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                              INTRODUCTgON

  b    Studies on the e'ffect of thiamine upon the higher plants have been, for the most

part, concerned with the growth of roots. In many reports, promoting effects of thia-

mine on the growth of excised roots were ascertained by tissue culture, but cases were

also reported in whieh iio effect could be recognized. (2,12,16,17,58,127,129)

    With thiamine, NoGGLE and WiND (1943)(ii8) recognized an abnormal germina-

tion in orchids, while TsuGE <1944)(i59) reported growth promotion in soy bean. Some

promoting effects of thiamine on the germination of old seeds are recognized by the

present author;k 'and RuGE (1952).(i53)

    On the availability of thiarnine to the cultivation practice, FuJii (1942)(43) reported

an increase of sweet potato yield by applying "Or}Tzanin", an alcohol extract of rice-

bran, containing vitamin Bi, to the soil or to the slips. KicH (1953)(9i) also reco.crnized

an increasing rape-seed production by the soil application with thiamine solution. The

same effect was obtained by HATTA and ToyosATo (1955)(52) on the yield of rice

plants.

    IsHiKAwA (1956)(84) reported, that Aralia cordata produced softened and whitened

shoots of good quality after the spraying of phytohormone (2,4-dichlorophenoxyacetic

acid or cu-naphthaleneacetic acid), especially combined with thiamine. The injury ceiused

by the former was considerably lessened by thianiine application. This was also recog-

nized in the case of tomatoes when the fruit is set. He reported that the farmers who

use the thiamine spray for growing garden crops are now increasing in number in the

district near Tokyo.

    The above reports are concerned with fra.amentary 'phenomena and the fundamental

explanations of thiamine action are not yet complete.

    The present studies have been made with the purpose of ascertaining the effect of

thiamine on higher plants and of making clear its action mechanism, as well as to

establish the method of its application to the garden crops.

    The main materials for the present experiments were sweet potatoes <Ipomoea

batatas LAM,), potatoes (Solanum tuberosum LiNN.) and kidney beans (Phaseolus

worlgaris LiNN. ). The soakig method was adopted for seed germination; and the foliar

spray method for the study in regard to the growth, yield, and the quality of the crops.

* Report at the meeting of the Horticultural Association of Japan in April, 1952.
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                               /

                                CHAPTER I*

                 EgeFECTS 0F SEED SOAKENG IN THgAMINE

                        SOLUTION ON GERMINATION

    To make clear the physiological role of thiamine in seed germination, changes of

thiamine content and its forms in the process of seed germination under natural condi-

tion were investigated. At the same time, thiamine was applied to the seed by soaking

and its effect on germination was observed.

                           1. Materials and Metheds

    The experiments were carried out in the winter of 1951. As the materials, Ken-

tucky Wonder (products of 1947, 1948, 1949, 1950 and 1951) of Kidney beans, Burpee's

Golden Bantam of Indian corn (product of 1951), a variety of radish Miyashige Aokubi

(prodtict of 1951> were used. Of these the radish seeds were obtained from the market

<germination ratio 98 per cent), while all the rest came from the Farm of Shinshu

University.

   The seeds were soaked in 50 cc thiamine solutiop, prepared in an Erlenmeyer flask

of 100 cc. After soaking they were spread on filter papers in Petri clishes, and the

germination tests were performed in a thermostat. The pH value of thiamine solution

was adjusted to 5.2 with hydrochloric acld. The thiamine used was vitamin Bi hydro-

chloride of Wak6 Pure Chemical Industries xvhich is regarded as the free form in water

solution (WATANABE 1942).

    Thiamine analysis was made by the thiochrome reaction method (the permutite

method, NisHio 1946), (ii7) and each data was the average of more than four analyses.

The fresh weig}it of seeds in every plot represents an average of 40,to 100 grains.

                                   2. Results

    (1) Promotion of seed germination by the applicatioge of thiamine.

    A preliminary experiment was carried out to find the relation between the soal<ing

period and the germination of kidney bean seeds. The greatest germination percentage

was obtained by 24 hours of soaking at 90C. Thereiore, a soaking period of 24 hours

was used in most of the experiments. Ten kinds of thiamine solution from 100 ppm to

10u7 ppm were prepared, and 20 seeds were soaked in 50 cc of each solution for 24

hours at 90C, and were germinated in a thermostat at 300C; 24 hours later, the ger-

mination percentage was determined. The results are shown in Table 1.

    The optimum thiamine concentration for the germination of the seecls of both

Kentucky Wonder and Masterpiece was found to be O.Ol ppm. The growth after ger-

mination was good, and no abnormal seedlings were observed.

  * The argument of this chapter was reported at the meeting of the Horticultural Associa-

    tion of Japan, 1952.

'
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Table 1. Effect of thiamine application on the germination of kidney beans.

Kentucky Wonder Masterpiece
Bi co.ncentration

I g m IV Average I l
l K IV Average

        ppm
100

 10

 1
 O.1
 O. Ol

 O. OOI

 O. OOOI

 O. OOOOI

 O. OOOOOI

 O. OOOOOOI

 o

65

60

40

75

85

80

60

45

40

40

25

%
55

60

75

90

85

75

45

55

55

60

40

%
60

55

75

85

95

80

60

55

55

50

35

%
45

50

65

85

90

70

50

65

45

40

35

%
56±2.5

56±2. 0

64+4.8
84+1.8
89+1.4
76+1.4

54±2.2

55±2.4
49+2.2

48±2. 8

34+1.8

%
56

61

67

83

72

56

48

56

56

39

17

%
39

56

83

89

94

67

56

44

33

39

28

%
33

33

56

67

78

56

33

39

28

22

33

%
33

39

67

61

94

61

39

33

33

39

22

%
40±3.2

47±3. 9

68±3. 3

75±4.3

85±3.3
60+1.5
44+3.0
43+2.9

37±3. 7

35+2. 5

25±2.0

%

      Seeds were obtained in October of 1950; investigation : end of November, 1950.

  In each Petri dish, 20 seeds of Kentucky Wonder or 18 seeds of Masterpiece were

  put after soaking for 24 hours at 9eC; examination after 24 hours at 300C.

                                                 '

                                       In order to observe the effect of thiamine

     2'2 on .crermination more in detail, seeds were soaked
     2･O 7 in thiamine solution of O.Ol ppm at 90C for 24
                         v  ge, i･8 7T hours, and were germinated on wet fi!ter paper
  lti.. i'6 TTT inadark thermostat at 180C. Every 24 hours,

iV/'ill.11,,,,,,,.,,,,.,/ gei?g8'//i'aield9,'g.i'il`sst'gth.i,[nl",,M,.¥"iiildede.,/L'i/k'i･Cn`i.lal¥/i.Ii:･

'g'if,::.1,..,,t"Kco"tro' ge,I,ll.'t:.gi,11ilg'i･,#ditsT,:,./･.-ifio%',sii.l:is":t;eiCli'j,,O.ke;.:,mei;

     O,2 "'                                   periments with corn and radishes gave similar

      O 24 48 72 '96 120 144 results (Tab.3).
     tgge. it.'if' Time in hours (i8"C) (2) Increase of the germination PerCentage

Fig.1. Effect of thiamine on the of old seed of kidney beans by appli-
  growth of plumules and radicles cation of thiamine sBlution.
  of kidney beans.
    Variety: Kentucky Wonder. Thiamine solution was applied to the seeds
  The seeds were soaked in O.Ol of different ages, harvested in 1951, 1950, 1949
  ppm thiamine solution for 24                                   and 1948, and stored in the laboratory. The
  hours.
                                   effect of thiamine (Tab.4) was remarkable in the

old seed stored for 2 years. It was promoted in germination percentage up to 33 per

cent, while it did not germinate at all without thiamine supply.
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Table 2. Relation between the hours of soaking and the Bi concentration affect-

   ing the germination of kidney beans (variety Kentucky Wonder).
    Experiment December 1951.

Hours of soaking

Hours of germination at 3oeC

Bt concentration

3

60

12

24

24

24

100

 le

  1

  O.1

  O.Ol

 O.OOI
 O.OOOI
 O. OOOOI

 O. OOOOOI

O. OOOOOOI

o

ppm
14+1.3
16+1.4
16+O.9
32+1.8

32±1.9

25±2.1
15+1.2
11+O.9
13+O.8
 5+O.7
 3+O.6

%
52+1.8
46 -･-2. 6

60+3.8
66+4. 2

72+2. 1

64+1.6
46+1.2
38+1.4
39 rir. 2. 1

27±2. 2

22+1.1

%
56+2.5

56±2.0
64+4. 8

84+1.8
89+1.4
76+1.4
54+2.2

55±2.4
49+2.2
48+2.8
34+1.8

%

The seeds were produced in 1951.

Table 3. Effect of thiamine application on

   radishes. Experiment November 1951.

the germination of I ndian corns and

Varieties
        Indian corn
(var. Burpeeis Golden Bantam) (var.

  Radish
Miyashige Aokubi)

No.

B,

 of experiment

concentratlon

I l
l m IV Average I l

l m IV Average

        ppm
100

 10

  1

  O.1

  O. Ol

  O.OOI

  O. OOOI

  O. OOOOI

  O. OOOOOI

  O. OOOOOOI

  o

  %
10

35

50

45

40

35

25

30

5

10

o

15

30

40

55

65

40

30

25

10

10

5

%
2e

25

45

60

80

45

20

20

5

5

10

%
10

35

40

70

60

50

35

15

15

5

o

%
13+1.4
31+1.4

44±1.4
58+3. 1

61+4.8
43+1.9
28+1.9
23+1.9
 9+1.4
 8+O.7

 4±L1

%
40

20

47

80

83

67

40

43

50

30

31

%
27

30

43

60

73

60

43

47

23

20

22

%
20

30

27

87

90

43

47

23

20

17

13

%
30

40

40

73

80

63

53

43

27

23

17

%
29+2.4
30+2.4
39+2.5

75±3.4
82+2. 1

58+3.1
46+1.6
39+3. 2

30+4.0
23+1.7
21+2.3

%

   Indian corn :

dish. Radish: the
the seeds were produced

 seeds were produced in

in 1951;

1950 ; 60

20 seeds were

seeds were put

put in each Petri
in each Petri clish.

the

(3) Content of thiamaine and its fcrms during the germination process.

The content of thiamine and its forms in the cotyledons, plumules and radicles of

germ of kidney beans (product of 1951) were investigated (Figs.2 and 3).

a. Germinati6n in the dark.

The thiamine contents were compared on the dry weight basis. In both cotyledon
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Table 4. Effect of thiamine application on the germinatlon of old kidney beans

   (variety Kentucky Wonder). Experiment December 1951.

Seeds from the year :
Bt concentration

1947 1948 1949 1950 1951

             ppm
B, 100
    10
     1
     O.1
     O. Ol

     O. OOI

     e. oool

     O. OOOOI

     O. OOOOOI

     o. oeooool

     o

%
o

o

o

o

o

o

o

o

o

o

o

%
o

o

o

o

o

o

o

o

o

o

o

      %
12±1.1

11±O.8
11+O.6
24+2.2

33±1.9
25+1.8
10+O.6

15±O.8

 6±O.3
     o
     o

81±3

85±3

96±1

96±1

97±O

97±1

90±2

95±1

84±3

89±4

82±2

.

.

'

.

.

.

.

.

.

.

.

%
3

9

2

3

9

o

7

4

2

6

3

96+1.2

96±O.9

98±O. 6

98±O. 6

98+O. 4

97+1.0
96+1.3

96±1.2

97±O. 9

96±1.1
90+1.2

%

   Eighty seeds
solution at ll"C ;

in each plot having 4

 then examined after

 subplots,

72 hours at
were
 300C.

soaked for 24 hours in each
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Fig.2. Changes in thiamine content and its form in cotyledons in the

  process of germination of 1<idney beans (Kentucky Wonder).

   A,B,C, D,E,F: in the dark and Ai,Bt,Ct,Dt,Et,Ft: in the light. A,
 A' : fresh weight per grain. B,Bt: dry weight per grain. C,Ct : total

 Bi.D, Dt: free form Bi. E,Ei: ester form Bi. F,Ft: the ratio of ester

 form Bi. The seeds were produced in 1951, and analyzed in December,

 1951.
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        Fig.3. Changes in thiamine content and its form in plumules + radicles

          in the process of germination of kidney beans.

           Explanations see Fig.2.

and axis, total, free and ester form thiamine diminished as the germination went on.

But the relative amount of ester form Bi compared with that of free form increased

gradually. The total-vitamin Bi per grain diminished from 1.41 to O.81 r when the

seedlings were 6.5cm long in the dark <Fig.4).

    b. GerminatioR in the light.

    When the germs were grown to the length of 6.5cm, those which germinated in

the light and those in the dark were compared:

    In cotyledons the fresh weight, the dry weight and the amount of thiamine in

every form were a little larger in the light than in the dark. Especially the ester form

vitamin Bi increased to 42.5 per cent of total thiamine in the light against 39.2 per

cent in the dark.

    In plumules and radicles, the total thiamine content (C and C' in Fig.4), and

especially, the content of ester form Bi (F and F') increased remarkably in the light.

    In the light the absolute quantity of thiamine in plumule and radicle per grain

amounted to 1.46 r, while it was O.47rin the dark.

    (4) Duration of storage and the thiamine content in kidney bean seed.

    Changes of thiamine content and its forms in the seeds stored 1-4 years under

nearly the same conditions are shown in Fig.5. With increasing age, the thiamine

content, both in free and ester form, diminished remarkably.
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    (5) Content of thiamime and its forms in the germinating seed soaked in

         thiamine solution.

    To make clear the change of thiamine in the seeds soaked in thiamine solution

and in the seedlings obtained from them, some experiments were carried out. Seeds

were soaked at 110C for 24 hours and were germinated at 250C in darkness. Thiamine

determination was carried out immediately after soaking, and at the time when the

seedlings reached 3cm. Before the analysis the seeds were washed in water, deprived

of their coats carefully, and washed again in distilled water. Seeds soaked in distilled

water served as the control.

    As shown in Table 5, the thiamine content of the experimental plot was far greater

than that of the control one. In regard to total vitamin Bi, it was increased by 150fiw

180 r %･

      Table 5. Effects of thiamine application on the changes of thiamine content

          and its form in the cotyledons of kidney beans (varietl..i. Kentucky Wo?.ger).

Water Bi application

Length of

Moisture

germs
Before
germination,
after soaking
for 24 hours

    65. 2%

Seedling
3 cm long,
germinated
in the dark

   58. 4%

Before
germination,
after soaking
for 24 hours

  65. 5%

Seedling
3 cm long,
germinated
in the dark

  60. 0%

         Per
Free
form Bl per

         Per
Ester         Perform Bi

         Per
Total Bi
         Per

fresh matter

dry rnatter

(Per cenO

fresh matter

dry matter

(Per cenO

fresh matter

drv matter
  J

    7'
 88. 9

255.5

(63. 4)

 51.3

147.5

(36. 6)

140.2

403.0

%     r%
 71. 8

172. 6

(58. 5)

 51.1

122.8

(41.5)

122.9

295. 4

    r%
130.0

376.7

(63. 8)

 83. 7

213.2

(36.2)

213. 7

589,9

    r%
 78. 0

195.1

(44. 0)

 99. 4

248. 6

(56. 0)

177.4

443.7

      Before analysis the seed coats were removed. The seeds were soaked at 110C for

   24 hours, applied with O.Ol ppm thiamine, and germinated in a 300Cdark thermostat.

   The seeds were produced in 1951, and analyzed in January 1952.

    In the soaked seeds the increase in the free form vitamin Bi was much greater than

that of ester form. But, in the seedlings .orown to the length of 3 cm, the ester form

vitamin Bi increased rapidly to a consiclerably high degree.

                                                                   '

    (6) Effect of thiamine application on the respitation of seeds.

    Kidney beans produced in 1948, 1949, 1950, and 1951 were used as the materials.

After having soaked in O.Ol ppm thiamine solution for 5 hours, the seeds were washed

thoroughly. Two drops of phenol red was added to 50 cc of distilled water which has
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been adjusted by O. 1 N NaOH to pH 8.4 in 100 cc fiask.

    Into this flask, 10 gr each of different aged seeds was soaked and germinated at

200C in a thermostat. And the time of decolorization was determined (KoBAyAsHi et

al, 1951). (97)

    From the results shown in Table 6, it wM be inferred that the fresher the seeds

the greater is the rate of respiration, and that the seeds treated with the thiamine

solution respired more intensely than the control,

      Table 6. Effect of thiamine application on the respiration of 1<idney bean seeds.

Seeds from the year :

1951 1950 1949 1948

Control (Water)

Bi application

L.S.D. (5 %)

  min.*
19.0

17.0

 2.7

  Min. 'k
28. 0

25. 0

 2.2

  min.*
32. 0

27. 0

 3.8

  lnin.*
36. 5

35. 0

 3.2

      * The time in the table shows that of decorization of alkaline water (pH s.4) ''

   containing 2 drops of phenol red. The time shows the degree of C02 evolution. The

   fresh weight of the seeds at each plot was 10 gr. The fiasks with the seeds were

   put into a 200C double-glass thermostat.

