 3. e rregular 3
nitrate.| 0,10 + | HH 5 S Bubhe: 05%x1.0-10x%5.0
005 | — | = |4+ |H|H b Rod granule. | 0.3x0.7-0.7x1.2
100 | = | = | —=|—=|— 0 —_ ===
0600 [ PR i = s G = —
Brucine.
010 | = | = | = | = | = 0 — =
005 | = |4+ |+ |+ |+ 4 Rod coccie. 0.2x0.3-0.5x1.2
100 |om}an]on]a=p| 0 — —
050 | = | = | = | =|= 0 — —_
Chinoline.
010 [om | om | = | e | = 0 oo —
005 [e= | = | = | =] — 0 — =
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Table 4. (Continued.)
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Rate of growth by days.

Cells on 7th day.

Chemicals. Cone.
Sum
2|41 7(10114 | of Form. Size. (1)
(%) +.
100 | =] =| =] =] = 0 e .
050 | o= | = | o= | = | = 0 i =
Chinine sulfate.
010 | = | = | = [ o= | = 0 fae =
005 | = | o | = | = | = 0 —_ =k,
100 | = | = | = | = | = 0 e =
Chinine Ll e et et R ™ % - s
hydrochloride.| 010 | = | = | = | = | = 0 - -
005 | o= | = |4+ |4+]|+ 3 Rod elub. 0.3x0.5-0.7%20
100 | — | 4+ | H | H | H 7 Rod granule. | 0.3x05-0.8x1.2
Short rod
Morphine 080 §=s | |k ¥ a1 granule. i
hydrochloride.| 010 | — |+ |H | H |[H | 7 Short rod. 0.3x0.5-0.6x1.0
005 | = |+ | H|H | H 7 Rod. 02x05-08x15
-
100 | = = | = [ = | = 0 — 5
Sodium 00§ e | v | ff e i 0 o k=
suceinate.| 010 |—|— |+ |+ |+ | 3 | Shortrod. 0.3x0.4-0.5x0.8
005 [ — |+ |+ |+ |+ 4 Rod coccie. 03%x04-06x12
100 | = | 4+ |+ |+ | + 4 Short rod. 02x05-05%x10
080 [ = |4t leisi 4 J 0.3x05-05x0.8
Anthraquinone.
010 | = | 4+ | + | + | + 4 o 0.2x0.3-05x1.0
005 | — |+ |+ |+ |+ 4 . 0.3x0.5-0.5x%0.8
100 | = | o= | == | = | = 0 - Py
(317 o I (R e R S R ) - o
Emodine.
010 | — | 4+ |+ (H H 6 Rod. 0.2x%x05-05%12
005 | = |4+ |+ |4+ |+ 4 it 03x05-06x1.5
10.00 | < | Ht | W | M| HH | 20 Rod grannle. | 0.3x0.6-0.6x1.56
1.00 | 4 | 4 |t | e w20 . 0.3x0.5-09x15
Yeast water. 050 | -4 | Mt | HH | HH | HH | 20 5 03x%05-07%x15
0.10 | = | Hb | HH | H | # | 12 Rod. 04x0.7-07x156
005 | = | bl agl gt L | B . 0.2x0.7-07x12

Note: The number of + indicates the rate of growth,
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Table 5.
Influence of Chemicals on Clover Nodule Bacteria.
Rate of growth by days. Cells on 7th day.
Chemicals. Cone. Snm
21 41 % |10F34] of Form. Size.
(%) +. e
Control. R R T TR TR TR T Rod. 03x0.5-06x1.2
S Irregular -
1.00 + | | 7 ale Bikble. 05x08-11x30
: 050 | — |+ |+ |+ || 8 o 03x0.5-0.8x3.0
Guanidine.
010 | + |+ | | Ht| Y 12 - 05%1.0-08x30
005 |+ | #4 | Ht | #H { ## | 13 | Rod air bubble.| 0.3x0.5-08x2.5
1000 < lhaeert oy | e s [ 10 - &
050 | — | — |+ |H|H 5 Rod. 03x05-0.7%1.8
Pyridine.
010 |— |4+ | HIH | H 7 Rod granule. | 0.3x0.5-0.7x1.2
Rod club
005 | = |+ | Ht | Bt | HH| 11 e 03%0.6-10x2.0
100 | = | = | o= | = | =— 0 — Rl
050 | em | = | = | o= | = 0 s =
Caffeine. *
010 | o= | = | 4 [+ + 3 | Rod air bubble. | 0.3x0.8-10x25
005 |4 |+ |+ | #t || 10 " 0.3%0.7-0.7x3.0
1.00 | — | = ! H | H | # 8 Rod granule. | 0.3x0.5-0.7x1.5
050 | = |+ | Ht | H | H 11 ¥ 0.3x05-06x2.0
Strychnine.
010 | 4 |+ | #t | || 12 P 0.3%0.5-0.8x2.0
005 | 4 |+ |H |+ |[#] 10 = 0.2x0.7-08x15
100 | ew | = | = | = | == 0 — —
Strychnine R o oo | ] = | 30 = -
nitrate.| 010 | 4 | H | Ht | Bt | | 13 Rod granule, | 0.3x0.5-0.7x1.5
005 |44+ | ## | H4 | Ht | # | 14 | Rod air bubble.| 0.3x0.5-0.5x25
100 | = | = | =|—=]| — 0 — —
050 | mm | | om | = | = 0 —_ —
Brucine.
010 | o= | = | = | = | == 0 — —
005 | + |+ | Ht | Ht | # | 12 Rod granule. | 0.3x0.5-0.8x2.0
SR P R FE LR o S = —
080 | ws | oon | v | o | e 0 i e,
Chinoline.
010 | = | = | = [ = | == 0 - =
005 | = | o | om | = | = 0 — N
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Table 5. (Continued.)
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Chemicals.

