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to the Titanium Salts.
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In a preceding paper?, it was reported that the nodules of leguminous
plants stimulated the growth of nodule bacteria best of all the parts used. In
this paper, the influence of ash contents in the nodules was investigated with a
special reference to the titanium salts, and the results are presented.

It was reported by Konmsa: and his co-worker® that the nodules are rich
with titanium as their results of spectrum analysis, and that the addition of
titanium increased the formation of nodules and it was suggested that titanium
may have some intimate relation with the physiological activities of nodule
bacteria.

Experimental.

1. Cultures Used :
The cultures were the same as used in the previous investigation, na.mely.
Nodule bacterial strains A, B and C of Genge and one of each bean and clover.

II. Chemical Analysis of the Nodules and other Paris of Bean Plant :

The samples were burnt to ashes and analysed for various inorganic con-
stituents, as noted in table 1, in the soluble portion, in hot hydrochloric acid.
Titanium was determined by Hiipesranp’s®:® method which is carried out as
follows : the HCIl solution is evaparated to dryness and taken up with KHSO,
solution to which H,0, is added and the quantity of titanium is determined
colorimetrically. The results of analysis are shown in Table 1.

(See Table 1 on next page.)

Table 1 indicates that the ash content was largest in leaves and stems which
amounted to 8.016 percent and the least in the nodules, 3.013 percent on the dry
matter basis. The insoluble matter in hot HCl was rather high in the roots and
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Table 1.
Inorganic Constituents in various Parts of Bean Plants.
Dry matter. Ash.
Constituents. Stem Stem
Beeds. | and Roots. (Nodules.| Seeds. and Roots. |Nodules.
leaves. leaves.

)

(%) | (B | (%) | (%) | (%) [ (%) | (% (%)
4947 | 3.013 | 100.000| 100.000 100.000 | 100.000

Ash, 4.285 8.016

Insol. matter in HC1.| 0.857 | 0.865 | 0.617 | 0.202 1.330| 10.791| 12472 6.704
S0; 0.011 0.188 0.101 0.037 0.252 2.340 2.038 1.221
Fe;03 0.014 | 0023 | 0.053 | 0.031 0.320( 0.287| 1063 1.019
CaO 0.230 | 0.898 0458 | 0.335 5356 | 11.199| 9.266| 11.112
Na,0 0.418 | 0.788 | 0.632 | .0.406 9.757 9.971| 12.775| 13.468
K0 1.276 | 1209 | 0934 | 0668 | 29.767| 16.201| 18.874( 22.184
MgO 0.443 | 0.959 0418 | 0411 10.336| 11.966| 8.450| 13.641
P05 1.300 2.340 1.044 | 0.671 30.338| 29.189| 21.100| 22.273
TiOq 0.000 | 0.000 | trace. | trace. 0.000| 0.000| trace. | trace.

leaves-stems while very low in the seeds. The sulfate salts were low in all parts
but comparatively high in the leaves and stems. The iron content was also
rather small except in the roots and nodules which contained comparatively large
amount. The calcium content was highest in the seeds. Na;O was found in the
order of nodules, roots, leaves and stems and seeds while the distribution of K;0
was different, the order being the seeds, nodules, roots, leaves and stems ; MgO
was highest in the nodules and lowest in the roots ; P;05 was highest in the seeds
and least in the roots ; TiO, was found only in trace in the roots and nodules. As
noted above, a considerable amount of P,05; K;0, NaO, MgO and CaO were
found while the others were very small quantity. The presence of MgO in the
aodules is noteworthy although it was found in other parts as well, so that it may
not have special significance on the nodule bacteria. However it is worthy to
note that even a trace of TiO, was found only in the roots and nodules. Conse-
quently further quantitative determination of TiO, was carried out by extracting
it with KHSO, directly from the ash instead of the hot HCI solution since it is
difficultly dissolved in hot HCl. The results are given in Table 2.

Table 2.
Titanium Contents in various Parts of Bean Plants. (P.P.M.)