                               3. Considerations

    In kidney beans (two varieties), Indian corn, and radishes thiamine application

promoted the germination. It was effective in increasing the germinative ratio of old

seed. No abnormal germination has been recognized. In this point, the result is in

accordance with the report of TsuGE (1947). (i59)

    The promoting effect of seed soaking was observed especially in the early period of

germination, and the optimum concentration was O.Ol ppm or thereabouts. MuRAKAMi

(1943)(ii5) has reported the optimum concentration to be O.Ol ppm in rice plants, while

TsuGE (1947)(i59) reported it to be O. OOOI ppm in soy beans.

    Concerning the change of thiamine content during germination, the decrease of

the absolute quantity of thiamine in the dark went nearly parallel with that of the dry

matter of seeds. But as the qtiantity of thiamine remarkably increased in the light,

light seems to be indispensable for the synthesis of thiamine. It was shown that thia-

mine in the seed before germination was, for the most part, of its free form; and it

was changed into ester form as the germination went on. Free form vitamin Bi, which

was absorbed by the seedling in external application, was also converted to ester form

as the germination proceeded.

    KoNDo and others(98) reported that in rice plants the ester form prevails in the

leaves, and the free form in the ears.

    From these facts it will be possible to infer that thiamine is synthesized in ester

form, stored in seeds in its free form, and the latter is consumed by transfering again

to ester form as the germination goes on. .
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    The viability of seed seems also to have some connection with the content of

thiamine. The older the seed is, the less is the content of thiamine, though the seed

incapable of germinating is not entirely free from thiamine.

    By the comparison of the respiration of seeds soaked in thiamine solution with that

of control one, it has been recognized that the application of thiamine promotes the

respiration of the seeds. (69)

    Judging from the above mentioned facts, it will be concluded that thiamine is

necessary for seed germination, that thiamine stored in the seeds is congumed till its

formation begins in the light, and that the consumption of thiamine is accompanied by

its change from the free form into the ester form. An artificial application of thiamine

promotes the germination of seeds by augmenting the metabolic activity.

                               CHAPTER EI*

         EFFECTS 0F FOLIAR THIAMINE SPRAY ON THE GROWTH,
                 YIELD, AND QUALITY OF GARDEN CROPS

    It will be expected that thiamine has some effect on the growth or on the yield of

crops as on the germination of seeds and the growth of young roots. Foliar thiamine

spray was sprayed on sweet potatoes, potatoes and kidney beans and the effective

concentration of the solution was examined.

                                 SECTION I

                              SWEET POTATOES

                           1. Materials and Methods

    (1) Experiment on the growth and yield.

    Sweet potatoes used for this experiment were: varieties N6rin No.1, N6rin No.4,

Kant6 No.24, and Taihaku from the Farm of the Faculty of Agriculture, Shinsha

University, N6rin No.1 from the Farm of Kyoto University, and Shijanichiimo from

the TAKii Nursery Company. Water culture, sand culture and field experiment were

carried out.

    For the water culture experiment, the KAsuGAi's culture solution** for dry field

crops was used. The solution in a 100 cc Erlenmeyer's flask wrapped with black cloth

and placed in a thermostat of 200C in the light, was changed every third day.

    For the sand culture experiment, wooden boxes or pots were used. The quantity

of fertilizers applied in solution to the unit area 3.3m2 was as follows : ammonium

 * A part of the argument of this chapter was reported at the meeting of the Horticultural

   Association of Japan in October, 1952.

 ** Composition: NH4N03 57.3mg, KCI 43.0mg, MgS04 120.0mg, Ca(N03)2 117.0mg,
   KH2P04 38.3mg, MnC13 O.4rng, 6 % FeCI3 2.5ml, H20 up to ll.
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sulphate 80 gr, superphosphate of lime 80 gr, potassium chloride 30 gr.

    The field experiment was carried out by the random method, the details of which

will be described in the paragraph concerning ea¢h experiment.

    In most of the experiments, slips, each having 8 expanded leaves and weighing

9t4wlO gr, were used. They were put into the solution or the soil up to the 4th node.

    Thiamine hydrochloride was dissolved in distilled water or in service water, and in

the experiments of small scale, it was sprayed by a specially made sprayer of 10 cc

which was graded to 1 cc. When close coating of leaf with thiamine solution was

required, a spuirt of 2 cc which was graded to O.1 cc was used.

    The spray was made, as a rule, at 10 o'clock in the morning. The quantity,

distance, and frequency of foliar thiamine spray will be described with each experiment ;

the controls were sprayed with distilled water or city water, pH values of which were

adjusted with HCI equal to those of thiamine solution.

    The sand culture experiment in 1954 was carried out at the Faculty of Agriculture,

Kyoto University, while all other experiments were done at the Faculty of Agriculture,

Shinshu University.

    Results obtained were evaluated statistically.

    (2) Experiment on the taste.

    The method of the experiment will be described in the results.

                                   2. Results
                                                                       '
    (1) Effect of foliar thiamiRe spray on the growth of tke underground portion

        of sweet potatoes.

    a. Tke effects on the initiation and development of roots.

    Field experiment in 1952 (Fig.6). The number of either the roots or the branch

rootlets, the average length of roots, total length of roots, and the dry weight of roots

were all increased by thiamine spray as compared with the control.

    IVater culture experiment in 1953. The results were similar to that of the forego-

ing experiment, as shown in Table 7 and Plate I-I.

    Statistical inquiries showed the significant difference of the 1 per cent level in the

number of the secondarily developed roots and that of the 5 per cent level in the rest.

    Sand culture experiment in 1954. Using Shijitnichiimo as the material, a sand

culture experiment similar to the above was carried out at Kyoto University, and nearly

the same results were obtained (Tab. 8 and PI. I-II).

    From the experiments mentioned above, it may certainly be said that the spraying

of thiamine solution upon the leaves of sweet potatoes significantly promotes the initiation

and the development of roots.

    b. Effects of foliar thiamine spray on the formation of tubers.

    Field experiment in 1952. The results are shown in Fig.7. The number, the

total fresh weight and the average weight of tubers were increased as compared with

those of the control.
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Fig.6. Effects of foliar thiarnine spray on the root initiation and root

  development of young sweet potato plants.

   Field experiment at Ina (Shinshu Univ.) in 1952. The variety used was

 Ndrin No.1. From mother tubers (imbedded on April 25) slips with 8
 expanded leaves were set out in the farm on June 1. Every 10th day,

  2cc of 1 ppm thiamine solution per plant was sprayed on the leaves,
  and every 10th day until July 21, 10 plants each were taken from the

  sprayed and the control plot, and investigated. A,B,C,D: the control

 plots, At,Bt,Ct,Dt: the Bi sprayed plots. A,At: total length of roots.

 B,Bt: no. of the primarily developed roots. C,Ci:no. of the secondarily

 developed roots. D,Dt: dry weight of roots. E,Et: length ofthe longest

 roots.



      Table 7. Effect of foliar thiamine spray on the

          plants in water culture (results per planO.

          Univ.) in 1953.

growth of sweet

Experiment at
potato yottng

Ina (Shinshu

Control Bi spray

Starting
time

12 days
after.

startmg

differ-
 ence

Starting
time

12 days
after.

startmg

Differ-

   ence

Differ-

   ence
and its
slgnifi-

   cance

L. S. D.

Length of
stems (cm)

Diameter of
stems (mm)
Fresh weight
of plant (gr)

No. of
primarily
developed roots

No. of
secondarily
developed roots

Length of the
longest roots
(cni)

Total length
of roots (cm)

Fresh weight
of roots (gr)

Dry weight of
roots (gr)

25.1

41. 5

18. 2

o

o

o

o

o

o

28. 5

41. 8

12.2

 7.5

34. 8

 6.7

40. 5

 O. 26

 O. 021

 +3.4

 +O.3

 -6.0

 +Z5

+34.8

 +6.7

+40.5

 +O. 26

 +O. 021

25. 7

41. 0

18.6

o

e

o

o

o

o

29. 9

48. 9

15.3

19.0

70. 9

 9.1

71.5

O. 33

O.038

 +4.2

 +7.9

 -3.3

+19.0

+70.9

 +9.1

+71.5

 +O. 33

 +O. 038

 +O.8

 +Z 6**

 +2. 7

+11. s*:i;

+36. 1*

 +2.4

+31.0*

 +e. o7*

 +O. O17

 1,4(5%)

 Z1(1%)

 3.2(5%>

 8. 6 (5%)

21.2(1%)

 4. 1 (5%)

29. 2 (5%)

 O. 06(5%)

 O. 028(5%)

    The variety was N6rin No.1. The experiment was carried out in a double glass
thermostat at 200C. Two cc of 1 ppm thiamine solution per plqnt was sprayed on the

ieaves each day, 9 times in all. The investigation was made 12 days after the slips

were set out. The number of blocks was 8, and each plot had 1 plant. L.S.D.: the
level of significant difference.

    * 5 per cent level, ** 1 per cent level.

   Table 8. Effect of foliar thiamine spray on the growth of young sweet potato

       plants (results per plant.). Sand culture experiment at Kyoto in 1954.

Control Bi spray
Difference and
its significance L.S.D.

No. of primarilydeveloped roots

No. of secondarily developed roots

Total length of primarily
developed roots (cm)

Fresh weight of roots (gr)

Fresh weight of stems and roots (gr)

 32. 0

183. 6

241.1

  2. 66

  9. 49

 50.0

270. 0

372.1

  4. 25

 10.63

 18.0**

 86.4*

131.0**

  1.59**

  1.14

 6.9 (1%)

78.8 (5%)

90.3 (1%)

 1. 11 (1%)

 1. 78 (5%)

   The variety
sprayed 3 times

8. 0bservations

was Shijttnichiimo. Two

on the leaves. Every pot

12 days after planting.

cc of

 had

1

1

ppm
plant

thiamine

and the

solution per plant

number of blocks
was
was
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 Fig.7. Effects of foliar thiamine

   spray on the formation and
   growth in thicnness of sweet
   potato tubers.

     Field experiment at Ina in

   1952. The variety used was
   N6rin No. 1 and its slips were set

   out at the farm on June 1. Every

   10th day, 2 cc of 1 ppm thiamine

   solution per plant was sprayed

   on the leaves, and every 10th

   day, the tubers were investi･
   gated. A, B,C: the control plots,

   At,Bt,Ct: the Bi sprayed plots.

   A,At: fresh weight of tubers
   per plant. B,Bt: no. of tubers

   per plant. C,Cr: mean fresh
   weight of tuber,

    (2) Relation betweeii foliar

        sweet potatoes.

    According to the results

reco.crniTed that foliar thiamine

no significant difference was

    (3) Relation between the

        sweet potatoes.

    Comparison btween 3 plots i.

sprayecl 5 times in the latter half

during the whole period (Tab. 13).

throughout the whole period, next

      thiamime

  shown

   spray

ascertained

   mode

    e. the

     of the

       The

      to

Utilization of Vitamin Bi in Some Garden Crops 207

       In another experlment, thiamine solution

   was sprayed 6 times on the young plants during

   the 60 clays afrer planting. The result shown in

   Plate III-XIX indicates a promoting effect of thia-

   mine upon the tuber formation.

       Table 9 shows the result at the harvest time,

   on October 20. No significant difference was

   observed in the number of tul}ers, but the weight

   of tubers in the experimental plot was significantly

   increased as compared with that in the control.

       Field experiments in 1953. In two field

   experiments similar results to the above - mentioned

   experiment in 1952, were obtained (Tabs. 10,

   11 and Pl. I-III).

       Sand culture experiment in 1954. A similar

   sand culture experiment was carried out ancl

   similar results were obtained (Tab.12 and PI.

   I-IV).

      Field experiment in 1954. By spraying 10

   times during the whole growing period, the total

   weight of tubers and the weight of larger tubers

   were significantly increased as compared with the

   control. The weight of smaller tubers was some-

   what decreased but showed no satististical signifi-

   cance <Tab. 13).

       From these results, it is clear that the foliar

   spray of thiamine has promoting effects on the

   formation and growth of tubers, resulting in the

   increase of the number and the weight of larger

   tubers.

         spray and the grewth of the shoots ef

   in Tables 7, 9, 10, ll, 12 and 13, it may be

  increases the weight of stems and leaves, though

    in the length of the stems.

   of foliar thiamine spray and the growth of

      plot sprayed 5 times in the first half, the plot

     growing period, and the plot sprayed 10 times

      effects was most evident on the plot sprayed

   it, in the plot sprayed in the first half of the
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Table 9. Fffects of foliar

   potasoes (var. N6rin

        T. ImMA

 thiamine spray on the

No.1). Field experiment

growth
at Ina

[and yield of

in 1952.

sweet

Control Bi spray
Difference
and its
significance

L. S. D.

-'-Percent'a//-e-

      of
  difference

No. of stems per plant

)teeriigphlaRft Stems in cm

Diameter of sterns in
mm per plant

Fresh weight of stems
and Ieaves in kg per
O.1 ha

No. of tubers per O.1
ha

Total fresh weight of
tubers in kg per O.1
ha

   5.6

   42.7

   12.8

 1692. 4

16800. 0

 1840.5

    5.9

   43. 3

   14.2

 1914.4

18700. 0

 2112.0

   +e.3

   ÷O. 6

   +1.4*

 +222. 0**

+1900. 0

 +271. 5)ts*

  1.5(5%)

  9. 4 c5%1

   1.3(5%)

 180.8(1%)

2971 . 0 (5%)

 101.7(1%)

 +6.5

 +L3

+11.7

+13. 1

÷14.4

+14.8

   Mother tubers for this test were imbedded on April 25, 1952; slips planted on
June 1, and harvested and investigated on October 20. The number of blocks was 6,

and each plot was 1.65m2 in area. The distance for planting was O.9 × O.3m. Three
hundred gr of lime, 100 gr of ammonium sulphate, 100 gr of superphosphate of lime,

ancl 30 gr of potasium chloride per 3.3m2 were applied to the field as the basic ferti-

lizer. Five cc of 1 ppm thiamine solution per plant was sprayecl on the leaves 6 times

at intervals of 10 days in the first half of the growing period.

Table 10. Effect

    per O.1 ha).

.t..... .

of foliar thiamine spray

Field experiment at Ina

 on the yield of
.in 1953.

sweet potatoes (kg

Control Bi spray
Difference
and its
significance

L, S. D.
Percentage
of increase
or decrease

Fresh weight of stems
and leaves

Fresh weight of tubers
larger than 112 gr

Fresh weight of smaller
tubers

Total fresh weight of
tubers

1382.6

 955.1

 223.9

1178.6

1699.9

1118.3

 207.4

1325.6

-}- 317. 3,ts

+163. 2:ts*

 -16.5

+14Z O**

296. 6 (5%)

102.0(1%)

 42. 4 (5%)

 74.3(1%)

+23.0

+17.1

 -Z4

+12.5

   The variety used was N6rin No.1. Mother tubers were imbeded on April
slips were planted on May 30, alld harvested and investigated on October

number of blocks prepared for the test was 6, and cach plot was 49.5m2

The distance for planting was O.9× O.3m. Five cc (in the first half of the
period) or ten cc (in the latter half) of 1 ppm thiamine solution per plant was

6 times on the leaves.

9, 1953;

16. The
.

In area.

growlng
 sprayed
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 Table 11. Effects of foliar thiamine spray on the sweet potato

     O.1 ha) of 4 varietle.:.;-.Eield e.iperiment at Ina in 1953.

Garden Crops

yields (kg per
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Varieties

Fresh weight of
stems and leaves

Control Bi spray

Fresh weight
of tu6'e"}-s'-

 Larger tubers

Control Bi spray

 smaller

Control

 tubers

Bi spray

     Total

Control Bi spray

Ndrin No.1

N6rin No.4

Kant6 No. 24

Taihaku

Average

Difference
and its
significance

L. S. D.

Percentage
of increase
or decrease

1387.5 2208.8

2021.3 2317.5

1380.0 1868,O

1702.5 1905.0

1622.8 2062.5

   -439.7**

     514.1

    -34.4

 907. 5 1053. 8

 997.5 1275.0

1222.5 148L3
 900.0' 1065.0

1006.8 1218.8

    212. 0**

    199.1

   -21.0

273. 8 251. 3

596.3 476.3
281. 3 225. 0

592.5 461.3

436.0 353.5

    -82.5

     491.6

    -18.9

1181.3 1305.1

1593.8 1751,3

1503.8 1706.3

1492.5 1526.3

1442.8 1572,3

    -192.5

      129. 4

      -8.9

Explanations and remarks see Table 10.

Table 12.

   plants

Effect of foliar thiamine

(results per plant). Sand

spray on the earlier growth of sweet potato

culture experiment at Ina in 1954.

-..... tt.t.tt.t.t...t.... -........tt.ttt.t....-

   Control Bi spray
Difference and
its significance

..t .   ..r .tt

LSD  --

No. of tubers

Fresh weight of tubers (gr)

Fresh weight of tubers and
small roots. <gr)

Diameter of stems (mm)

Length of stems (cm) '

Fresh weight of stems and
leaves (gr)

 4.9

14.1

18.9

40. 0

59. 3

19.8

 9.1

18.9

24. 4

44. 9

57.1

23. 9

+1. 2*

+4. 5**

+5. 5*:k

+4. 9*

+O.8

+3, 8**

1.2(5%)

3. 1 (1%)

5.1(1%)

4.0(5%)

9. 1 (5%)

1.4(1%)

was

The variety

sprayed on

used was
the leaves

Ndrin No.1. Two cc of 1
4 times. Investigation 49

ppm
days

 thiamine solution

after planting.
per plant
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Table 13. Relations between the yield

    the peried of foliar thiamine spray

of sweet

(results

potato

per O.1

(var.

ha).