Cone.

Rate of growth by days.

Cells on 7th day.

Sum
24| 7(10]14 of Form. Size. ()
(%) +.
100 | = | = | = | o= | = 0 = %
050 |em | om | = | = | = 0 = "
Chinine sulfate.
010 | em [ = | = | = [ = 0 s o
006 | = | =i=|—=|[= 0 — ==
100 | = = | = [ = | = 0 = —
Chinine L LA A, e =
hydrochloride.| 010 | = | — | = | — | — 0 — —
005 | == |+ |+ |+ 3 Rod granule. | 0.3x0.7-0.8x%20
Rod club
100 | 4+ | H | B | 12 Sie bubile. 0.3»0.8-0.8x25
Murphiie 050 |+ | H | H|H|H 9 | Rod air bubble.| 04x0.7-1.0x2.5
hydrochloride.| 010 |+ | H |+ | H | # | 20 % 0.3x05-08x25
006 |4 |+ |H|H | #| 9 - 0.3%x0.9-08x25
100 | = | e | e | = | = 0 — i
Sodium LB R B E R A 4 13 o
succinate.| 010 | — | 4 | # | # |4 | 12 | SBhortrod.’ |04x05-08x1.0
0056 | — | 4+ | H |+ |m] 1 Rod. 03x08-06x1.2
100 | = | H | H [ H | H 9 - 0.3x0.7-0.7x20
050 | 4 | Hb | 4 | # | | 23 Rod granaule. 5
Anthraquinone.
010 | — | H [ | H# | 11 » »
005 | = | Ht ||t | # | 12 » 0.5%x0.8-08x2.0
100 | = | = | = | = | = 0 = i
060 | =14+ |+ |H|H 6 Rod granule. | 0.3x0.56-0.8x1.5
Emodine.
010 |+ [ H | H [+ | #]| 10 o 03%056-0.7x15
005 |+ |H | H|#H | #H| 11 5 0.3x0.7-0,7%x20
10.00 | H | i | HH | HH | W | 21 5 04x08-08x1.8
1.00 | | W | ||| 18 Rod. 03x05-07x1.2
Yeast water. 050 | H | Ht [ H | HH | #| 16 R 03x05-05x1.2
Short rod
010 | 4 | Hb | H4 |t | HH | 15 o 03x04-05x%0.8
005 | 4 | Hb | # | # | W] 15 Rod. 03x0.8-0.8x1.5
Note: The number of 4+ indicates the rate of growth.




66 A, ItaNo and A. MATSUURA :

It is noted in Table 5 that chinoline and chinine sulfate prohibited the
growth completely while brucine and chinine hydrochloride allowed the growth
only in 0.05 % ; no growth above 5 % concentration of caffeine, strychnine nitrate
and sodium succinate took place ; in pyridine and emodine, no growth was possi-
ble only in 1.0%. As a whole, the growth of clover nodule bacteria was about
the same as the foregoing organisms, no chemicals added stimulated the growth
but the yeast extract. The form of cells was rod mostly, and the bacteroids were
numerous in guanidine and caffeine.