Seeds. Stem and leaves. Roots. Nodules.

Dry matter. - 0.00000 3 0.43458 1.73059 1.54448
Ash. « » -« o . 0.00000 5.52502 34.45304 52.31001
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As shown above, a small quantity of TiO; was found in all parts except the
seeds, and greatest in the nodules followed by the roots.

1.) Influence of ash constituents of the bean nodules on the growth of nodule
bacteria.

In place of the yeast extract, the ash corresponding to 1 percent of the
original nodule was added to the mannit agar medium, and the growth of nodule
bacteria was examined by the naked eyes and also by the weight of bacterial cells.
The results are given in Table 3.

Table 3.

Influence of Ash Constituents of Bean Nodules on the Growth of Genge,
Bean and Clover Nodule Bacteria.

Rate of growth by days.
Nodule Substance Weight of bacterial
bacteria. added. P 4 7 Sum of | cell after 7 days.
E (mg.)
Control. « - + 4 4 3 2.1
Gonge Yeast. 4 e i 9 54
Strain A, | 1% Nodule. - | + i At 1n 148
A - = + 4 A 3 14
i { % $ + + 3 2.8
Control, » - + + + 6.9
G Yeast. . e HE H#H 113
Stain B, | 1% Nodule. - | + m e 11 174
Ash { i I * - ’ B
B + + =+ 3 486
Control.- - | + <0 + 3.2
Yeast. + B W 11.7
S 1% Nodul 11 134
Strain C. % L8, e + L it e
e { A sl e + e 3 52
B s s + S + 3 3.0
Control.« « | <4 H H 5 5.8
Yeast. . = ki i 10 12.1
Bean. 125 Nodule. - + E i 1 18.4
Al =& + + 4 3 50
h
A {‘B. o] & # » 3 45
Control. - - ke =+ Aok 5 286
Yeast. - . -« ++ Hi it 11 9.4
Clover. 1% Nodule. - 4+ L] i 13 14.8
A, . + ++ 4 5 . S
A { B. + H H 6 5.0

Notes: The number of + indicates the rate of growth.
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Table 3 indicates that the addition of nodules stimulated the growth very
markedly which was followed by the yeast extracts while the ash did not show
any benefical effect and almost equal to the control.

2.) Influence of tilanium salts on the growth of nodule bacteria.
The same experimental procedure was used as in the preceding experiment
except various concentrations of titanic acid [Ti(OH),), titanium sulfate and potas-

Table 4.
Influence of Titanium Salts on the Growth of Genge Nodule Bacteria, Strain A.
Without yeast extracts.
Ti salts. Conc. Rate of growth by days. Morphology on 14th day.
% | 2| ¢ | 7|1 |3"T| Form. Size. (w)
Control. + 4 ++ ++ 7 | Shart rod. | 0.3x0.6-0.4x1.0
5000 | — - - — 0 = =
2.000 [ = - — - 0 -— -
1.000 - - e B 2 | Short rod. | 0.3%0.6~04x1.0
0.500 -— + =t + 3 Rod. i 03x06-04x1.2
Titanie acid. 0100 | + + + + 4 | Short rod. | 0.3x0.5-0.4x1.0
0.050 + 4o + - 4 Rod. 0.3x0.5-04x1.2
0.010 <+ + 3 A4 5 | Short rod. | 0.3x0.5-04x1.0
00061 + | # | # | # 7 » 0.3%0.5-0.4x1.0
000r | o+ | 4 | # | # 7 » 0.3x0.5-0.4x0.8
0.500 . g W e T N
0.100 | <+ + -+ + 4 | Short rod. | 0.3x0.56-0.4x0.8
Titanium G050 | &+ L 4 | | + | ¢ " 0.3%0.6-04x10
sultate. | 0010 | 4+ | + | # | + 6 ) 0.3x0.5-0.4x0.8
0006 | + | # | # | # 7 Rod. |0.3x06-04x1.2
0.001 | <+ A + H 7 ” 0.3%0.6-0.4x0.8
5.000 - - — -— 0 —_ —
2,000 | — - - - 0 = =
1.000 | = o - - 0 — =
0.500 — oo — — 0 — -
Potassium acid | 4400 | — * ¥ & 3 Coacic: 03-04
titanate. g = i ’
0050l | & | | W 6 Rod. |0.3x05-0.4x12
0.010 e -+ 4 By 6 | Short rod. | 0.3x0.56-0.4x0.8
0.005 -+ + ++ + 6 ” "
Coccic- s
0001 | 4+ | + | + | + | 4| ooy | 03x04-04x05
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sium acid titanate were added to the mannit agar medium, and the growth was
examined by the naked eyes and the morphological examination was carried out
microscopically staining with Carbol fuchsin.