N6rin. No. 1) and

1. Bi spray (5 times) in the first half of growing period.

Control Bi spray
Differenee to the
control and its
significance

Percentage
    of
difference

Fresh weight of stems
and leaves (kg)

No. of larger tubers

No. of smaller tubers

Total no. of tubers

Fresh weight of larger
tubers (kg)

Fresh weight of smaller
tubers (kg)

Total fresh weight of
tubers (kg)

 2696. 6

 3337.5

 8425. 0

11792. 5

  675.0

369. 0

1044. 0

 2920. 5

 3837. 5

 8393. 8

12231.3

  805.5

355.9

1160. 3

+223.9

+500. 0

 -3L2
+498.8

+13e.5

-13.1

+116. 3*

 +8.3

+15.0

 -3.7
 +4. 0

+19.3

-3.6

+11.2

2. Bi spray (5 times) in the latter half of growing period.

Bi spray
Dlfference to the
control and its
significance

Percentage

Fresh weight of stems and leaves (kg)

No. of larger tubers

No. of smaller tubers

Total no. of tubers

Fresh weight of larger tubers (kg)

Fresh weight of smaller tubers (kg)

Total fresh weight of tubers (kg)

 2665.9

 3675. 0

 9281. 3

12959. 3

 733. 9

  367.9

 1101. 8

  -30.7

 +337.5

 +856. 3

+1193.8

 -58.9

  -1. 1

 +5Z8

 -O.1

+10.1

+10.2

+10. 1

 +8. 7

 -O. 3

+5.5

3. Bi spray (10 times) in the whole     .growmg period.

Bi spray
Difference to
control and
significance

the
its

Percentage
    of
 difference

L.S. D.

Fresh weight of stems
and leaves (kg)

No. of larger tubers

No. of smaller tubers

Total no. of tubers

Fresh weight of
larger tubers (kg)

Fresh weight of
smaller tubers (kg)

Total fresh weight
of tubers (kg)

 3e55. 1

 4175. 0

 8393. 8

12568. 8

  840. 0

374. 3

1214. 3

+358. 5;k

+837. 5**

 -3L5
+806.3

+165. 0**

+5.3

+ 170. 3**

+13.3

+25. 1

 -3.7

 +6.9

+24.4

+1.4

-16.3

 292. 9 (5%)

 596. 5 (5%) 803. 6 (1%)

1809. 2 (5%)

1693. 6 (5%)

 111. 4 (5%) 149. 6 (1%)

  67. 9 (5%)

 116. 6 (5%) 157. 1 (1%)
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   The rriother tubers for the test were imbedded on April 25, 1954; slips were
planted on June 7, harvested and investigated on October 13. The number of blocl<s

was 8, and each plot was 19.gm2 in area. The distance for planting was O.9xO.3m.

21.6kg of arnmonium sulphate, 27.6kg of superphosphate of lime and 12.0kg of
potassium chloride were applied to the field per O.1 ha as the basic fertilizer, and

16.9kg of urea was applied as the supplemental fertilizer. Five cc of thiamine solu-

tion per plant was sprayed on the leaves at an interval of 14 days. Every large tuber

was above 112.5 gr.
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Fig.8. Relation between the concentration

  of thiamine solution sprayed and the root

  development of sweet potato
  plants.

   Sand culture experiment. at Ina in 1952.

  Data obtained per plant 30

 planting. The variety used
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period, and then in the latter half of the growing period.

    (4) Relation between the concentration of thiamine solution for spray and the

         growth of sweet potatoes.

    Sand culture experiment in 1952 (Figs. 8,9 and Pl. I-V). For the growth of roots

1 ppm was the optimum concentration. The number of the primarily and secondarily

developed roots, and the length and weight of roots were increased. For the shoot

growth, 1 ppm was also optimum. The diameter and the number of sterns, and the

weight of both stems and leaves were increased. '
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    Field

dicate that

tubers and

tlon, next

weight of

stems.

experiment in 1952. The results shown in Figs. IO, 11 and Plate I-VI in-

 for the total fresh weight of the underground portion, fresh weight of total

 for the average fresh weight per tuber, 1 ppm was the optimum concentra-

to it, O.Ol ppm. For the diameter and number of stems and the fresh

shoots, 1 ppm was the optimum, but somewhat lower for the length of
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Fig. 11. Relation between thiamine

  concentration for foliar spray

 and the growth of sweet potato

 shoots.

   Field experiment at Ina 1952.

 Data (per planO 70 days after

 planting. The remarks are the
 same as in Fig.10.

    From these results, it may be infered that the optimum concentration of thiamine

solution for the foliar spray on sweet potatoes is 1 ppm or thereabouts.

    (5) Relation between foliar thiamine spray and the taste of tubers.

    The materials for the test were the tubers cultivated in pots with soil or sand in

1954. The method of the cultivation and treatment of materials were shown in the

remarks of Table 14.
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 Table 14. Relations between
     potato tubers.
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foliar thiarnine spray and the taste of

Crops 213

sweet

Sampling day (in 1954)
Soil culture Sand culture
Oct. 19 Oct. 21

Persons who tasted

Persons voted for the

Percentage

Persons voted for the

Percentage

Persons voted for both

Percentage

tubers from non-sprayed

tubers from Bi sprayed

 of the tttbers

 plot

plot

31

6

19.4

22

71.0

3

 9.6

25

8

32. 0

17

68.0

o

o

   The variety was Ndrin No.1. In the soil culture, unglazed pots of 27cm diameter

were used. Basic fertilizer applied to each pot was as follows : ammonium sulphate

s gr, superphosphate of lime 5gr, potasium chloride 2 gr. In the sand culture, the

WAGNER-pots with sand were used, and as a fertilizer, a thrice concentrated
hydroponic solution of KAsuGAi for dry fielcl crops was applied 2 times in a week.

In each experiment, the slips with 8 expanded leaves were planted on May 20, and

the tubers were harvested on October 12. During this period 1 ppm thiamine solution

was sprayed fully on the leaves 6 times.

    The havested tubers, including both larger and smaller ones from the control and

Bi sprayed plots, were cut into similar forms and were tested according to the random

sampling method by the members of the Faculty of Agriculture, Shinshll University.

    The results (Tab. 14) show that, 68-v74 per cent of the persons judging the tubers,

voted that the plots applied with thiamine were more delicious than the control tubers.

    Therefore, it may safely be said that foliar thiamine spray is effective in imFrDving

the taste of sweet potato.

                                 3. Considerations

    From the results mentioned above, it will be inferred that the thiamlne, when

sprayed in 1 ppm solution, is very effective to increase the yield, and improves the

quality of sweet potatoes. Some investigators(77,86,95) believe that in the early stage of

development, every'sweet potato root has the potentiality to grow in thickness, and

within the period of 10.N･20 days, or a little earliar, after the setting out of the slips,

the fate of the young roots as to whether or not they become converted into tubers,

is determined. At this period, ITo et al (1948>(86) recognized an occurrence of cambium

in the xylem parenchyma of the roots of 3 mm in diameter. The determination is con-

troiled by various circumstances at this period.

    The increase of yield, especially by the earlier thiamine application may be, in the

first place, attributable to the promotion of root initiation and its development in that

stage.

    The thiamine was also effective in increasing the diameter but not the length of the



stem. As will be described later (CHAP.IV, SECT.I), thiamine spray increases the

C-N ratio in sweet potatoes, or it prornotes flowering and podding of kidney beans,

and thus shortens the growth period. These may also be connected in some way with

the increase of the yield, for in the cold districts of high altitude as Ina, (ca. 760m

above sea) where the field experiments were performed, the shortening of the growth

period may also have non-negligible influence upon the yield of the sweet potato.

    Thiamine is an indispensable factor for the development of excised root. (i27rwi29,i68)

A thiamine deficiency even in the intact field plants may be concluded in some parts of

plant, or in some period of plant growth.*

                                 SECTION II

                                  POTATOES

                            1. Material and Method

    The material for the present experiments was the "Danshaku" 'variety obtained from

the Nobeyama farm of the Shinshu University. The experiments were carried out at

the farm of the Faculty of Agriculture, Shinshu University, where the soil wasinfertile

and especially acid.

    The quantity of fertilizers applied to 3.3m2 was as follows : lime 400gr, ammo-

niurn sulphate 200gr, superphosphate of lime 200gr, potassium chloride 100gr. They

were applied at the same time as the basic fertilizers, and no compost was added. The

details of the cultivation and treatrnent will be described later.

    The number and fresh weight of the tubers were investigated at Eharvest time; they

were classified into two growps, namely, the larger tubers, each above 60gr, and the

smaller ones.

                         2. Resu!ts and Considerations

    (1) Relation between foliar thiamine spray aRd the yield of potatoes.

    Field experiment in 1952 (Tab. 15>. With the thiamine spray, the number of the

larger tubers increased by 14.5 per cent at the 5 per cent level witha significant differ-

ence, that of the smaller tubers decreased by 1.2 per cent without any significant

difference, the fresh weight of the larger tubers was in¢reased by 20.4 per cent at the

1 per cent level, and the total number, and the total fresh weight of tubers were in-

creased at the 5 per cent level.

    Eiela exPeriment in 1953. The number of blocl<s in this experiment was 8, and 1

plot had 9.9m2. Details of the cultivation and treatment were similar to those of the

experiment in l952. The larger tubers increased and the smaller ones decreased (Tab.

I6).

    FVeld exPeriment in 1954 (Tab. 17). The experiment was carried out in a similar

  * By the farmers in the Kant6 district in Japan, it has been said that rice bran is remark-

   ably effective on the yield of sweet potatoes, and FuJII's experiment(43) on "Oryzanin"

   solution from rice bran was also effective.
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Table 15.

    Field

Effect of foliar thiamine spray

experiment at Ina in 1952.

on the yield of potatoes per plant.

Control Bi spray
Difference

and its L.S.D.
significance

Percentage
    of
difference

No. of
tubers

Fresh
weight
of tubers
  (kg)

Larger tubers

Smaller tubers

    Total

Larger tubers

Smaller tubers

    Total

7682

1430

9112

 631.9

 417.0

1048. 9

 8813

 1413

10226

  760. 5

  445. 9

 1206.4

+1131*

  -17

+1114*

 +128. 6**

  +28.9

 + 157. 5*

882 (5%)

312 (5%)

923 (5%)

119.6(1%)

 60. 8 (5%)

144. 4 (5%)

+14.5

 -1.2

+12.2

+20.6

 +6.9

+15.0

   The variety used was "Danshaku''. Twenty plots, each

distance for planting was O.9xO.36m. The mother tubers

harvested on July29. During the growing period 5 cc of

per plant was sprayed 4 times on the leaves at one week
"larger'' tubers was above 60 gr.

being 3.3m2 inarea. The
were sown on May 11, and

 1 ppm thiamine solution
intervals. The Weight of

Table 16.

    ha).

 Effect of foliar

Field experiment

thiamine spray

at Ina in 1953.

on the yield of .potatoes (kg per O.1

Control Bi spray
Difference
and its
significance

          Percentage

L.S.D. of
          difference

No. of
tubers

Fresh
weight
of tubers

Larger tubers

Smaller tubers

    Total

Larger tubers

Smaller tubers

    Total

 5600

14050

19650

549. 4

382.5

931.9

 6567

12800

19367

 671. 3

 416. 3

 1087. 6

 +967:k

-1250*

 -283

+121.9:k

 +33.8
+155. 7*

816 (5%)

982 (5%)

412 (5%)

111.8(5%)

 88. 1 (5%)

143. 6 (5%)

+17.3

 -8. 9

 -1.4

+22.2

 +8.8

+16.7

8
,
or

Oll

 The variety used was Danshal<u. The number of blocks in field for the test was

and every plot was 9.9m2 in area. Five cc (in the first half of the growi"g period)

ten cc (in the latter half) of 1 ppm thiamine solution per plant was sprayed 6 times

the leaves. The weight of each Iarger tuber was above 60 gr.

way to that in 1953 and the results obtained were also similar.

    From these results it is evident that foliar thiamine spray

the number and fresh weight of the larger tubers, and the

especially the percentage of the larger tubers.

is effeetive

total yield

in

of

IIICretlSlllbcr

potatoes,

    (2) Relation between

    The same experiment

out. The results shown in

judged the tubers from the

foliar thiamine spray and the taste of tubers.

as that of sweet potatoes (CHAP.II, SECT.I) was caryied

Table 18 indicates that the percentage of the persons xvho

plots applied with thiamine to be inore delicious than tl'iose



from the control plots, was 77.8 or 85.0 per cent.

    Therefore, it may safely be said that foliar thiamine spray is effective in improving

the taste of potato tubers.

      Table 17. Effect of foliar thiamine spray on the yield of potatoes (kg per O.1

         ha). Field experiment at Ina in 1954.

Control Bi spray
Difference
and its
significance

L. S. D.
Percentage
   of
difference

No. of
tubers

Fresh
weight
of tubers

Larger tubers

Smaller tubers

   Total

Larger tubers

Smaller tubers

   Total

 9938

15050

24988

 612. 0

 423.8

 1035.8

11413

15950

27363

 772. 9

 460.9

 1233. 8

+1475**

 +900

+2375

 +160. 9*

 +37.1
+198.0

 688(1%)

2926 (5%)

1885 (5%)

 154. 5 (5%)

 89. 6 (5%)

 160. 1 (1%)

+14.8

 +5.9

 +9.5

+26. 3

 +8.8

+19.1

The remarks are the same as those in Table 16.

Table 18. Relation between foliar thiamine spray and the taste of potato tubers.

                           -ttrmT L.ttttt.ttt tt tt ..tt. .....
Sampling day (in 1954)

Soil culture Sand cif1't'ure

Oct. 22 Oct. 24

Persons who tasted

Persons voted for the tubers from non-sprayed

Percentage

Persons voted for the Bi sprayed plot

Percentage

Persons voted for both of the tubers

Percentage.

plot

20

1

 5.0

17

85.0

2

10.0

18

2

IL2
14

77. 8

2

11.0

                           '                                                                             7
      The variety used was Danshaku. The ether remarks are the same as those in
  Table 14.

                                SECTION III*

                               KIDizzIY BEANS

                            1. Material and Methods

                                      tt
    The materials for the present experiments were kidney beans, of Kentucky Wonder,

Burpee's Stringless Green Pods and Masterpiece varieties. For water culture, KAusGAi's

solution** was put into the 500 cc Erlenmeyer's flask wrapped with black cloth, and

 * The argument of this section was reported at the meeting of the Horticultural Asso-

   ciation of Japan in October, 1952.

 ** See page 203.
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the solution was renewed every third day. For sand culture, unglazed pots with a dia-

meter of 27 cm fi11ed with washed sand were used. As the fertilizer, the three times

concentrated KAsuGAi's culture solution was applied at one weel< intervals. For soil

culture in pots, the same unglazed pots as mentioned above, with uniformalized soil

were used. ' '    The quantity of fertilizers per O.1 ha, applied to the soil culture in pots and in

the field experiment, was as follows: ammonium sulphate 52.5kg, superphosphate of

lime 58.4kg, potassium chloride 26.25, lime 112.5kg. One pot had 1 plant as arule,

but in the sand culture experiment in 1954, 1 pot had 2 plants throughout the entire

growing season. The distance for planting in the field was O.9×O.3m.
    Most of the experiments were carried eut at the Agricultural Faculty of Shinshu

University, but some were carried out at the Agricultural Faculty of Kyoto Universi-ty.

Therefore, the conditions of environment in which the experiments were carried out,

were very different.

    The thiamine sprays were generally done at 10 o'clock in the morning. The control

plot in each experiment was sprayed with distilled or city water which had the pH

adjusted with HCI to that of the thiamine solution. In the case of the water culture

experiment, the flasks were enclosed by cardbord and stopped with absorbent cotton

impregnated with vaseline, and the thiamine solution was coated carefully on the leaves

to prevent contaminatin.cr the culture solution. But in the other experiment some of the

sprayed thiamine solution might have fiowed into the sand or soil.

                                  2. Results

     (1) EEfect of foliar thia!nine spray on the grDwth of kidney bean roots.

    Water culture exPeriment in 1951 (Pl.I-VII). The thiamine application on the

leaves of kidney beans was effective in promoting the development of roots.

    Sana culture exPeriment in 1951. A similar sand culture experiment was performed

and similar results were obtained (Pl. III-XX).

    Soil cultzere exPeriment in Pots in 1952. With the Masterpiece variety, a similar

soil culture experiment in pots was performed and similar results were obtained (Tab. 19).

    Eield exPeriments in 1953 a. The varieties were Masterpiece (Fig. 12) and Ken-

tucky Wonder (Fig.13). In both of the varieties the foliar thiamine spray was found

to be effective on the length, fresh weight, and dry weight of the roots.