The results obtained in the foregoing five experiments seem to indicate that
these five different nodule bacteria showed a similar tendency with very slight
variation. Besides the yeast extract, guanidine, morphine hydrochloride and
anthraquinone have stimulating influence to some extract, while pyridine and
strychnine were none better than the control. On the other hand, chinoline
depressed entirely the growth of all five strains of nodule bacteria, and chinine as
well as brucine were detrimental for the growth. In the previous publication?,
it was reported that the alkaloid-like constituents in the nodules have little to do
with the growth of nodule bacteria, and now the report was substantiated by the
results obtained in this investigation by using the known chemicals. Morphologi-
cally no uniform results were obtained, and more or less number of bacteroids
were found in all the cases although there were some differences by the different
chemicals added, for instance, more of the large bacteroids were formed in
caffeine and some in pyridine, strychnine, strychnine nitrate and chinine. In a
majority of cases, more bacteroids were produced where the growth was feeble
but not all the cases. Caffeine and pyridine seemed to stimulate the formation of
bacteroids of large size which are rarely found under the natural conditions, as
shown in Plate VI

The concentrations of chemicals in which comparatively large bacteroids
were formed, are given in Table 6. (See Table 6 on next page.)

Table 6 indicates clearly that caffeine stimulates the formation of large
bacteroids in all strains of bacteria. It is morthy to note that guanidine causes
the formation of large bacteroids with bean nodule bacteria only while morphine
hydrochloride has the same action with clover nodule bacteria alone, in all con-
centrations ; also it is interesting to find that emodine showed some influence.

Summary.

The influence of the different alkaloids, three non-alkaloids and yeast water
on the growth and morphology of the nodule bacteria as investigated and the
results are summarized as follows :

1.) None of the chemicals tested was effective in stimulating the growth
of bacteria in comparison with the yeast water. They in general were rather
harmful and more so as the concentration of the chemicals increased.




Influence of Various Concentration c¢f Chemicals on the Formation

Studies on the Nodule Bacteria. X.

Table 6.

of large Bactcroid.
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Concentration of chemicals (%) and strains of bacteria.
Chemicals.
Genge A. | Genge B. | Genge C. Bean. Clover.
1.00
. 0.05
uanidine. — — 0.10 —
0.05
Pyridine. 1.00 1.00 — 0.05 0.05
Cabibi 0.10 0.10 0.10 010 0.10
i 0.05 0.05 0.05 ‘ 005
Strychnine. 0.10 — 1.00 0.10 —
Strychnine nitrate. 0.10 — o 0.10 0.05
Chinine sulfate. — 0.05 —_ — —
Chinine hydrochloride. — — 0.05 0.10 —_
1.00
Morphine ot A - i 0.50
hydrochloride. 0.10
0.05
Sodium succinate. — 0,10 0.05 — —
o 0.50
modine. — 0.10 — —

Note: The numerals in the table denotes the concentration of chemicals.

2) Among the chemicals used, guanidine, morphine hydrochloride and
anthraquinone were not harmful for the growth; pyridine and strychnine were
not so good as the formers; chinoline was harmful and the growth of all five
strains of bacteria was prohibited, while chinine compounds and brucine were less
bharmful.

3) By the addition of chemicals, various forms of bacteria are produced
such as rod, coccie, oval, club, branching etc., and in some cases, the granules and
vacuoles are produced in the cells. But no correlation was found between the
concentration of chemicals and the degree of morphological variation. .
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4) Caffeine seemed to be the most effective agent in production of large
bacteroids in all strains of bacteria ; pyridine, strychnine, strychnine nitrate and
chinine compounds were effective in all cases while guanidine and morphine
hydrochloride were effective only against some special bacterial strain. Among
the non-alkaloids, the large bacteroids were found were sodium succinate and
emodine were added, and none in cases of brucine, anthraquinone and yeast water.

5) As a whole, more of the large bacteroids were found where the growth
was poor but not all the cases.

6.) From the foregoing results, it may be stated that the alkaloids have no
stimulating effect on the growth of nodule bacteria but they are effective in
producing the large bacteroids.

The authors wish to acknowledge with thanks the financial support
rendered by the Japanese Society for Promotion of Scientific Investigation
(Nippon Gakuzyutu Sinko Kwai) to carry out a part of this investigation.
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PLATE V.

Morphology of Genge Nodule Bacteria at different Age on Yeast-mannit Agar.
(1,000 )

24 hours old. 4 days old.

30 days old. 70 days old.




PLATE VL

Morphology of Genge Nodule Bacteria in the Nodules on the Plant
Root of different Age.

(1,000% )

On one leaf stage. One two leaves stage.

One month old. Six months old.




PLATE VIL

Morphology of Genge Nodule Bacteria with different Chemicals.
(1,000% )

Caffeine 0.10 %. Caffeine 0.0 5%.

Strychnine nitrate 0.15 %. Emodine 0.05 %.