The data in Table 4 indicate that while the yeast extracts have marked
influence on the growth, the titanium salts have very slight influence. As the
concentration of titanate increases, the growth became worse and 0.195 was the
limit for the growth while very small quantity caused stimulation. Morphologi-

Table 4. (Continued.)

With yeast extracts.
Ti salts. Cone. Rate of growth by days. Morphology on 14th day.
(%) 2 4 i 14 (S“T' Form. Size. (@)
Control. S H Ht H 10 | Bhort rod. | 0.2x0.4-0.3x0.8
5.000 — e — —_ 0 = s
2000w | e | = 0 - e
noneT |l === R 0 s 2
Coccic-
G0N = el GO N 3 | chovtro. | 03%x04-04x0.8
Titanic acid. 0.100 4 Lk ey s 9 Rod. 0.3%05-04x1.2
0.050 L H+ e e 11 Short rod. | 0.3x0.5-0.5%1.0
0.010 < H H Ht 10 ” £
0005 | 4+ | # | # | @ | 10 Rod. 0.3%06-05x%1.3
Short rod-
0.001 b Lo b H 9 e 0.3x%x04-0.4x0.8
0500 s [ N 3 Rod. 0.2%0.5-0.6x1.2
0.100 Lo H W H 10 Bhort rod. | 0.3x04-0.4x03
Titaninm 0.050 4= H #+ # 10 Rod. 0.3x05-05x%x15
sulfate. | 0010 | H4 | # | # | # | 12 | Short rod. | 0.2x0.4~0.4x08
0.005 & it i W 14 Rod. 02x05-04x1.2
0001 | H | # | # | w | 12 " 0.3%05-0.7%1.5
5.000 -_— o -— — 0 — =
2.000 - — - - 0 = _—
1.000 —_ — o — 0 e -
0.500 — . = - 0 - =
Potassium acid Short rod-
tinute! 0.100 = <} + Lo 4 o die: 0.3%0.4-0.6x%0.8
0050 | — | H | H | H 8 | Short rod. | 0.3%0.5-0.5%1.0
0.010 b it W e 12 Rod. 0.3x05-0.6%1.2
0.005 et pi W i 14 Short rod. { 0.3x0.5-0.6x1.0
0001 | # | # | wh | ww | 18 = 0.2%0.5~05%0.8

Notes: The number of + indicates the rate of growth.
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cally no great variation was noted except some bacteroids were noted where the
0.005% titanic acid and 0.001% titanium sulfate were added.

Same experiment as the preceding one was carried out with Strain B of
Genge nodule bacteria, and the results are reported in Table 5.

The results indicate that titanic acid stimulates the growth and the
optimum concentration was 0.05%; in the presence of yeast extract and when no