    .Eield exPeriment in 1953 b. With the Masterpiece variety, a similar field experi-

ment was performed and similar results were obtained (Tab. 20).

    Sand culture exPeriment in 1954. Using Masterpiece as the material, a similar sand

culture experiment was performed and similar results were obtained (Tab.21).

    From the results shown above, it is clear that the foliar thiamine spray had promot-

ing effect on the growth of I<idney bean roots.

    (2) Effects of foliar thiainine spray oR the growth of shoDts amd tke yield of

        kidney beams.

    Soil culture exPeriment in Pots if･z 1952 a. From the results shown in Table 19,
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Table 19. Effects of foliar thiamine spray on the growth and yield of kidney

    beans (results per plant at the harvest time). Soil culture experiment in

   pots at Ina in 1952.

Control
          Difference
Bi spray and its
          significance

L. S. D.
Percoefntage

difference

Length of stems (cm)

Diameter of stems (mm)
Fresh weight of stems (gr)

Fresh weight of roots (gr)

Length of roots (cm)

No. of pods

Fresh weight of pods (gr)

31.62

62.10

38.32

 1. 29

32. 42

 9. 00

38.32

28. 62

66.21

49. 83

 2. 19

34.40

12. 06

49. 83

+3. 00

+4. 11

+11.51**
 +O. 90**

 +L98**
 +3. 06*

+11. 51**

5. 86 (5%)

5. 60 (5%)

9. 28 (5%)

O. 62 (1%)

1. 87 (5%)

2. 10 (5%)

9. 28 (1%)

 +9. 5

 +6. 6

+3o.e
+69.7
 +6. 1

+11.8
+30.0

      The variety used was Masterpiece. The number of blocks prepared was 8, and'-

  each plot had 1 plant.. The seeds were sown oii May 10, and the grains were harvest-

  ed on September 6. During the growing pbriod, 3 times in the first half 2 cc and

  3 times in the latter half 5 cc of 1 ppm thiamine solution per plant were sprayed on

  the leaves.

    28

    26
                     A,

                                                                     iW
gll,i -t.,otptf---e･,,f-t 2ii.,l g-gl4:' J,,,i.?/J//- iii',Si･E

     i gCE ilii.g.,/:', I' g2c i6i:,i,/i/g

                                     ov     O o. os 'h O O. 06        10/Vi 28/VI 16/VII 101VI ･281Vt 161Vll
             Date of investigation Date of investigation
Fig.12. Effect of foliar thiamine spray on Fig.13. Effect of foliar thiamine spray

  the growth (per planO of Masterpiece roots. on the growth (per plant) of Kentucky

    Field experiment at Ina in 1953. The Wonder roots.
  seeds were sown on May 12. Every Field experimens at lna in 1953.
  10th day, 2cc of1ppm thiaminesolution The remarks are the same as in
  per plant was sprayed on the leaves3times Fig. 12.
  in all. A,B,C: the control plots, At,B',

  Ct: the Bi sprayed plots. A,At: length
  of the longest root. B,Bi: fresh weight of

  roots. C,Ct: dry weight of roots.



Studies on the Physiology and Utilization of Vitamin Bi in Some Garden Crops

 Table 20. Effects of foliar thiamine spray on the growth and yield of kidney

    beans (results per air dry plant after harvest). Field experiment at Ina in

     1953.

219

                  Difference
Control Bi spray and its
                  significance

L. S. D.

Percenta'g'e""'

    of
difference

Length of stems (cm)

Diameter of stems (mm)
Weight of stems (gr)

Weight of roots (gr)

No. of pods

Weight of pods (gr)

23. 4

33. 1

11.9

 2.9

 7.4

14. 4

23.8

35. 9

17. 1

 4.1

 9.8

20. 0

+O. 4

+2. 7

+5. 2*

+1. 2*

+2. 4*

+6. 0**

4. 5 (5%)

3.4(5%)

4. 3 (5%)

1.0(5%>
2. 2 (5%)

5.2(1%)

 +1.7
 +8.2
+43. 7

+41.4
+32.4
+41.7

   The variety used was Masterpiece. The number of blocks was 10, and every plot

was 1.65m2 in area. The seeds were sown on May 8, and the grains were harvested

on September 1. During the growing period, 2 cc (in the first half of the growing

period) and 5 cc (in the latter half) of 1 ppm thiamine solution per plant was sprayed

6 times on the leaves.

   Table 21. Effects of foliar thiamine spray on the growth and yield of kidney

       beans (results per air dry plant after harvest). Sand culture experiment

       at Kyoto in 1954.

                  Difference
Control Bi spray and its
                  significance

L. S. D.
Percentage
    of
difference

Length of stems (cm)

Diameter of stems (mm)

Weight of stems (gr)

Wieght of roots (gr)

No. of pods

Weight of pods (gr)

22. 3

40. 6

 1.7

 O. 8

 4.3

 6,1

23. 3

42. 0

 2.1

 1.2

 5. 5

 8.2

+1.0
+1.4
+O. 4**

+O. 4**

+ 1. 2*i-

+2. 1;ts

2. 3 (5%)

3. 0 (5%)

O. 38 (1%)

O. 35 (1%)

1.0(5%)
1. 6 (5%)

 +4.5
 +3, 5

+23,5
+50.0
+27.9
+34.4

      The variety used was Masterpiece. The iiumber of blocks was lo, ana every p16't-

  had 1 plant. The seeds were sown on May 26, and the grains were harvested on
  August 11. During the growing period, 2 cc of 1 ppm thiamine solution per plant
   was sprayed 6 times on the leaves.

it was recognized that the length and diameter of kidney bean stems at the harvest

time were not significantly increased in ,the treated plots as compared with those of the

control; but the fresh weight of both stems and pods was increased at the 5 per cent

significant level.

    Soil culture exPeriment in Pots in 1952 b. The varieties used were Masterpiece and

Kentucky Wonder. The number of flowers 50 days after sowing were examined (Tab.

22).

    The foliar thiamine spray had a good effect on increasing the number of flowers of

the two varieties.

    The surviving green leaves of these two varieties were counted at the harvest time
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Table 22. Effect of thiamine spray on the flowering of lddney beans. Soil

   culture experiment in pots in 1952.

Varieties Treatment
'ko-J"6f flowers

per plant
Difference and
its significance

L. S. D.

                 Control
Kentucky Wonder

Masterpiece

Bi spray

Control

Bi spray

O. 30

1.10

O. 85

2. 55

O. 80*

1.70**

O. 68 (5%)

1. 53 (5%)

   The seeds were sown on May 10, and the investigation was practised on June 29.

During the growing period, 2 cc of 1 ppm thiamine solution per plant was sprayed 4

times. The number of blocks for the test was 10, and every plot had 1 plant.

   Table 23. Relation between the defoliation of kidney beans and foliar thiamine

       spray. Soil culture experiment in pots at Ina in 1952.

Varieties Treatment Survived green Difference and
leaves per plant its significance

L. S. D.

 (5%)

                 Control
Kentucky Wonder

Masterpiece

Bi spray

Control

Bi spray

11.50

 6. 25

4. 10

 O.70

5.25*

3.4e*

5. 02

3.23

      Thiamine solution was sprayed on the leaves 10 times in all. The investigation

  was practised on September 7 (the harvest time). The other remarks are the same as

  those in Table 22.

on September 7, after 10 foliar thiamine sprayings during a 100 day period. The results

shown in Table 23 indicate that the sprayed plot had fewer surviving green leaves as

compared with those of the control. Thus the thiamine application seems to bring about

an early senescence.

    Soil culture exPeriment in Pots in 1952 c. Two cc of O, O.Ol, 1or 100 ppm

thiamine solution per plant were sprayed on Masterpiece leaves 10 times during a 100

day period. The observation made on the vegetative stage (Fig. 14) indicates that the

number of the surviving leaves decreased as the concentration of thiamine sprayed on

the leaves was increased.

    jF}ield exPeriment in 1953 a. The results are shown in Figs. 15 and 16. The length,

diameter, ancl the fresh weight of the stems, the number and fresh weight of the

leaves, the number of flowers, and the total fresh weight of shoots were increased by

    Eield exPeriment in 1953 b. A similar field experiment on Masterpiece undertaken
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Fig.14. Relation between the defoliation of Fig.15.
  kidney beans and the concentration of thia- spray

  niine solution sprayed on the leaves. (per
    Soil culture experiment in pots at Ina in of

  1952. The variety used was Masterpiece. Field
  The blocks prepared were 8, and each plot B,C,D:
  hadIplant. The seeds were sown on May Di:
  10 and the investigation was carried out of
  on August 29. Thiamine solution was CJ
  sprayed on the leaves lO times in alL fresh
                                             of
                                             fresh

for yield comparison in the same year had similar results

    Sand culture exPeriment in 1954 a. A similar

piece in 1954 had again similar results (Tab. 21 and

    Sand culture exPeriment in 2954 b. The experiment

Augttst 18 consisted of following 4 plots; namely plot

5 times in all in the first half of the growing period

intervals, 7 times in all in the latter half of the period

intervals, 10 times during the whole growing period,

    Once a week from September 22 to November

pods of the kidney beans were investigated. The results

on the flower buds, flowers, and pods, the foliar thiamine

ingly the plot sprayed throughout the whole growing

in the first half, and then the plot sprayed in the latter

Moreover thiamine spray advanced the time of blooming

   (ELEk

   nT-'ny/ xE FI../ G'
        G

    -101VI 281VI 15iVU
        Date of investigation

   Relations between foliar thiamine

   and the growth and development
  plant) of stems, leaves and fiowers

Masterpiece.

     experiment at Ina in 1953. A,

     the control plots, At,Bi,C,,
  the Bi sprayed plots. A,At: no.
Ieaves. B,Bt: length of stems. C,

: fresh weight of shoots. D,Di:
   weight of leaves. E,Et : cliameter

stems. F,Fi: no, of fiowers. G,Gi:

   weight of stems.

     (Tab. 20).

 sand culture experiment on Master-

Pl. II-VIII).

 ' with Masterpiece sown on
  1 sprayed at one week intervals,

  ; plot 2 sprayed at one week

   ; plot3sprayed at one week
  and the control (non sprayed plot).

4, the flower buds, flowers, and

     shown in Fig. 17 indicate that

       spray influencecl most strik-

  period, next tb it the plot sprayed

     half of the growing period.

     and the harvest to a slight
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               Dateiof investigation

        Effects of foliar thiamine spray

          growth and development (per
        of stems, leaves and flowers of

         beans.

          experhnent at Ina in 1953.
  Variety: Kentucky Wonder. The other
  remarks are the same as in Flg.I5.

extent.

    I7ield exPeriment in 1954. The results shown in Table 24 indicate that the increase

in the number of pods by thiamine spray was significant at the 1 per cent level, and

that of the fresh weight of pods, bean grains, stems and roots, and the perfect bean

grains was significant at the 5 per cent level.

    The effects of foliar thlamine spray on the aerial part of kidney beans are summar-

ized as follows:

    Foliar spray of 1 ppm thiamine solution increases the number of leaves, flower

buds, and pods, the fresh weight of total pods. Average fresh weight of pods and

grains, and the percentage of perfect bean grains are also increased. The treatments

replenish the seeds and pods, promote the growth, and shorten the growing period.

    22/IX 291IX 6/X 131X 201X 27fX 41XI

             Date of investigation

Fig. 17. Relations between the period of

 foliar thiamine spray and the formation
  and growth of flower buds, flowers, and

  pods of kidney beans.

   Sand culture experiment at Kyoto in
  1954. A: Bispray through the whole
  growing period (le times). B: Bi spray
  in the first half of the period (5 times).

  C: Bi spray in the latter half of the
  period (7 times). D: control. Variety:

  Masterpiece. The seeds were sown on
  August 18, and5 cc of 1 ppm tiamine
  solution per plant was sprayed on the
  leaves each time.
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Control Bi spray
Difference
and its
significance

L. S. D.
Percentage
   of
difference

Length of stems
(cm, per plant)

Diameter of stems
(mm, per planO
No. of pods
(per O.1 ha)

Fresh weight of pods
(kg, per O.1 ha>

Percentage of perfect
bean grains

Fresh weight of 1
thousand bean grains (gr)

Fresh weight of roots
and stems
(kg, per O.1 ha)

  30. 6

  49. 8

29370

 94.8

 74.4

 486.3

 105.1

  30. 5

  52. 5

34350

 114. 4

  86.9

 511.9

 123.1

  -e.1

  +3.4

+4980**

 +19. 6*

 +12. 5*

 +25.6*

 +18.0*

 1. 2 (5%)

 5.2(5%)

2364 (1%)

12. 9 (5%)

10. 1 (5%)

18, 8 (5%)

14,9(5%)

 -O.3

 +6. 8

+16.9

+20.8

+16.5

 +5.3

+17.1

      The variety used was Masterpiece. The seeds were sown on May 19, and th'i-

   grains were harvested on August 27. During this periocl, 5 cc of 1 ppm thiamine

  solution per plant was sprayed on the leaves 6 times in all. The number of blocks

  prepared was 6, and the area of 1 plot was 9.9m2

    (3> Relation between the concentration of thiamine solution for foliar spray

        and the growth of kidney beans.

    Soil culture exPeriment in Pots in 1952. Two cc of O. Ol, 1, or 100 ppm thiamine

solution per plant were sprayed 10 times at an interval of 10 days during the period

from May 20 to August 29 upon the leaves of Masterpieee sown May 10. The plants

were harvested on September 10 and investigated on October 10 after air drying. The

number of blocks in this experiment was 8.

   The results obtained are represented in Figs. 18, 19 and Platell-IX. One ppm

concentration of thiamine solution was the optimum; it was especially effective on the

fresh weight and length of the roots, on the diameter of stems, the air dry weight of

stems and pods, the number of pods and on the ramification of stems. But more dilute

solution was effective for the stem length.

    From the above experiments, it may be inferred that the optimum concentration

of thiamine solution for the foliar spray on kidney beans is 1 ppm or thereabouts.

    (4) Relation betweem the time of foliar thiamine sptay and tke gtowth of

        kidney beans.

    The details of this experiment were described in the paragraph of the sand culture

experiment in 1954. The effect was greatest in the plot sprayed throughout the growing

period, next to it, in the plot sprayed in the first half, and lastly in the plot sprayed

in the latter half of the growing period (Fig. 17).
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    Soil culture experiment in pots at

  Ina in 1952. Variety: Masterpiece.

  The other rernarks are the same as
  in Fig.14.
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Fig. 19. Relation between the concent-

  ration of thiamine solution sprayed

  on leaves and the growth of stems
  and pods of kidney beans(results per

  air dry weight of planO.

   Soil culture experiment in pots at

  Ina in 1952. Variety: Masterpiece.
  The other remarl<s are the same as

  in Fig.14.

    The dry weight of the harvested pods from each plot was compared one with

another. The result obtained (Tab.25) was similar to that mentioned above. In this

case, a certain significant difference was recognized between the first two plots and the

control, but no significant difference was discerned between the third plot and the

control.

Table 25. Relation between the yield

   kidney beans and the period of fo

    ment in Kyoto in 1954.

(result at the harvest time per plant) of

liar thiamine spray. Sand culture experi-

Dry weight of pods Index

gr
Control (Water)

Bi spray in the first half of the growing period

Bi spray in the latter half of the growing period

Bi spray through the whole growing period

L.S.D. (5%)

 5.5

 8.8

 6.6

11. 5

 3.1

100

160

120

209

The rernarl<s are the same as those in Fig. 17.
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   (5) Relation between the paft of the plant sprayed and the gfowth of kidney

        beam toots.

    The effects of thiamine application to the different parts of the plant were examined

in an experiment carried out in 1951, using "Burpee's Stringless Green Pods." The

number of blocks was 10. The experiment was started on August 27 and terminated

on October 6. During this period 1 cc of 1 ppm thiamine solution per plant was coated

6 times on the different par'ts of plants.

    In four experimental plots thiamine was given to the following parts. Plot 1: both

leaf surfaces. Plot 2: upper leaf surface. Plot 3: lower leaf surface. Plot 4: stems.

The control plants received no treatment.

    The results are shown in Fig.20. The growth of roots decreased in the order of

plQts: 1>3>2>4> control.

      O.11 1.1

      O. 10 LO

      O. 09 O. 9

   Ct O･08 Ct O.8

    mee   Vs. O･07 E O.7

   B O.os "O" o.6
   G. i'.J.
   ･g o.os ge o.s

   8 O･04S o.4

         m
      O. 03 O. 3

      O. 02 O. 2

      O.Ol O.1
                   g lkll,ii 'il,ii･ zisi,l,i

                                  pt =-                                          Htr                           =s                                  g z,
                                  Nn
Fig.20. Relation between the portion of plant

  the growth of kidney bean roots per plant.

   Water culture experiment at Ina in 1951. A:

  B: dry weight of roots. C: length of roots.
  Stringless Green pod. The seeds were sown on
  investigation was carried out on October 6. The
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 Fig.21. Relation bet"Teen the fre-

   qucncy of foliar thiamine appli- '

  cation and the growth of kidney

  bean roots per plant.