Table 5.
Influence cf Titanium Salts on the Growth of Genge Nodule Bacteria,
Strain B.
Without yeast extracts.
Ti salts. Cone. Rate of growth by days. Morphology on 14th day.
(%) 2 4 f 14 0&;“:}. Form. Size. (1)
Control. + L s b +t 7 | Short rod. | 0.3x06-04x1.0
5.000 — - — o 0 — -
2,000 | = - — - 0 -— e
1.000 - - e L 2 | Short rod. | 0.3x0.5-0.4x1.0
0500 | == 4 & + 8 ” ,,
Titanic acid. 0.100 -+ -+ 4= 4 4 »” »
0.050 4 +4 ++ o v ” 0.3%0.6-04x0.8
0.010 + H H H 10 ” 03x%0.5-04x%x1.0
0.005 | <+ H W W 10 T 0.3%0.5-0.4%0.8
0,001 < #H H H 10 ” 0.3%05-04x%x0.8
DBOOR LY & il s 5 s Vs e aibs aille BTHE < s w5 aaie e B s
0.100 — <+ =+ + Short rod. | 0.3x0.5-04x1.0
o T— 0.050 + 34 pRs pas ” 0.3%0.5-04x%x0.8
sulfate. | 9010 | 4 + H H Rod. 0.3x06-04x1.2
0.005 + I 5 HH 10 | Short rod. | 0.3x0.5-0.4x0.8
0.001 + H H +H 7 ” 02%x05-04x1.0
5.000 - - - - 0 " =
2.000 | = = e — 0 — =
1.000 — -_ - — 0 _— e
0.500 -_ s - - 0 — -
Potassium acid " = = - i
titanate. ol i
0.050 —_ - o — 0 -— —
0010 | <+ o +H ++ 6 | Short rod. | 0.3x0.5-0.4%x0.8
0.006 4= 4 b ++ i » ”
0.001 <+ b e Les i ” 0.3%x06-04x1.0
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yeast extract was present, even in 1.0% concentration some growth was observed.
The optimum concentration of titanium sulfate was 0.005% while that of potas-
sium acid titanium was 0.001%4 and the limit for the growth was 0.1 and 0.01% in
the presence and absence of yeast extract respectively. Morphologically only
slight change was observed except some bacteroids were found in 0.005% tita-
nium sulfate.

Table 5. (Continued.)

With yeast extracts.
Ti salts. Chnse Rate of growth by days. Morphology on 14th day.
8 .
%) 2 4 7 14 of“r. Form. Bize. ()

Control. H ol omo | om | W 14 Rod. [ 0.3x05-04x1.2

5000 | = | = | = | = 0 — —_

2 — — — - 0 - -

1.000 - — - —-— 0 — -
0.500 | — 4 4o + 3 Rod. 03x04-04x%x15
Titanic acid. 0100 | H 4 HH H# 13 | Bhort rod. | 0.3x0.5-0.4x0.38
0050 | + (] o W 17 Rod-oval. | 0.3x0.5-06x1.2

Short rod-
0.010 | + #H HH H 14 e g 03x0.4-0.4x0.7
0.005 4 H4 H i 14 Short rod. { 0.3%x0.5-0.4x1.0
Short rod-

0001 | H 4 i W 15 tndte. 0.3x%0.5-0.5x0.8
0500 | - + + ++ 4 ” 03%x04-05x%x1.0
0.100 e i e H 10 | Short rod. | 0.2x0.5-0.4x 1.0
Titan am 0.050 o H | 10 Rod. 0.2x05~0.3x1.2
sulfate. | 0010 | 4+ | # | # | # | 13 | Short rod. | 0.3x05-04x1.0
0.005 ot WY [ Y 17 Rod. 03x05-08x15
0.001 ++ H T #H 14 Short rod. | 0.2x0.5-04x1.0

5.000 —_ s - -— 0 e %,

2.000 —_ — - —-— 0 - =

1.000 —_ —_ — — 0 —_ —

0.500 —_ = -— e 0 — =

Potassium acid

ity agoey e o Ve 6 Rod. |03x05-06x15
0050 | + H i 4 10 | Short rod. | 0.3%x0.5-0.5x0.8
0010 | H Ry H# i 15 ” 0.2x0.4-0.3x1.0
0005 | # | 4 | we | ww | 16 Coceic. | 0.3x0.4-0.4x07
0001 | + H T it} 16 | Short rod. | 0.2x0.5-0.5x0.7

Notes: The number of + indicates the rate of growth.
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Further the similar experiment was carried out with Strain C of Genge
nodule bacteria, and the results are presented in Table 6.

As noted in Table 6, titanic acid has no stimulation where the yeast extract
was absent while in its presence 0.1% stimulated the growth fairly well, and 1.0
and 0.5% were the limit for the growth in the absence and presence of yeast

Table 6.
Influence of Titanium Salts on the Growth of Genge Nodule Bacteria,
Strain C.
Without yeast extracts. .
Ti salts. Cone. Rate of growth by days. Morphology on 14th day.
Sum s
%) 2 4 f 14 of &, Form. Size. (m)
Control. + ++ 4 ++ 7 | Short rod. | 0.3x0.6-04x1.0
5.000 - —_ — - 0 s o
2.000 —_ - - = 0 — =
1.000 - — - 4 2 | Short rod. | 0.3x05-0.4x1.0
0.500 —_ + + - 3 Rod. 03%05-04x1.2
Titanic acid. 0.100 - +H 4+ B 6 Short rod. | 0.3%05-04x0.8
0050 | 4+ | 4 | # | 4 7 o 0.3x%0.5-0.4%0.8
0.010 -} ‘H" 4 +H+ 7 » ”
Coceic-
0005 | + B a Ee + 7 iy sodk: 0.3%0.4-0.4%x0.8
0.001 +- ++ 4 + 7 | Short rod. | 0.3x0.5-0.4x0.8
(a2 e ol [ =1 =t T e R - s e e
0.100 - - + -+ 2 | Short rod. | 0.3x0.5-0.4%x 1.0
— o050 1o | @ 14 | 7 ,, 0.3x0.5-0.4x0.8
sulfate. | 0010 | + | + | H | 7 » o
0.005 + +H A H T ” ”
0008 1+ | | | 7 i 0.3x0.5--0,4%0.8
5000 | — - - — 0 o —
2.000 —_ —_ - - 0 i o
1.000 | — - e - 0 —_ —
0500 | — - - — 0 e =
Potassium acid ; e, - _— ey
titanate. ) g o
0.050 - — -_ + 1 Cocecic. 03-04
Short rod-
oote 4 1R | B 7 oy iod- | 0.3%0.4~04x08
(175,015 0 TR (O M [T 7 | Short rod. | 0.3%0.6-04x0.8
B00L | e o L e | 7 5 0.3%0.5-0.4x 1.0
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extract. Titanium sulfate has no stimulation at all as well as potassium acid
titanium. No marked morphological change was observed.

The similar experiment was carried out as the foregoings, w1th the bean
nodule bacteris, and the results are given in Table 7.

Table 6. (Continued.)

With yeast extracts.
Ti salts. Eone. Rate of growth by days. Morphology on 14th day.
Sum .
%) 2 4 7 14 of %, Form. Size. (@)

Control. # | H | # | w | 1| Shorbrodios.04-04x08

5.000 —_ — — -_ 0 s — N

2.000 — -— -— - 0 —_— —

1.000 - — - —-— 0 = =
0 500 - + + + 3 | Short rod. | 0.3x05-0.5%1.0
Titanic acid. 0.100 | H i #H H 13, ” 0.3x05-04x%0.8
0.050 +4 44 i 1t 11 Rod. 03x056-04x1.2
0010 | # | 4+ | # | # | 11 | Short rod. | 0.3x0.5-04x0.8
0005 | 4+ | 4 | # | w | 12 " 0.2%0,5-0.5%1.0
0001 | # | # | # | # 9 - 0.3x0.5-0.5%0.8

Sh od-
0500 | = | 4 | & | % | 8 | PRI Gox04-04x10
Coccie-

0100 | 4+ | + | # | T | b | 03%05-05x09
Dikaniinm 0.050 4 + H He 9 | Short rod. { 0.2x05-03x0.8
sulfate. | 0010 | + | H | # | # 9 Rod. 0.3%05-05%1.2
0005 | H | # | # | # | 10 " 0.2x0.5-04x1.2
o000l | = | 1 W 8 @ 0.2x05-05%15