    Water culture experiment at
  Ina in 1951. Variety: Burpee's
  Stringless Green Pod. The seeds

  were sown on May2 and the
   investigation was carried out on

  June 25. The leaves were coated

  with 2cc of 1 ppm thiamine
   solution per plant each time.

creases the assimilation area '
                           )
improvement of the quality of

the growing period.

    But it is not evident in the

is initially influenced by the

favour the yieldl

    It is also not evident whether

the direct effect of thiamine on

to the increase of leaf area, in

i]utrient by enlar.oed root system,

CHAP.IV,SECT.I). The '
In the cold districts this latter,

    But the effect may differ

applied, the interval of application

These will be dealt with in the

 these may

  erops,

    present

thiamine

foliar thiamine spray and tke

      or
   the differentiation.

   cooperatlon

       may

growmg
  may have

   according

       the
     '
    following

growth

     The experiment was carried out, using "Bur-

 pee's Stlingless Green Pods" as the material.

 The experiment was started on May 2, and

 closed on June 25. During the period from May

 12 to June 22, 2 cc of 1 ppm thiamine solution

 per plant was coated on both upper and lower

 Ieaf surfaces in the following frequencies: O,2,4

and 6 times.'

     From the results (Fig.21) it was recognized

 that the greater the frequency of thiamine spray

 the greater the number, length, and the fresh

 weight of the roots.

              3. Censiderations

     From the experiments above mentioned, it

 was recognized that the foliar thiamine spray

 increased the weight of total pods, average weight

 of pod and grain, the percentage of perfect grains,

 and thus increased the total yield and improved

 the quality of kidney beans.

     The promoting effect of the root growth by

 foliar thiamine spray favours the absorption of

 water and nutrient, or the applied thiamine pro-

 motes the growth of stems and leaves, and in-

    be responsible for the increase of yield and

especially in the plot sprayed at the first half of

  experiment, which of the organs, root or shoot,

spray to promote the growth of the other and to

 not the increase in the flower bud formation is

             An improvement of C-N ratio due

  ' with the increased absorption of svater and

   have some bearings on these problems (cf.

period is also shortend by thiamine application.

   a benificial effect on the yield of crops.

    to the concentration, quantity of thiamine

  growing l)eriod of the plant and other factors.

    chapter.
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                               CHAPTER IIE

        FACTORS AIEiiFECTING THE AewIVITY OF PLANTS SPRAYED

                      WITH THIAMINE ON THE LEAVES

                                 SECTION I*

                       ENVIRONMENTAL CONI[)ITIONS

    The present section deals with the effect of light, temperature, exogenous supply

of sugar and fertilizers on the early growth of sweet potatoes sprayed with thiamine..

                           1. Material and Methods

    The varieties of sweet potatoes used for the tests were N6rin No.1 nursed at the

Kyoto University Farm, and Shijttnichiimo at the Takii Farm, Kyoto. These plants

were cuitivated in boxes or pots with well washed sand.

    The fertilizers, ammonium sulphate, superphosphate of lime and potassium chloride

containing each 11.25 kg of N, P20s, K20s per O.1 ha were appliedinsolution, usual-

ly at an interval of 5 days. In the long term experiment, 20 cc of Knop'solution*:k

was applied per plant at an interval of 15 days.

    For the experiment on the surplus effect of fertilizers, the above mentioned fertilizers

containing each 22.5 kg of N, P20s, K20 per O.1 ha, were applied in dust form. In

this case, the moderate or surplus quantity was judged by the good or bad effect on

the growth of the plants.

    In the tests on the effect of light, large dark boxes or dark glass houses were used

for the exclusion of light, however, a little light entered the boxes or rooms during

the irrigation, fertilization and foliar spray of thiamine.

    For the experiment on the effect of temperature, the dark and the light rooms of

200 and 300C in the conditioned greenhouse at the Faculty of Agriculture, Kyoto Uni-

versity were used.

    Thiamine used was vitamin bydrochloricle dissolved in distilled water or survice

water. In the spraying procedures a small quantity of solution dropped into the sand

might be absorbed by the roots. To the control plants, distilled or service water, of

which the pH was adjusted to that of the thiamine solution, was sprayed.

    The slips with 7 or 8 fully expanded leaves were used for the tests, choosing those

with uniform fresh weights for each experimental plot.

  * The argument of this section was reported at the meeting of the Horticultural Asso-

    ciation of Japan in October, 1954. '
 :k'k Composition : KN03 O.5 gr, CaN03 2.0 gr, MgS04.5H20 O.5 gr, KH2P04 O.5 gr, FeC13

    2 drops of 5% solution, H20 ll.
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2. Results

 A. Light and thiamime.

   (1) Light in combination with sugar. Young plants of sweet potato (var.Shiju-

nichiimo) cultivated in sand fertilized moderately were sprayed in various ways during

the 20 days after planting.

    The results (Tab.26) indicate that the percentages of increase in the root and in

the shoot development, by thiamine spraying, were both greater in the dark than in

the light.

Table 26. Relation between light and thiamine for the growth of young

     sweet potato plants (results per plant 20 days after planting).

In the light In the dark

                        Total
Treat- No. of No. of length
ment ' primarilyseconda- of
       developed rily primarily
       roots developeddeveloped
               roots roots

Fresh
weight
 of
roots

Fresh
weight No. of Total
 of primarily length
stems developed of
and roots roots
leaves

Fresh
weight
 of
roots

Fresh
weight
 of
stems
 and
Ieaves

  o
  s
  B,
  SB,
L. S. D.

 (5%)

32. 0

33. 8

50.0

51.5

 5.0

183. 6

164.5

270. 0

380. 3

 78. 8

   cm
241.1

287. 7

372.1

387. 3

 67. 0

   gr
2.66

3.08

4. 25

4. 42

O. 82

 9. 49

 7. 81

10.63

10. 89

 1.78

gr
 7.5

 9.4

12.0

13.1

 3.5

14.2

15.3

26.0

28.1

24.1

cm    gr
O. 04

O.07

O. 14

O. 18

O. 059

   gr
6. 04

4. 46

6.90

6. 88

e. 49

Comparative percentage of increase or decrease to the control.

s B, SB,

Fresh
weight
of roots

Fresh weight
of stems
ancl leaves

In

In

In

I
n

the light

the dark

the light

the dark

+15.8

+71.9

-17. 8

-21.1

+ 60.0

+2eo.s

+ 12.0

+ 14.7

+ 7L3

+369.3

+ 14.7

+ 14.0

   Sand culture experiment at Kyoto in 1954. 0: no sucrose, no thiamine. S: 3×20

ppm sucrose per plant (foliar spray). Bi: 3×1 ppm thiamine per plant (foliar spray).
The average fresh weights of stems and leaves per plant at the beginning of this

experiment were 6.98 gr m the light and 6.97 gr in the dark.

   (2) Light in combination xuith surplus nitrogenous fertili2er. Young plants of

sweet potatoes (var. N6rin No.1) cultivated ln sand were investigated 10 days after

planting. '    The result (Tab.27 and Pl.II-X) shows again that the effect of thiamine is

greater in the dark than in the light.
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    Table 27. Relations between light, surplus nitrogenous tertilizer and

        thiamine for the growth of young sweet potato plants
        (results per plant, 10 days after planting).
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o OB, N NB, L. S. D.

 (5%)

In the

light

In the

dark

Freslt weighe of
roots (gr)

Fresh weight of stems
and leaves (gr)

Fresh weight of
roots (gr)

Fresh weight of stems
and leaves (gr)

 1.12

16.8

 O.15

 9.7

 1.25

17. 4

 O. 20

13.2

e. 36

9.6

O.07

6.5

 O.66

13.5

 O.15

 9.1

O.19

3.20

O. 05

1.64

Cornparative percentage of increase or decrease to the control.

N B, NB,

Fresh weight
of roots

Fresh weight of
stems and leaves

In the light

In the dark

In the light

In the dark

-68.4
-53.3

-42.8
-33.2

+11.7
+33.4

+ 3.6
+36.2

-41.4

  o

-19.6
 -6.1

   Sand culture experimentat Kyoto in 1954. 0: no fertilizer, no thiamine. Bi: 2×1
ppm thiamine per plant (foliar spray). N: application of ammonium sulphate 22.5 kg

per O.1 ha in sand. The average fresh weight of stems and leaves per plant at the

beginning of this experiment was ll.2 gr. ･

   Table 28. Relations between temperature, light and thiafnine for the growth

         of young sweet potato plants (results per plant 15 days after planting).

Fresh weight of roots Fresh weight of stems and leaves

        Difference Percent-
Real and its L.S.D. age Real
weight signifi-
        cance

  of weight
difference

Difference
and its L.S.D
sighifi-

cance

Percent-
age of
differ-

ence

            gr
3oODO O. 065
300DBi O. 118

20eDO O.182
200DB, O.269

3oeLo 2. oso
300LB, 2.638

200LO 1.763
200LB, 2.480
-- Sind
  O: no
  fresh weight

  7. 6 gr.

  (3) Light

     gr
+O.053**

+O. 087**

+O. 588

+O. 717

   gr
O.046
 (1%)

O. 031

 (1%)

O.640
 (5%)

O.680
(5%)

   gr
+83

+47

+29

+40

   gr
 4.2

 5.6

 5.1

 6.3

IL7
12.2

 9.1

10.2

     gr
+1. 4**

+1. 2**

+O.5

+1. 1*

   gr
1.2
(1%)

1.1
(5%)

O.7
(5%)

O. 9

(5%)

  %
+33

+24

+4

+12

  culture

thiamine.

     of

     in

 experiment at Kyoto in 1954. L: ln the 11ght. D: ln the dark.

  B,: 3×1 ppm thiamine per plant (foliar spray). The average
stems and leaves per plant at the beginning of this experiment was

combination Tvith warious temPeratures. Young plants of sweet
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potatoes cultivated in sand in the air-conditioned green house were investigated 15 days

after planting.

    The results obtained (Table 28 and Pl.II-XI) show that in both of the temper-

ature, 200 and 300C, the effect of thiamine was greater in the dark than in the light.

 B. Temperature and thiarrtine.

    The experiments (Tab.28 and P!.II-XI) showed following Tesults :

   (1) In the dark, the thiamine spray was more effective at 300 than at 200 C: for

the increase of root fresh weight 83 (300): 47 (200) and for that of leaves and stems

33:24.

   (2) Jn the light, the effect is converted; the thiamine spray increased the fresh

welght of both root and shoot at 200 more than at 300C.

    In the light, the growth is more favorable at high temperature than at low temper-

ature and in the dark the low temperature is more favorable than high temperature.

Therefore it seems that thiamine is more effective under temperatures unfavorable for

the growth of plants.

 C. Sugar and thiamiRe.

   (1> Sugar in combination Tvith light. For the growth of roots the combined

application of thiamine and sugar was more effective than the application of thiamine or

sugar alone <Tab.26, Pl.II-XII and Pl.II-XIII). The growth of the shoots was retarded

by the spray of sugar alone, and the combining effect whith thiamine was distinct.

   (2) Sugar in combination xvith surplus nitrogenous fertilizer. This experiment

was carried out in a similar way as described in Table 27 and Pl.II-X. But thiamine

and sugar were sprayed on the leaves, and the fertilizer was applied in sand. Two cc

of5ppm glucose, and2 cc of1ppm thiamine were applied on each plant2times

during a 10 day period.

    The results shown in Table 29 and Pl.III-XIV indicate that the application of

sugar and fertilizer in combination with thiamine was more favorable for the growth of

plants than the single apptication of these substances. The appiicatlon of thlamine with

sugar was especially effective for the reduction of injury caused by the application of

surplus nitrogenous fertilizer.

   <3) Sztgar in combination Tvith cr-naPhthalene acetic acid. The effect of thia-

mine and that of cr-naphthalene acetic acicl (NAA) on the reduction of injuty caused

by the application of surplus sucrose were compared one with the other.

    After soaking in each solution described in Table 30 for 72 hours, the young

plants of sweet potato (var. N6rin No. 1) were cultivated in boxes with sand.

    The growth of the plants soaked in 2 per cent sucrose solution alone was very

reduced, and this vvas remedied to some extent in the sucrose solution combined with

1 ppm thiamine, but not in the solution combined with O.1 ppm NAA. A single

application of thiamine or NAA, especially of the latter, promoted the early growth

of sweet potato plant, probably because of the good root development.
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Table 29. Relations between sugar,
    thiamine spray for the growth of

    days after planting).

surplus

young

 nltrogenous

sweet potato

fertilizer and

plants (results

the

 10

No glucose Glucose spray

Fresh weight
of roots

Fresh
stems

weight of
and leaves

Fresh weight
of roots

Fresh
stems

weight of
and leaves

  o
OB,

  N
NB,

L.S.D
 (5%)

1.12

L25
O.36

O. 66

O. 19

gr
16.8

17. 4

 9.9

13.5

 3.2

gr
1.14

1.29

O.81

1.19

O.24

gr
14.3

15.2

12.9

15.5

 2.4

gr

Comparative percentage of

glucose and no nitrogenous
mcrease or
fertilizer.

decrease to the control plot with no

N G B, NG GB, NB, NB,G

Fresh
roots

Fresh
stems

weight of

weight of
and leaves

-68.4

-42.8

+L8

-14.1

+11.7

+3. 6

-2Z7

-23.2

+15.3

-9. 5

-41.4

-19.6

+6.3

-8.9

   Sand culture

l ppm thiamine
ha) in sand. G:
leaves per plant

experiment at Kyoto in 1954. 0: no thiamine and no glucose.

spray. N: application of ammonium sulphate (as N 22.5 kg per
 5 ppm glucose foliar spray. The average fresh weight of stems

at the biginning of this experiment was 11.2 gr.

Bl:

O.1

and

Table 30. Relations between surplus sugar,

    thiamine for the growth of young svLTeet

    days after planting).

  cr-naphthalene acetic acid and

potato plants (result per plant 7

No. of primarily
developed roots

Total Iength
of roots

Fresh weight
of roots

Fresh
stems

weight of
and leaves

o
B,

NAA
s
SB,

SNAA
SB,NAA
SBiooNAA
L.S.D.
 (5%)

19. 8

24. 6

29. 6

 3.6

14.6

 3.0

16.2

 5. 0

10. 01

    cm
 72. 7

100. 8

113.9

 12.8

 48. 3

 15.6

 48.1

 18.9

 29. 88

O. 21

O. 36

O. 41

O. 06

O.30

O.14

O.34

O. 18

O. 22

gr
6. 51

6. 99

7. 07

5.11

6.64

6.13

6.42

6. 27

1.33

gr

100

tion.

per

Sand

ppm
 S:2
plant

culture experiment at Kyoto in 1954. 0: control. Bi
thiamine application. NAA: O.1 ppm ev-naphthalene
per cent sucrose application. The average fresh vireight

at the beginning of this experiment was 6.41 gr.

:1 ppm, and Biee:
acetic acid applica-

of stems and leaves



   <4) Sugar in combination with fertilixer elements. Moderate quantities of fer-

tilizers were applied. Two cc each of 1 ppm thiamine and 5 ppm suclose solution was

sprayed 4 times during a 49 day period. The result shown in Table 31 indicates that

the effects of sucrose combined with thiamine were plus upon the growth of roots

with nitrogen or potassium, but minus upon that of shoots with the same elements.

      Table 31. Relations between sugar, fertilizer elements applied moderately

         and thiamine for the growth of young sweet potato plants (results per
         plant 49 days after planting).

                   OB, NB, PB, KB, OSB, NSB, PSB, KSB,L.S.D.(5%)

Number of tubers 2.5

Fresh weight of 6.7
 tubers (gr)

Fresh weight of 21.1
stems and leaves (gr)

 3.7

 9.7

28. 8

 5. 2

14.0

26.1

 4. 3

13. 0

27. 6

 3. 2

 9.1

20. 7

 4. 5

12.0

25. 4

 4.3

11.9

20. 7

 5. 5

15.4

21.4

O. 81

2. 37

4. 58

Comparative percentage of increase or decrease to the plot sprayed with

thiamine solution alone (no fertilizers).

NB, PB, KB,

Fresh weight
of roots

Fresh weight
of stems
and leaves

No sucrose

Sucrose spray

Difference

No sucrose

Sucrose spray

Difference

-44.8
+79.0
+34.2

+36.4
+20.4
-16.e

+108.1

+ 77.6

- 30.5

+ 23.7

- L9
- 25.6

+ 94.0
+129.8
+ 35.8

+ 30.7

+ 1.4
- 29.4

      Sand culture experiment at Kyoto in 1954. 0: no fertilizer. N: ammonium
  sulphate application. P: superphosphate of lime application. K: potassium chloride

  application. These fertilizers (as N, P20s and K20 each 3.75 kg per O.1 ha) were

  applied three times in sand as solution. Bt: 1 ppm thiamine foliar spray. S: 5 ppm

  sucrose foliar spray. The average fresh weight of stems and leaves per plant at the

  beginning of this experiment was 8.6 gr.

   (5) Kind of sugar combined with thiamine. Sucrose, levelose or glucose of 20

ppm concentration and thiamine of 1 ppm concentration were used. The .results shown

in Table 32 and Plate III-XV indicate that for the growth of young sweet potato plants

(var. N6rin No,1), the application of all kinds of sugar combined with thiamine was

more effective than the sugar application alone, but no significant clifference was discern-

ed among the three kinds of sugar with thiamine.

   (6) Concentration of sugar combined with thiamine. Effect of O.4w20 ppm sucrose

sprays on the growth of young sweet potato plants (var. N6rin No. 1) was investigated.

The sucrose solutions mixed with 1 ppm thiamine were sprayed 4 times during a 40

day period.

    The results shown in Fig.22 indicate that the fresh weight of stems and leaves,

and the length of stems decreased according to the increasing concentrations of sugar,
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Table 32.

    plants

Kind of sugar and thiamine for

(results per plant 49 days after

the growth of
planting).

young sweet potato

No. of
tubers

Fresh
weight of
tubers

Total fresh
weight of
roots

Diameter
of stems

Length
of stems

Fresh weight
of stems
and leaves

o
Bl

s

SB,

L
LB,

G
GB,

L. S. D. (5%) 1

4.9
6.,1

5.8

6.1

5.2

6.0

5.4

6.5

 .06

   gr
14.1

18.6

13. 7

19.0

14.5

19.3

15.5

20. 2

 2. 46

  gr
18.9

24.4

20. 8

24. 8

22. 3

26. 0

22. 2

27. 9

 3. 78

  mm
40.0

44. 9

42. 0

46. 7

41.1

25. 6

42. 2

46. 0

 4. 00

  cm
56.3

5Z1
45. 4

55. 2

41. 1

48.5

45. 8

54. 2

 6. 09

  gr
19. 8

23. 6

18.6

21.1

15.6

20. 0

18.7

21. 4

 1.05

    Sand culture experiment at Kyoto in 1954. 0: no thiamine,
ppm thiamine foliar spray. S: 20 ppm sucrose foliar spray. L: 20

spray. G: 20 ppm glucose foliar spray. The average fresh weight

per plant at the beginning of this experiment was 8.6 gr.

 no sugar. Bi:1
ppm levulose foliar

of stems and leaves

whereas the number and the fresh weight of

and then decreased, perhaps because of the

ing of high concentration sugar.

 tubers

decrease

increased up to

 of assimilation

the 10 ppm solution

 area by the spray-
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of

of
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    Concentration of sugar (ppm)

sugar concentration combined with thiamine on

sweet potatoes. Results per plant 40 days after

and

The
tuber

spraying of sugar

 differentiation,

 with thiamine is therefore effective for the

but for the growth in thickness of tubers,

root

 it is

development

 not always



useful without further consideration upon the growth of stems and leaves (Pl.III-XVI).

    From all the above-mentioned facts, the relation between sugar and the effect of

thiamine on plants, was recognized as follows.

    Spraying of sugar combined with thiamine promotes the root development and

tuber differentiation, but for the growth in thickness of tubers, it is not effective except-

ing the sugar treatment at a low concentration. The growth of shoots is retarded by

the spraying of sugar alone but this retarding influence is diminshed by combining

with thiamine.

    D. Fertilizer elements amd thiarnine.

   (1) Fertili2er elements in moderate guantity in combination with thiamine.

Young plants of sweet potato (var. N6rin No. 1) cultivated on sand were fertilized moderately

and sprayed with 2 cc of 1 ppm thiamine on each plant 3 times during a 15 day period.

    The results shown in Table 33 and Plate III-XXI indicate that the ratio of the

growth increase by the application of phosphate fertilizer in combination with thiamine

was the greatest.

      Table 33. Relation between fertilizer elements applied moderately and thia-

          mine for the growth of young sweet potato plants (results per plant

          15 days after planting).

                     O OB, N NBi P PBi K KB, L.S.D.(5%)
Fresh weight of 3.7
roots (gr)

Fresh weight of
stems and leaves 14.0
 (gr)

 4.5

15.0

 4. 9

17. 8

 5.6 4.1

18.5 16.7

 6.1 5.5

18.1 17.0

 5.6

IZ 4

O.54

O. 86

Comparative percentage of increase or decrease to the control(O).

OB, N NB, P
P'B' irrww L'Lk'-

KB,

Fresh vLTeight of
roots

Fresh weight of
stems and leaves

+21.6

+ 7.1

÷32. 4

+27.1

+51.3

+32. 1

+10. 8

+19. 6

+64.9

+29. 2

+48.7

÷21.4

+51.3

+24.3

      Sand culture experiment at Kyoto in 1954. 0: no fertilizer, no thiamine. N:
  ammonium sulphate application. P: super pliosphate of Iime application. K: potassium

  chloride application. ･These fertilizers (as N, P20s, K20 each 3.75 kg per e.1 ha)

  were appliecl 3 times in sand as solution. Bi : 1 ppm thiamine foliar spray. The average

  fresh weight of stems and leaves per plant at the beginning of this experiment was

  9.8 gr.

   (2) Fertilizer elements in moderate quantitrv in combination Tvith thiamine and

sugar. The results (Tab.31) indicate that the number and the fresh weight of tubers

in the plot applied with phosphate fertilizer were largest (PI.III-XXI), but the fresh
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weight of shoots was larges£ in the plot applied with nitrogenous fertilizer.

   (3) Fertilizer elements in surPlus quantity in combination with thiamine. Ammo-

nium sulphate, superphosphate of lime or potassium chloride, each 22.5 kg of N, P20s,

K20 per O.1 ha, were applied in sand, and 2 cc of 1 ppm thiamine was sprayed 2

times during a 10 day period.

    The results shown in Table 34 and Plate III-XVII indicate that the application of

surplus ammonium sulphate had the worst influence upon the growth of young sweet

potato plants, but the spraying of thiamine was most effective at this plot.

      Table 34. Relation between fertilizer elements applied surplusly and thiamine

         for the growth of young sweet potato plants (results per plant 10 days

          after planting).

                      O OBt N NBi P PBi K KB, L.S.D.(5%)
Fresh weight of 1. 12 1. 25 O. 36 O. 61 O. 81 L ll O. 86 1. 04
roots (gr)

Fresh weight of 16.8 17.4 9.6
stems and leaves (gr)

13.5 16.4 17.4 17.0 17.1

O. 24

3. 48

Comparative percentage of increase or decrease to the control.

OB, N NB, P PB, K KB,

Fresh weight of
roots

Fresh weight of
stems and leaves

+11.6

+ 4.0

-67.8

-47.5

-40.5

-2L8

-27.6

- 2.6

-O.9

+4.0

-23.2

+ 1.3

-7. 1

+2.0

      Sand culture experiment at Kyoto in 1954. 0: no fertilizer, no thiamine. N:
  ammonium sulphateapplication. P: superphosphate of lime application. K: potassiaam

  chloride application. The fertilizers (as N, P20s,K20 each 22.5kg per O.1 ha) were

  applied all together in sand as dust. Bi: 1 ppm thiamine foliar spray. The average

  fresh weight of stems and leaves per plant at the beginning of this experiment was

   9.6 gr.

    Therefore, when fertilizers were applied ln moderate quantity in the soil, the

thiamine spray was most effective in combination with phosphatic fertilizer, but when

fertilizers were applied in surplus quantity it was most effective in combination with

the fertilizer of worst influence.

                               3. Comsiderations

    From the results obtained above, it seems to be proved that thiamine is highly

effective for the plants grown under unfavorable conditions, such as darkness (especially

accompanied with high temperature), surplus sugars, surplus fertilizers, etc. The effect

of the spraying of thiamine combined with sugar is greater for the growth than the

sum of the effects of each constituent, and by the thiamine application the growth ratio

of plants having moderate phosphate supply was highly increased in comparison with that

'



                                  '

supplied with other elements, viz. nitrogenous or potash fertilizer. The application of

thiamine combined with sugar was most effective for the reduction of the injury caused

by surplus nitrogenous fertilizer.

    These facts suggest that generally in abnormal conditions and also in the gerrnina-

tion or in the starting period, the thiamine production or its supply is inclined to

be insuflicient and the plant growth must reluctantly run after the deficiencies. By the

application of thiamine, the thiamine content is increased, and the metabolism, not

only of carbohydrate but also of other substances, wil! be carried out smoothly and

excellently. Hence it seems that thiamine is effective for the exclusion of physiological

obstacles.

                                 SECrg]ION IIac

                         AGRICULTURAL CHEMICALS

    The influence of various agricultural chemicals on the effect of thiamine was studied

{or the practical purposes of the thiamine spray.

                           1. Materials and Methods

    Sweet potato (var. N6rin No. 1), Kidney bean (var. Masterpiece) were used for the

experiments with spreader, and potato (var. Danshaku) for the experiment with Bor-

deaux mixture. The plants were grown in pots with soil fertilized with 5 gr each of

ammonium sulphate, superphosphate of lime and potasium chloride per pot.

    In the experiments with spreader, O.02 per cent "Gramin", a spreader produced

by Sanky6 Pharmaceutical Co. and thiamine hydrochloride solution of 1 ppm were used.

During the experimental period, spraying of thiamine, with and without "Gramin",

was performed 6 times at one week intervals and the yields were compared.

    In the experiment with Bordeaux mixture, Plot 1 was sprayed by Bordeaux mixture,

and then on the next day by thiamine spray. The composition of the Bordeaux mixture

used was 6 gr-6 gr-1000 cc, and the final thiamine concentration was 1 ppm. An equal

quantity of "Gramin" was added to every suspension or solution.

    Experiments on the thiamine stability in relation to the chemicals mixed were also

performed. The decrease in the quantity of thiamine with the time was determined

after 500r% solution of thiamine was mixed with the solution, suspensions or emulsions

of various agricultural chemicals.

                         2. Results and Considerations

    (1) Etfect of spreader.

    The number and the fresh weight of the sweet potato larger tubers were increased

and those of the smaller ones were decreased by the application of thiamine with the

spreader as cornpared with the control (Tab. 35).

  * The argument of this section was reported at the meeting of the Horticultural Associ-

    ation of Japan in April, 1957.
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 Table 35.

     er,
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  Effects of foliar thiamine spray

on the yield and quality of sweet

Vitamin Bi in Some Garden Crops

mixed with "Gramin", a spread-
potatoes (results per plant).

237

Spray of
thiamine
alone

Spray of
thiamine
mixed with
 "Gramin''

Difference
and its
significance

L.S.D.
 (5%)

      '        .ttt
Percentage
  of
difference

No. of
tubers

Fresh
weight
 of
tubers

Larger tubers

Smaller tubers

Total

Larger tubers

Smaller tubers

Total

1.15

1. 33

2. 88

    gr
1409

 523

1932

2. 00

1. 00

3. 00

  gr
1843

 399

2242

+O. 45*

-O. 33

+O. 12

    gr
+434*

-124
+310

O. 41

O. 49

O. 28

  gr
 382

 98
 344

+25.8
-24.8
+ 4.2

+30.0
-23.6
+16.0

      Experiment in pots with soil at Ina in 1956. The variety used was N6rin No.1.

  The number of blocks was 8, each having 2 plots and 1 plant per plot. The weight

  of every "larger tuber" was above 60 gr. Thiamine: 1 ppm solution. Spreader:
  O.2cc/l "Gramin." Thiamine and Grarnin were sprayed fully on the leaves 6 times.

    Result of a similar experiment with kidney beans (Tab.36) shows that the fully

ripened pods of kidney beans were increased, while the unripened pods were decreased

by the addition of spreader to the thiamine solution.

      Table 36. Effects of foliar thiamine spray mixed with "Gramin'' on the yield

         and quality of lddney beans (results per air dried planO.

                         #,F.`/haiili8ef/ilil:'l".iil;'iO.i.ztb Dg;'/'ff'.ii,t::C.Z.LcsS%'P':lig.S,2XZg.e

No. of
pods

Weight
 of
pods

Ripe pods

Unripe pods

Total

Ripe pods

Unripe pods

Total

3. 3

O.9

4.2

  gr
6. 4

O.3

6.7

3.6

O.7

4.3

  gr
7.1

O. 1

Z2

+o. 3

-O. 2*

+O. 1

    gr
+O. 7

-O. 2*

+O. 5

O.62

O. 18

O. 12

  gr
O. 91

O.18

O. 78

+ 9.1

-22.2
+ 2.4

+ 9.4
-66.7
+ 7.4

      The variety used was Masterpiece. The other remarks are the same as those inL

  Table 35.

    It seems that thiamine spray mixed with "Gramin" is more effective than the

thiamine spray alone.

    (2) Efuct of Bordeaux mixture.

    The resuits shown ln Table 37 and PlateIII-XVIII indicate that the effect of a

separate application of Bordeaux mixture and thiamine is significantly great.

                                                            '
    (3) Sta'Dility of thiamine in mixture with various agricultural chemicals.

    The results shown in Table 38 and Fig.23 indicate that the thiamine mixtured
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Table 37. Effects

   the yield and

 of foliar

quality of

thiamine

potatoes

spray mixed
(results per

 with
plant).

BordeauX mlxture on

Spray of
Bordeaux
  .mlxture
alone

Spray of
thiamine
mixed with
Bordeaux
 .mlxture

Separate
sprays of
thiamine
Bordeaux
mlxture

and
L. S. D.

 (5%)

No. of
tubers

Fresh
weight
of tubers

Larger
Smaller

Total

tubers

tubers

Larger
Smaller

Total

tubers

 tubers

2. 3

3.3

6. 0

  gr
146.3

 40. 7

187. 0

 4.0

 2.8

 6. 8

   gr
192. 8

 28. 3

221.1

 4. 6

 2. 5

 7. 1

   gr
220. 8

 29. 3

250. 1

 1.4

 O.9

 1. 4

   gr
42. 6

 9. 3

43. 4

   The variety used was Danshaku. The weight of each
gr. The Bordeaux mixture used was the 6gr-6gr-1000cc
mixed into each solution. The other treatments were the

larger tuber

one, and the

same as those

was above 40

 Gramin was
in Table 35.

with chemicals of acidic nature such as "Gramin," "Improved Rino" (a spreader) or

nicotine sulphate was relatively stable, but in a mixture with alkaline chemicals such

as Bordeaux mixture or sulfur lime was unstable.

    These facts coincide with the results obtained in the above-mentioned experiments

on the relation between thiamine spray mixed with Gramin or Bordeaux mixture and

the yield of crops.
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Fig.23. Tniamine stability when mixed with "Gramin'' or Bordeaux

   mlxture.
     The concentration of Gramin used was O.22 cc/l and that of

   copper sulphate or quicl<lime in Bordeaux mixture was each
   6.25 gr/l. This experiment was carried out at 300C.



Table 38. Thiamine stability when mixed with various agricultural chemicals.

Kinds of chemi¢als

Survived rates of thiamine
(500r% at the starting time)

2 .ho.urs after Index* 45. 4ours after

mlxmg mlxlng

               Concentrationsindex,F. ApVHerage oSecrhiemicais
Makers of chemicals

Distilled water

Improved Rino spreaderi)**

Liquid fish oil soap

Calcium caseinate

Nicotine sulphate Ishiguro 40

Sankyo DN ernulsion2)

Derris emulsion

DDT emulsion 20
BHC wettable power 5
DDT wettable powder 20
Lead arsenate

Soid wettable sulfur3)

Dithene wettable powder4)

Dilute liquid lime-sulfur

Sanky6 Bordeaux5)

Urea '

Y6gen6)

479. 5

480. 1

 90. 0

195.0

478. 2

240. 0

307. 5

230. 0.

216. 0

142. 5

397. 5

 82. 5

477. 5

 95. 0

247. 5

465. 0

452. 0

r%
100

100

 19

 41

100

 50

 64

 48

 45

 30

 83

 17

100

 20

 52

 97

 94

r%
382. 5

421. 0

 58. 5

127. 5

433. 0

228. 2

258. 2

140. 5

 82. 5

 75. e

367. 5

 6o. e

400. 0

 58. 0

137.5

397. 5

420. 0

80

88

12

27

90

48

54

29

17

16

77

13

83

12

29

83

88

 5.8

 5.6

 8.2

 9.2

 5.4

 5.8

 5. 8

 6. 0

 7. 4

 7. 2

 5. 6

 7.0

 5.8

IL 2

 6.8

 5.8

 5. 6

o

 O. 4cc

 3. 0cc

1. 4gr

 1.Icc

 O. 7cc

 2. 0cc

 1. 7cc

 5. 4cc

 3. 0gr

 3. 0gr

 3. 3gr

 2. 2gr

10. 0gr

 2. 6gr

 5. 0gr

 5. 0gr

Nihon N6yaku.
Tomono N6yaku.
Tomono N6yaku.
Ishigro Seiyaku.

Sankyd Seiyaku
Ishihara Seiyaku.

King Jochakiku K5gyo.
Sankyd Seiyaku.

Sanky6 Seiyaku.

Nihon N6yaku.
Sanky6 Seiyaku.

Sanky6 Seiyaku.

King Jochukiku Kogy6.
Sanky6 Seiyaku.

T6yb K6atsu.

Tdya K6atsu.

 * The concentration of thiamine in distilled water 2 hours after mixing was indicated as 100.