5.000 e - e . 0 — e

2.000 — —_ — — 0 - —

1.000 — - s - 0 —_— ==

0.500 . - - -— 0 — e

Potassium acid Short rod-

iy 0100 { & | % | % | % 8 o o | 0.3%0.4=0.5%0.7
0050 | — | 4+ | # | # 6 | Bhort rod. | 0.3x0.5-04x10
0010 | # | + | # | #w | 10 2 0.3%0.5-05x1.0
0005 | +# | # | # | # | 11 | = 0.2x0.5~0.4x10
0.001 & + L H 10 Rod. 0.2x05-05%x1.2

Notes: The number of + indicates the rate of growth.
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As shown below the growth of bean nodule bacteria was stimulated by .0.01%
concentration of titanic acid with the yeast extract and no action without it ; the

Table 7.
Influence of Titanium Salts on the Growth of Bean Nodule Bacteria.
Without yeast extracts.
% aalias Gong: Rate of growth by days. Morphology on 14th day.
' Sum 2
%) 2 4 7 14 i st Form. Size. (1)
Control. + +H H H 7 Rod. 0.3x05-04x1.3
5.000 — — -— -— 0 — =
2000 | - -_ o 4 2 Rod. 03x05-04x%x15
L e [ (T R 3 - 0.3x0.7-06x18
oE0 ] = 9 L |5 3 2 0.3%05=05x1.2
Titanic acid. 0.100 + e H H 9 | Short rod. | 0.3x0.8-0.5%1.0
0.050 — H H H 9 ” 0.3x%0.5-0.4%x0.8
0010 | — | # | # | 9 ; 0.3x0.5-04x1.0
0006 1% | % | & | 7 o -
(o 0 I O (B T 7 # 0.3%0.5-05x1.0
OG00 . s il ni) 5 - o A W [T ST
0A0D & I O ol 4 | Short rod. | 0.3x0.5-0.4x0.8
Titani am 0.050 -_— b 4+ +H 6 » »
sulfate. | 0010-| — | 44 | # | # | 8 » 0.3%0.5-0.4x1.0
0005 | + | # | # | w | 10 # 03%x05-05x1.0
000l | + | # | % | # | 7 ;, 03x0.8-04x10
5.000 — - o - 0 s PR
2,000 — -— -— - 0 e —
1.000 -_— - - - 0 s =
0.500 — —_ -_— —_ 0 — —
Potagsium acid 3 = Iz, o o
titanate. O - » 9
0050 | — - i + 2 | Short rod. | 0.3%0.5-0.4x0.8
0.010 — o} + -+ 3 » 03%x05-04x%x1.0
0005 | + | # | + | 8 Rod. | 03x05-04x12
0.001 E Eey ++ H 8 | Bhort rod. | 0.3x0.5-0.5%0.8
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limit was 2.0 and 1.0% without and with the yeast extract respectively. The
optimum concentration of titanium sulfate was 0.001 and 0.005% with and without

Table 7. (Continued.)

With yeast extracts.
Ti salts. Corie, Rate of growth by days. Morphology on 14th day.
S .
o & 4 7l ofuf_ Form, Size. (1)

Control. e 4+ e 4 8 | Short rod. | 0.2x0.5 ~0.3%0.7

5.000 - -— — 2 0 —_— s

B0 | te= | om e e 0 . e
1ieaa s == [ e e R 2 | Short rod. | 0.2x0.5-0.4x0.8
= 0500 | — | % | % | % 86 | . » 0.2x0.4-0.3x1.0
Titanic acid. | 0100 | + | & | # | # | 10 ” 0.2x05-0.4x%0.8
0050 | 4 | % [ am [ w (o112 i 0.3%0.5-0.5%1.0
0010 | # | # | | m | 14 ” 0.2x0.5-0.5x10
0.006 | H | M | # | # | 11 - 0.2x0.5-05x038
GO00L | 4 A |8 Lo T B 0.2x0.4-0.3%x1.0
0500 | = | 4 - 3 Rod. 0.1x0.5-0.2x12
0.100 | + A E H 8 | Bhort rod, | 0.2x0.4-03x0.7
T 0050 | 4+ | 4 | # | #w | 10 » 0.2x0.5~0.3x0.8
sulfate. | 0010 | 4+ | 4 | # | # | 10 " 0.2%05-0.3x10
0005 | 4+ | # | ## | # | 10 o 0.2x05-0.5%1.0
0001 | H | W | # | # | 14 Rod. 02x05-05x15