** Chief ingredients I) Ethyl ester of coconut oil fatty acid, coconut oil monoglyceride and

  2) 2,4-Dinirto-6-cyclohexylphenol. 3) Colloid sulfur. 4) Zinc ethylen bis-dithiocarbainate.

  and phenyl mercuric acetate. '6) Urea.
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    Generally speaking, the application of thiamine mixed with alkaline chemicals is

undesirable; and only seperate applications wiH assure hopeful results But the thia-

mine was relatively stable in a mixture with fertilizers for foliar spray such as urea or

"Y6gen. "ac

                               CHAPTER IV

         EFFECTS OF THE FOLIAR APPLICATION OF THIAMiNE ON
                 THE PHYSIOLOGICAL ACTION OF PLANTS

                                 SEC[EYION E**

                          CHEMICAL COMPOSITION

                           1. Materials and Methods

    (1) General chemical composition.

    The tubers of sweet potatoes and potatoes, and the grains of kidney beans harvest-

ed in the field experiments at Ina in 1955 were analyzed.

    As to the methods of culture and treatment, they were already described in the

preceding chapter (CHAP.II, Tabs.13,17 and 21). The methods of analysis are as

follows:

    Crude protein: total nitrogen was determined by the Semimicro-Kjeidahl method,

the obtained value was multiplied by 6.25 and this was regarded as crude protein;

crude fat: by the Soxhlet extraction; crude fiber: by the A.O.A.C method; caloric

value: calculated by the RuBNER coefficient. Moisture and ash were determined by

the usual methods.

    (2) Carb{thydrate.

    The tubers of sweet potatoes and potatoes, and the grains of kidney beans harvested

in the soil and sand culture experiments in pots in 1955 <CHAP.II, Tabs.14 and 18)

were analyled. The analysis was practised by the Bertrand method. The total carbo-

hydrate is shown as the sum of total sugar and starch after being converted into glucose.

    (3) C-N ratio.

    The C-N ratio of potato tubers and bean grains.

    The C-N ratio of potato, sweet potato tubers, and of kidney bean grains was

calculated from the results on the general chemical composition described above.

    The C-N ratio of stems, leawes and roots.

  * Chief ingredient: Urea,

 ** The argument of this section was reported at the meeting of the Horticultural Asso-

   ciation of Japan in April, 1956.
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    The plants of sweet potatoes and kidney beans described in the above-mentioned

(2) were dried immediatly after harvest and analyzed in December, 1955. The deter-

mination of nitrogen was made by the Semimicro-Kjeldahl method, and that of carbo-

hydrate by the Bertand method.

    (4) Thiarnine.

    Sweet potato tubers (var. N6rin No.1, N6rin No.4, Kant6 No.31 and Taihaku)

cultivated and harvested in the field experiment in 1953 already described (CHAP.II,

SECT.I, Tab.11), potato tubers (var. Danshaku) harvested in the field experiment in

1952 (CHAP.II, SECT.II, Tab. 15), and kidney bean grains (var.Masterpiece) harvested

in the soil culture experiment in pots in 1952 (CHAP.II, SECT.III, Fig.14) were

ana!yzed. The determination of thiamine was made according to the method already

described <CHAP.I).

                                  2. Results

    <1) Etik}cts of feliar thiamine spray on the general composition of bean

        grains and tubers.

    Foliar thiamine spray seems to be effective, though only slightly, in increasing the

content of nitrogen free extract and calorific value (Tab.39), and the C-N ratio in

tubers and beans (Tab.40).

      Table 39. Relations between foliar thiamine spray and the general chemical

          composition of bean grains and sweet potato and potato !.u. berg:7.(Wetr.?F.fi.i.9:1

                          H,o g;.",d,?. C,r.u,de il/V?tgr:,g,eii figg.de Ash Calys8e,,

Sweet potato
 tubers

Potato tubers

Kidney bean
 grams

Control

Bt spray

Control

Bi spray

Control

Bi spray

   %
71.21

68. 73

79. 02

78. 36

14. 87

13.73

   %
 1, 34

 L31

 2. 01

 1. 90

20.97

20.71

  %
O. 20

O. 20

O.12

O.12

6. 10

6.04

  %
25. 05

27.77

17.41

18. 11

49.12

50. 90

 %
1.03

O. 95

O.62

O. 64

3. 31

3. 20

 %
1. 17

1. 04

O. 82

O. 87

5. 63

5. 42

 cal
110

121

 81

 83

344

350

     The materials harvested in the field experiment at lna in

 and 21) were analyzed.

     Table 40. Relations between foliar thiamine spray and the

. tubers and bean grains. (Wet basis.)

1955 (see Tables 13, 17

C-N ratio of

Sweet potato tubers Potato tubers
'----R"iclney

bean grains

Control

Bi spray

116. 8

132.4

54. 1

59. 6

14.6

15. 4

   The C-N ratio in this table was calculated from the results of experiment in

Table 39.



    (2> Effects of foliar thiamine spray om the composition of carbohydrate in

        tubers and bean graims.

    The results shown in Tables 41･di"w43 show that foliar thiamine spray is effective,

though only slightly, in increasing the contents of sugar and starch in tubers and beans.

      Table 41. Relation between foliar thiamine spray and the composition of

          carbohydrate in sweet potato tubers. (Wet basis.)

                        Rseudguac;ng NsOungmarredUCing TsOutgaalr Starch [FaOrtbaolhydrate

       Control
Soil
culture Bi spray

       L.S.D. (5%)

       Control
Sandculture Bi spray

       L.S.D. (5%)

O. 94

O.96

O. 08

L 15

1. 27

O. 11

%
3. 26

4. 84

1. 21

4. 38

4. 39

O.08

%
4. 20

5. 80

1. 48

5. 53

5. 66

O. 17

%
19. 22

20. 72

 1.76

19. 22

21. 74

 2. 22

%
25.56

28. 82

 3. 18

26. 89

29. 82

 2. 62

%----.-.--

The same materials as shown in'Table 14 were analyzed.

Table 42. Relation between foliar thiamine spray and the

   carbohydrate in potato tubers. (Wet basis.)

composition of

Reducing
 s} gar

Non-reducing
sugar

Total

suger
Starch

Tota'i "' -' ' -""

carbohydrate

Soil

culture

Sand
culture

     '

Control

Bi spray

L.S.D. (5%)

Control

Bi spray

L.S.D. (5%)

O.22

O.30

O. 07

O. 12

O.14

O. 04

%    %
O. 45

O. 62

O. 14

O.79

O. 97

e.15

O. 67

O. 92

O.21

O. 91

1. 11

O, 17

%    %
15.43

16. 80

 1, 48

14. 51

15.89

 1. 32

   %
17. 81

19. 59

 L69

17.03

18.78

 1. 48

The remarks are the same as those in Tables 18 and 41.

                                                   '

Table 43. Relation between foliar thiamine spray and the

   carbohydrate in kidney bean grains. (Wet basis.)

composition of

Reducing
 sugar

Non-reducing
sugar

Total
sugar

Starch Total
carbohydrate

Soil

culture

Sand
culture

Control

Bi spray

L.S.D. (5%)

Control

Bi spray

L.S.D. (5%)

1.79

1. 88

O.13

1. 76

2. 12

O. 31

%
2. 43

2. 98

O. 42

2. 78

3. 22

O. 36

%
4. 22

4. 86

O. 54

4. 54

5. 34

e. 68

%    %
38. 48

40. 22

 2.11

37. 71

39. 48

 2.12,

   %
46. 98

49. 49

 2. 84

46. 44

49. 21

 2. 98

   The materials harvested
those described in Tables 14

after

and

 practising the same

18 were analyzed.

cultivation and
treatment as--
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    <3) Effects ef f(fiiar thiaini"e spray om the carbohydrate, and nitrogen

        contents, as well as the C-N ratioes of stems, ]eaves aend roots.

    The results (Tab. 44) show that foliar thiamine spray is effective in increasing the

content of carbohydrtae but not in increasing the content of nitrogen; thus the spray

increases the C-N ratio of plants.

Table 44. Relations

    .   nltrogen contents
    (Dry basis at the

between

as well

 harvest

 foliar thiamine

as the C-N ratio
 time. )

spray and
of stems,

 the carbohydrate,

leaves and roots.

Sweet potatoes Kidney beans

Stems Leaves Roots Stems Leaves Roots

Carbo-
hydrate

Nitro-

 gen

C/N

Control

Bi spray

L.S.D. (5%)

Contro!

Bi spray

L.S.D. (5%)

Control

Bi spray

L.S.D. (5%)

  %
32. 98

36. 20

 2. 21

2. 28

2. 40

 O. 17

14. 46

15. 08

 O.56

  %
22. 82

24. 09

 1. 03

 4. 21

 4. 18

 O.13

 5. 42

 5. 76

 O. 29

  %
29. 15

29. 96

 1.08

 2.04

 1. 92

 O. 21

14. 29

15. 60

 O. 80

  %
33. 42

35.68

 2.04

 2. 16

2. 26

 O.14

15.47

15.78

 O.54

  %
18. 86

22.12

 1, 22

 4.12

3. 98

 O.31

 4. 58

 5. 56

 O. 62

  %
28. 40

29. 01

 O. 98

 2. 24

 2. 20

 O.06

12,70

13. 18

 O. 36

   The stems, leaves
experirnent in Tables 41

and
 and

small roots of plants

43 were analyzed.

used as the materials for the

    (4) Effects of foliar thiamine

        bean grains.

   a. Sweet lbotatoes. The results

is effective, though only slightly, in

spray on the

shown in Table

increasing the

thiamine

 45 show

thiamine

content

 that fol

'COIItellt

iar

of

of tubers and

thiamine spray

tubers.

Table 45. Relation

   of sweet potato

between foliar thiamine spray

tubers. (Wet basis.)

and the thiamine contents

Varieties

ttttt ttt

N6rin
No.1

Norin
No.4

Kantd Kant6
No.24 No,31 Taihaku Average L. S. D.

Control

Bi spray

   r%
125.6

149.2

   r%
129. 2

132.8

   r% r%
122.4 129.2
163.2 142.8

 95. 2

136.0

r% r%   120. 3

   144. 8

   r%
20. 46 (5%)

33. 33 (1%)

   The materials
analyzed.

harvested in the field experlment at Ina in 1953 (Table II) were

   b. Potatoes. Slmilare results are shown in Table 46.

   c. Kidnes, beans. The total, ester and free form

the experiment shown in Fig.14 were determined. The

that foliar thiamine spray is effective in increasing the

the bean grains.

Bi in the grains harvested in

results shown in Fig. 24 show

free form thiamine content of
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Table

   of

46. Relations

potato tubers.

           T.

between foliar

(Wet basis.)

 IIJIMA

thiamine spray and the thiamine contents

Larger tubers L. S. D. (5%) Smaller tubers L.S.D. (5%)

Control

Bi spray

  r%
114.4

128.6

 r%
13.9

  r%
105.6

122. 6

  r%

15.3

   The materials harvested in

analyzed. The average fresh

smaller tubers was 30 gr.

                        4oo

                        430

                      tx 4oo

                      kwFt.370

                       g
                       g 310

                      g 2ac

                      l5 2so

                      8. 22e

･
E
g
e

  the
weight

1

1

13

1

oo

oo

o

oo

l
1

field experiment at

of the larger tubers

[[bta1 B:

 Free forrn Bi
e/if -' -'

/

  Ester form

---'

Bt

pdpo.d.

Ina in 1952 (Table 15) were

was 140 gr and that of the

                    O O.Ol 1 1oo
                        Bi concentration (ppm)

Fig. 24. Relations between foliar thiamine spray and the thiamine

     contents of kidney bean grains as well as the forms of

     thiamine in them. (Thiamine contents per fresh matter.)

       The bean grains of Masterpiece, harvested in the soil

     culture experiment in pots (Fig.14) were analyzed on
     October 28 in 1952.

'

                              3. Considerations

    Firstly, it was recognized that foliar thiamine spray modified, though only slightly,

the composition of carbohydrate; the sugar and starch contents in tubers and bean

grains increased. This seems to have certain influence on the taste of crops or tubers

(CHAP. II).

    Secondly, the foliar spray was effective in increasing the C-N ratio in plants. It

is already reported that C-N ratio at a high level promotes the root initiation (HicKs

1928),(57) tuber formation (KAMiBAyAsHi 1938, KoBAyAsHi 1945)(89,96) and fiower-

bud differentiation (YosHii 1951).(i75) Thus the thiamine is to be concerned, as co-
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carboxylase in carbohydrate metabolism, to the fullest for the causes of these or other

'related phenomena.

                                  SECTI'ON IIoo

                   CHANGE OF THIAMINE IN PLANT BODY

                           1. Materials and Methods .

    Uniformly grown slips of sweet potato taken from the nursery on the previous day

to the experiment and put in city water, were tested. In the case of roots and young

tubers of sweet potato, these were carefully dug out from the field and put in city

water, and on the next day they were tested; kidney beans were tested after being

cultivated in water.

    The method of thiamine application will be later described in the paragraph of re-

sults. The control plants were supplied with distilled water, the pH value of which

was adjusted with hydrochloride acid to be equal to the thiamine solution, The method

of thiamine determination is described in CHAP.I.

                                  2. Results

    (1) Effect of foliar thiamime spray on the thiamine content of sweet potato

        plants.

   a. Thianzine content in stems and leaves at warious Parts of growing plants.

Slips of N6rin No.1 (average welght 12.5 gr> with 9 expanded leaves were put in

water, and three expanded leaves (Bs.w B7)"" were coated with 1 cc of 10 ppm thiamine

solution with a squirt on both upper and lower surfaces of leaves. Twenty-four hours

after that treatment, the total Bi was determined (Tab. 47. )

 '

      Table 47. Effects of foliar thiamine application on the thiamine contents of

          stems and leaves at various parts of sweet potato plants (r% unit, wet basis>.

 wttmmtttwwt-.tt.- ..t.t t.t.t/..tt.ttt..L. tt tt . .                                                              '                          control Biapplication l･llti,-ff,eige."iCfie,.a.",d. L.s.D.

       Upper part (U)
Stems Middlepart(M)
       Lower part (L)

            BnNT
Leaves B3,B4
            B,, B,

22. 7

17. 5

20. 7

 86. 1

106.6
160.8

34.7
26. 4

34. 8

111.4
131.4
195. 4

12.0*
 8. 9**

14. 1**,

25. 3**

24. 8**

34. 6*

 8.3 (5%)
 3.8 (1%)
 6.1 (1%)

24.7 (1%)
14.9 (1%)
29.0 (5%)

     Experiment at Ina in July, 1952. T,Ai,A2,Bi-vBg see Fig.25. Leaves Bs-"B7
 at the middle part of stems were coated with 1 cc of 10 ppm thiamine solution per

 plant and after 24 hours each part was analyzed.

 * The argument of this section was reported at the meeting of the Horticultural Asso-
  ciation of Japan in April, 1953.

** The youngest expanded leaf of the sweet potato is marked with Bi and the oldest
  unexpanded leaf with Ai; the marks of expanded leaves go basipetally as B2, B,, B,, --
  --, and those of unexpanded leaves acropetally as Ai, A2, ---- and T (shoot apex)
 (see Fig. 25).
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 A2
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   B3

･(g
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Bg
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B2

    U
B4

    M
[ill>

Bs

L

Fig.25. Situation of leaves coat-

  ed with thiamine solution and

  the part of sweet potato plant

  taken as the material for analy-

  sis in the experiment of
  Table 47.

   BiNBg: number of expanded
  leaves from the top.

   T. IulMA

    The thiamine content in the stems increased

remakably in the growing point and･its vicinity

(U); next to it, in the lower part (L) which isthe

part for water absorption or root initiation; the

same tendency was observed in the young leaves

growing vigorously.

    b. Thiamine content in the 'part of root

initiation. The slips <average weight 20.5 gr) of

sweet potato <var. N6rin No.1, N6rin No.4, Kant6

No. 24, Kant6 No. 31 and Taihaku) with 9 expanded

leaves were'treated as in experiment a, and after 24

hours'total Bi in the basal part of the stems was

determined (Tab. 48).

    The results indicate that in all the varieties

used, the thiamine content of the lower part of the

stem from which the roots initiate was increased

by thiamine application.

    c. Thiamine content of smalt roots. One
month after the planting of 5 varieties of sweet

potato, each plant was coated with 5 cc of 10 ppm

Table 48. Effect of foliar thiamine application

   the root producing part of sweet potato stems

on the th

 (r% unit
--lamlne
, wet b

contents
asis).

of

Varieties N6rin N6rin
No.1 No.4

Kant6
No. 24

Kant6       TaihakuNo. 31 Average
Difference
and its
significance

L. S. D.

(5%)

Control

Bi appli-
  .catlon

19.0

32. 5

20. 2

28. 2

17. 0

24. 2

21.3

28, 3

28. 5

35. 1

21. 2

29. 6

8.4* 5.7

   Experiment at Ina in July, 1952.

mine solution per plant and after 24

B7"wBg were analyzed.

 Leaves were coated

hours the stem parts

with 1

 (each
cc

2

 of

cm)

10

at
ppm
the

thia-

nodes

thiamine solution, and 24 hours later, the total Bi in the small roots was determined

(Tab.49>. The content in the small roots of sweet potato was increased by thiamine

application.

   d. Thiamine content of young tubers. Young tubers from the materials described

in the above experiment c, were used. The fresh weight of each tuber was less than

15 gr. The results shown in Table 50 indicate that the thiamine content of young

tubers was increased within 24 hours by foliar thiamine spray.