5000 || m b e e | 0 e s

90004 =i | L= e | 0 sl -

1000, = [ il | = 0 = —

0800 | == b o= [ 0 = s
Potassinmn 80id | 0300 | ¢ | 4 |-+ | # | 5 |Bhort vod. | 02x05-04%10

titanate. X rt rod. aXVo=0.4X1!
oo | 4 o St | o 7 % 0.2x0.5-0.3x1.0
Short rod-

0010 | 4+ | # | # | 10 o] 03x05-05x10
0006 | # | Las | | 1 n 0.2x0.5-05x%1.0
0001 | # | | w | # | 11 Rod, |02x05-04x1.0

Notes: The number of + indicates the rate of growth.
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the yeast extract respectively. Some bacteroids were observed only in 0.001%
titanium sulfate with the yeast extract.

Table 8.
Influence of Titanium Salts on the Growth of Clover Nodule Bacteria.
Without yeast extracts.
Ti salts. Cone. Rate of growth by days. Morphology on 14th day.
SBum -
%) 2 4 7 14 )& & Form. Size. (p)
Control. -+ ek e 44 9 Rod. 0.3x0.8-0.6x%x2.0
5,000 -— — —_ - 0 — =t
2000 | — 4 e ES 3 Rod. 0.3%05-0.4x%2.0
1000 f — | + | H | # | 5 ” 0.3%0.8-0.8x3.0
0.500 -+ +H H H 9 » 03x0.8-0.7%x4.0
Titanic acid. 0.100 4 b H H 9 » 03x0.8-0.7%25
0.050 RS H H H 10 » 0.4x08-0.7%x2.0
0010 | + - B HE 9 » 0.3%0.7-0.8x2.0
0.005 4 e H #H 10 ” 03%10-06x%x2.0
0.001 e H HE H 10 » 04x%x10-08x%x3.0
OUGERI e Btk e e e o SR ST e e B el
0.100 - o+ H+ E 5 Rod. 05x%0.7~0.7%x2.5
, - 2
Titanium 0.050 - EEN b ERS 7 » 0.3x0.8-0.6x2.0
sulfate. 0.010 + H W p 12 » 0.3x05-068x1.8
0005 | 4+ | + | # | 9 # 0.3%0.8-0.8x2.0
0.001 + H H H 10 » 0.3x08-04x%x25
5.000 -— e —_ — 0 — —
2 — — —_— e 0 —_ =
1.000 — — -~ N 0 - v
0.500 —_ -— — - 0 _— Ty
Potassium acid . 3
titanate. P 5 - oy = 4
0.050 — _ —_ -— 0 sy 5
0.010 — -+ #H H 7 Rod. 0.3x08-0.6%x2.0
0.005 <+ H H HH 10 » 1
0001 | + | # | # | w | 10 i 0.3x0.8~0.5%2.0
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Again the similar experiment was carried out with clover nodule bacteria
and the results are noted in Table 8.

Table 8. (Continued.) ¥
With yeast extracts.
Ti salts. Cone. Rate of growth by days. Morphology on 14th day.
Sum .
%) 2 4 7 14 o +. Form. Size. (p)

Control. H HH ] HiH 17 Rod. 03x06-05x%x12

5.000 - —_— — — 0 — =

2.000 | - - - - 0 — s
1.000 + -+ 4 + 4 Rod. 0.3x04-05%2.0
0.500 + =+ Ht W 10 » 03x%05-05x%2.0
Titanic acid. | 0100 | # | w4 | #H | wH [ 19 Oval. | 0.3x05-0.7x10
0.050 | + H H 4 av 2 05x08-0.7x1.5
0,010 W {HH H#H HM 18 Rod. 0.3x0.5-06x1.5
0.005 H#H i HH HH 18 » 0.2x0.5-0.6x20
0.001 i tHH HH THH 19 »” 0.2x05-04x15
0.500 4= H HH b 10 ” 03x05-06x1.5
0001 | # | 4 | #t | # | 15 Qval. 0.3%0.5-0.7x1.0
Titanium 0050 | + it H# W 14 » 0.4%x0.5-0.8x12
sulfate. | 0010 | w | w | W | W | 17 ,, 0.2%0.5-0.7x1.2
0.005 | # HH | HHE | He 20 Ovalrod. | 0.3x0.6-0.6x2.0
0.001 4 Hil i | 20 Rod. 04x06-0.7x25

5.000 - e — — 0 — =

2.000 — — — - 0 — =

1.000 - — e — 0 — —

0.500 -— —_ o — 0 - —

Potassium acid

titanate. 0.100 o En s HH H 9 Rod. 0.3x05-04x%x15
0050 | + | wH | w | ww | 28 = 03x0.5-05x1.2
0010 | 4 | e | W | w | 22 » 0.2x0.7-0.7%2.0
0005 | # HM ] T 18 Oval. 04x05-0.7%20
0.001 | ## HiH | 18 Rod.oval. | 0.4x08-10x15

Notes: The number of + indicates the rate of growth.
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The stimulation effect of titanic acid was noted only in 0.1% with the yeast
extract while none without the yeast extract, and the limits for growth were 2.0
and 1.0% without and with the yeast extracts respectively ; the optimum con-
centration of titanium sulfate was 0.001 and 0.005%; with and without the yeast
extract respectively, and no lethal limit was found clearly. The optimum con-
centration of potassium acid titanium was 0.01 and 0.001% with and without the
yeast extract respectively ; the lethal limit was 0.1 and 0.01% respectively with
and without the yeast extract. Morphologically some bacteroids were found in
some cases especially some oval cells were observed.

Summary.

In a preceding paper, it was reported that the nodules of leguminous plants
stimulated the growth of nodule bacteria best of all the parts used. In this
paper, the influence of ash contents in the nodules was investigated with a special
reference to the titanium salts, and the following results were obtained :

1) The ash content of the nodules is comparatively small relative to the
other portions of leguminous plants, and it was 3.013 percent while the leaves and
stems contained 8.016 percent.

2) Comparatively large amount of Na,0, MgO and TiO, were found in the
ash from the nodules which amounted to 13.468 percent; 13.614 percent and
52.3 p.p.m. respectively.

8.) The seeds contained somewhat a large amount of K;0, P,0; while more
of 8O3 and CaO were found in the leaves and stems; and in the roots, the in-
soluble matter in hydrochloric acid and Fe;0; were prevalent.

4) An addition of ash equivalent to 1 percent nodules to the culture medium
did not effect the growth of nodule bacteria at all so that the stimulation of
growth of bacteria obtained by the addition of nodules seems due chiefly to the
organic constituents of the nodule rather than the inorganic components.

5.) The influence of titanic acid, titanium sulfate and potassium titanate on
the growth of nodule bacteria was tried and found that the titanium as a whole
has slightly beneficial effect. As the concentration of titanium increased the
growth of bacteria became worse, and in case of titanic acid and potassium
titanate, the growth was prohibited altogether at certain concentration which
varies somewhat by different strain of bacteria as well as by the constituents in
the medium. The critical concentration of titanic acid was somewhat 1 percent,
and 0.1 percent for potassium titanate, and the optimum concentration was about
0.05 percent for the former and 0.001-—0.005 percent for the latter.

6.) No special influence of titanic compounds on the morphological change
of nodule bacterin was noted and a few bacteroids were found.

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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