    Judging from the results mentioned above, the thiamine absorbed by the Ieaves is

transferred to all the plant organs in a･short time, and accumulated in the parts of

vigorously metabolic activity.
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t ttttttt

  ....t..

Varieties N6rin N6rin
No.1 No.4

Kgn.l2 Kgn.5ol Taihaku tttt t  -ttN.tttttttt.tt........tttttt.t......r.... tmttttt
        Difference
Average and its L.S.D.
        significance

Control

Bi-appli-
  .catlon

68. 0

88. 2

76.5

90.6

34. 0

68.5

68. 0

85. 0

57.0

68. 4

60.7

80.1
19.4** ' 18.6(1%)

     Experiment at Ina in July, 1952. Two cc of 1 ppm thiamine solution per plant
 was sprayed on the leaves. Twenty-four hours after that treatment, the small roots

 were analyzed.

     Table 50. Effect of thiamine application on the thiamine contents of young

         sweet potato tubers (r% unit, wet basis).

      ttt ttww.L. .tt.t- t ..... ......t.t.t.ttttt                                                           Difference             N6rin N6rin Kanto Kant6  Varieties No.i No.4 No.24 No.3i Taihai<u Average gingdniifitcsance L･S･D･

Control

Bi-appli-
  .catlon

27. 2

44. 2

40. 4

57. 8

29. 8

38. 3

30. 6

34. 0

32. 5

40. 8

32. 0

43. 0

11.0* 9,6 (5%)

      Experiment at Ina in July, lgs2. Twenty-four hours after thiaillline spray, the

  tubers obtained from the experiment described in Table 49 ･were analyzed.

    (2) Form of thiarrtine absorbed through the leaf surface and its transformation-

    Slips (average weight 23.9 gr) of sweet potato (var. N6rin No. 1) with 9 expanded

leaves were coated on the leaves with 1 cc of 10 ppm thiarnine solution per plant with

a squirt. Twenty-four hours and again at 76 hours after treatment, free or ester form

thiamine in the lower part of the stems between the nodes B?.yBg was determined

(Tab･51): i) Thiamine increasing in the lower part of the stems 24 hours after the

application is mostly that of free form. ii) Thiamine increasing after 76 hours is that

of both free form and ester form. The ratio of ester form is thus increased with the

time elapsing after the application.

      Table 51. Relation between the transformation of thiamine in the lower
 .....um......-. parf.o.f...s-w..eg.t..potato .f tems and the time elapsed (r% unl.i.;..l.¥."e..tm.beSilill/.- ..

 Time elapsed

L'"F'r'Lee form Ei

 Ester form B!
  Total Bi

24hr

eontr61

    76hr

 Bi application

      '24hr 76hr

  L.S.D.

5% 1%
16.7

 5.5

22. 2

13. 9

 5.6
19. 5

27. 1

 6.2
33. 3

20. 6

10.6

31. 2

4.2

1.6

3.8

6.5

2.3

5. 5

   Experiment at Ina in July, 1952. Leaves were coated with 1 cc of 10 ppm thiamin'e'

sloution per plant. After 24 hours the stems at the nodes B7-yBg were analyzed.

 (3) Parts of geaf and the rate of thiamine absDrption.
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    Slips (average

leaves were put in

solution per plant.

        50

     A 45
     $ 40
     : 35
     g 3,
      2 2,

     -E 2o
     eN is

        lsO

         o
              g
              a

                   T. IIJIMA

weight 26.5 gr) of sweet potato (var. N6rin No. 1) with 9 expanded

water, and on the next day coated with 1 cc of 10 ppm thiamine

 Twenty-four hours after treatment, the total Bi in the lower part

             / of the stems at the nodes B7twBg,
                              as well as in the petioles at the nodes

'

/tt

t/

s

s

s
s P

P

P
P

$
oT.

E
&

Fig.26. Relation between
  applied with thiamine and

  of stems and petioles (results per fresh matter).

     Experiment at Ina in
  stems. P: petioles. The

  with 2cc of 10 ppm thiamine
  after 24 hours the thiamme
  determined.

9ff kg

sig sig

 the part of leaf
  thiamine contents

August, 1952. S:
leaves were coated

     per plant and

     contents were

 Table 52. Relations between foliar

     contents of kidney bean stems

t........t....--.                    ... . tt

 thiamine
(r% uiiit,

Bs.vBg, was determined.

    These results (Fig.26) indicate

that the rate of thiamine absorption

by the lower surface of the leaf is

greater than that by the upper sur-

face of leaf.

   (4) Thiamine absDrption by
     kidmey bean leaf.

    Masterpiece variety cultivated in

water was tested. During a 10 day

period in the early growing perlod

of the plant, 1 cc of 10 ppm thia-

mine solution per plant was coated 5

times on both of the leaf surfaces.

    The results (Table 52) indicate

that the thiamine absorbed is accumu-

lated mostly at the growing point

of the stem and its vicinity, or

at the part of root development, that

is, at the parts of vigorous activity

of plants.

 application and the thiamine
.wet basis).

Control Bi application
Difference

and its L.S.D.
significance

Stems
Upper
Middle

Lower

part

part

part

5Z7
31. 3

42. 1

118.9

 65.1

 99.1

61.2**

33.8*

57.0**

48.3 (1%}

28.5 (5%)

49.2 (1%)

' Experiment at Ina in 3une, 1952. Leaves were coated with1cc of lo ppm thia-

  mine solution per plant 5 times in a 10 day period, and thereafter the stems were

  analyzed.

                                4. Considerations

    From the experiments of present and foregoing sections, it was recognized that the

thiamine absorbed by the leaves was transferred to all the organs of plants in a short

time, and accumulated in the reserve organs or in the parts of high metabolic activity,
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as this has already been reported by many researchers.(22,42,63,67,134,i40)

   Thiamine reserved in the dormant seeds (Tab.5) is mainly of free form, and with

the increase in metabolic activity in tissues and organs the percentage of ester form,

i.e, the active form, of thiamine is also increased. This would indicate the natural

course of thiamine produced by the leaves. . '

                                 SECTION III

     WATER ABSORPTION, TRANSPIRATION AND OSMOTIC PRESSURE

                           1. Material and Methods
                       '
    Young plants of svveet potato (var. N6rin No.1) cultivated in boxes with sand

were used. Twenty potometer were applied for determining the rate of water absorp-

tion and a balance for determining the rate of transpiration. Osmotic pressure was

determined by the cryoscopic method. The determination of the rate of water absorption

and transpiration was carried out in a glass house. Other details will be described in the

paragraph of results.

                         2. Results and Consideration

    (1) Relation between thiamine spray and tke water absorption of young

        sweet potato plamts.

    The first experiment. Slips weighing on the average 12.2 gr were planted on

August 13, 1954 and cultivated in sand with KAsuGAi's water culture solution for dry

field crops:i'` in decuple concentration. '
    A.fter planting thiamine solution was sprayed 4 times, and the water absorption of

these plants was measured on August 27, 1954, the day after the last thiamine spraying.

    On the morning of experimental day, the plants were dug out and the roots were

washecl in water. Each plant was then put into potometer, and one hour before mea-

suring the rate of water absorption, the total weight was measured for determining the

rate of transpiration. The equipment was arranged in a glass house and the absorbed

water was measured every hour during an 8 hour period from 9. 31 a.m. to 5. 30 p.m. .

    At the end of the experiment, the total weight of the potometer with water and

plant, the fresh weight of young plants and that･ of the leaves were measured.

    Tl]e results (Tab. 53 and Fig. 27> indicate that the rate of water absorption of plants

sprayed with thiamine was increased per plant (at the 1 per cent level) or per gr of

fresh plant and fresh leaf (at the 5 per cent level).

    The second experiment. The young plants of sweet potato were tested on August

28, 1954 by the same method as described in the first experiment. The results shown

in Table 54 and Fig.28 indicate that by the moderate foliar thiamine spray, the rate

of water absorption was increased at the 5 per cent level of significant difference per

plant and per gr of fresh leaf.

 'ts See page 203.



Table 53. Relation between foliar thiamine spray and the water absorption of young sweet potato plants. (Experiment 1.)

Average
fresh
weight
per plant

Average
fresh weight
 of leaf
per plant

Water absorbed per plant
Water absorbed per gr
     fresh plant

Water absorbed per gr
fresh Ieaf

Quantity
Difference
          L. S. D.and its
           (1%)significance

Quantity

Differefice

and its
significance

L. S. D.
       Quantity (5%)

Difference
g,",d.,･iigance

L. S. D.

 C5%)

Control

Bi spray

  gr
18.5

20. 5

 gr
5.7

6.2

   cc
37. 64

49. 98

  cc cc
12. 99:l:* 11. 20

  cc
2. 03

2. 44

  cc

O. 41*

  cc

O. 36

   cc
6. 60

8.05

  cc

1.45*

 cc

1. 39

   Data show the total quantities of absorbed water

plot. Measurment 15 days after planting. Bi spray:

   Table 54. Relation between thiamine spray and

 for 8 hours. The number of blocks for the test was 6, having 1 plant in each

4 times 5 cc 1 ppm thiamine solution per plant on the leaves.

the water absorption of young sweet potato plants. (Experirnent 2.)

               tttt t. .. r

Average
fresh
weight
per p]ant

Average
fresh weight
of leaf per
plant

Water absorbed per plant
Water absorbed per gr
   fresh plant

VVater absorbed per gr
     fresh leaf

Quantity
Difference
          LS.D.and its
           (5%)si.crnificance

Quantity
,aDt?g.ei/7is:C.e,.Lc,S%')D'Quantity Difference

and its
significance

L. S. D.

 (5%)

Control

Bi spray

  gr
21.4

21.8

  gr
6.7

6.8

   cc
37. 49

42.59

  cc

5. 10*

 cc

4.82

  cc
1.75

1.95

   cc

O. 20

   cc

O.24

   cc
5. 59

6. 26

   cc

O. 67:S

  cc

O. 48

Measurment 16 days after planting. Other remarks are the same as those in Table 53.
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      Fig.27. Relation between thiamine spray and the water absorption of young

         sweet potato plant. (Experiment 1.)

           A: temperature. B: relative humidity. C, Ci: water absorbed per
         plant. D,Di: water absorbed per gr. of fresh plant. C,D: the control
         plots. Ci,Di: the sprayed plots.

                                                 '
    The third experiment. Young plants were tested on September 1, 1954. During 20

days after planting, 5cc of 1 ppm thiamine solution per plant was sprayed on the leaves

5 times ; after the last spraying the plants with the roots were dug out and immersed

in water ip the laboratory. The water absorption was measured orr the 3rd day after

immersion (the 4th day after the last spraying).

    The results shown in Table 55 and Fig. 29 show that by the moderate foliar thia-

mine spray, the rate of water absorption in plants was increased at 1 per cent level of

signlficant difference per Plant and at 5 per cent level per gr of fresh plant or fresh

leaf.

    From these results, it is evident that the rate of water absorption in plants is

increased by the moderate foliar thiamine spray and the effect is comparatively durable.

    (2) Relatiom hetween thiamine spray axtd the trftnspiration of yong sweet

        potato plants.

    The first experiment. The same materials used for the first experiment mentioned

above on water absorption were used for this experiment, and the rate of transpiration

during a 10 hour period was determined (Tab.56). By'the moderate foliar thiamine
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      Fig.28. Relation between thiamine spray and the water absorption of young

         sweet potato plants. (Experiment 2.)

           The marks are the same as in Fig.27 and the other explanation is the

         same as in Table 54.

                                                             '
spray, the transpiration of plants was promoted at the 5 per cent level of significant

difference per plant and per gr of fresh leaf.

    The second experiment. The same materials used for the second experiment on

water absorption were used for thi$ experiment, and the rate of transpiration during a

10 hour period was determined. The result obtained were similar to those of the first

experiment (Tab.57).

    From these facts, it is evident that the transpiration of plants is promoted by foliar

thiamine spray of a moderate concentration.

    As will be described later (CHAP.V), the respiration of plants was promoted by

thiamine application. This may have some relation to promoting the water absorption

and transpiration of plants.

    (3) Relatien between thiamine spray and the osmotic pressure of sweet potato

        roots.

   The osmotic pressure ef small sweet potato roots was determined cryoscopical!y. The

young plants for the test were planted on June 2, 1954. 5cc of1 ppm thiamine

solution was sprayed on each plant 4 times durlng the period from June 2 to June 30,
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Table 55. Relation between foliar thiamine spray and the water absorption of young sweet potato plants. (Experiment 3.)

Average
fresh weight
per plant

Average
fresh weight
of Ieaf
per plant

Water absorbed per plant

Difference
and its
significance

Water absorbed per gr
   fresh plant

Quantity

Water

L. S. D.

 (5%)

 absorbed per gr
fresh leaf

Quantity
Difference
          L. S. D.and its
           (5%)significance

Quantity
Difference
and its
significance

L.S.D.
 (5%)

Control

Bi spray

  gr
19.7

24. 6

  gr
5.8

Z5

   cc
 8. 25

15. 31

  cc

7.06*

  cc

4. 89

  cc
O. 42

O. 62

   cc

e. 2o*

   cc

O. 17

   cc
1. 42

2. 04

  cc

O. 62*

  cc

O. 46

ppm

The data show the
 thiamine solution

Table 56.

total quantities

per plant on the

Relation between foliar

of absorbed water for 7

 leaves. Other remarks

thiamine spray and

hours.

are the

Measurment 20 days after
same as those described in

the transpiration of young

planting.

Table 53.

sweet potato plants.

Bi spray: 5 times 5 cc 1

(Experiment 1.)

Average
fresh weight
per plant

Average
fresh weight
of leaf

per plant

Transpiration per plant
Transpiration per gr
   fresh plant

Transpiration per gr
    fresh leaf

Quantity
Difference
and its
significance

L. S. D.

 (5%)
Quantity

Difference
          L. S. D.
and its
           (5%)significance

Quantity
Difference
and its
significance

L. S. D.

 (5%)

Control

Bi spray

  gr
18.5

20. 5

  gr
5.7

6.2

   cc
43. 57

53.53

  cc

9. 96*

  cc

9.16

  cc
2. 36

2. 61

   cc

O. 25

   cc

O.31

   cc
7. 64

8. 63

  cc

O.99

  cc

O. 68

The data show the total quantities of transplratlon for 10 hours. The other remarks are the same as those in Table 53.
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     The remarks are the same as in Table
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Table 57. Relation between foliar thiamine spray and the transpiration of yourig sweet potato plants. (Experiment 2.)

Average
fresh weight
per plant

Average
fresh weight
of leaf
per plant

   Transpiration per

        Difference
Quantity and its
   . sigEificance

plant

 L.S.D.
  (5%)

Transpiration per

Quantity

fresh plant

Difference
and its
. Pigniacance

gr

L. S. D.

 (5%)

    Transpiration per
       fresh leaf

         Difference
Quantity and its
        significance

gr

  '

L. S. D.

 (5%)

Control

Bi spray

  gr
21.4

21. 8

      '
the total

 gr
6.7

6.8

   cc
38. 65

43. 50

  cc

4. 85

  cc

4.78*

   cc
1.81

2. 00

  cc

O.19

  cc

O. 38

   cc
5. 77

6. 40

   cc

O.63*

  cc

O. 42

The data show quantities of transplratlon for 10 hours. The other remarks are the same as those in Table 54.
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June 30 being the last day of the spraying. From July 1 till 3uly 7, every day at 10

a.m., the osmotic value was measured.

    The results shown in Fig. 30 show that thiamine spray is not significantly effective

on the osmotic pressure of the roots.

                                SEewION IVee

                              PHOTOSYNTHESIS

                           1. Materials and Methods

    (1) Measurment of C02-absorption'of leaves under natural conditioms.

    The experiments were carried out in the glass house of Kyoto University. The

temperature was 12.v140C and the intensity of natural illumination was 3000-v4000

luxes in the glass house.

    All the plants for the test were cultivated in pots with sand, and their leaves

were used under natural conditions. The C02 absorbed was obtained by determining the

difference between the quantities of C02 in the air that were flowed through cellophane

chambers with and without the leaf (TAKANo1955),(i55)

    In the case of sweet potatoes (var. N6rin No.1), a full quantity of 1 ppm thia-

mine solution was sprayed on the leaves 4 times at. 5 day intervals, and the sixth expand-

ed young leaf from the top (B6*") was used for the examination. In the case of l{idney

beans, after 3 times 1 ppm thiamine foliar spray at 5 day intervals in full quantity,

the lowest simple leaves just above the cotyledons in each young plant were used.

    (2) Measurement by manometry.

    The experiments were carried out by the WARBuRG manometry (IsAwA 1955).(8i)

One cc each of 1) SoRENsEN's mixed buffer solution of citrate and hydrochloric

acid, 2) WARBuRG's bicarbonate and carbonate mixture as the source of C02, and

3) thiamine solutions were put in the main chamber of manometer, and by adjusting

xErith HCI, the final pH value of the solution was kept at 8.6. The last concentration

of thiamine applied were O, 1, 100 and 1000 ppm.

    Eight 1 cm2 punched pieces of leaf were floated on the solution, keeping their lower

surfaces in touch with the surface of the solution. Measurement was carried out at

300+O.10C. The 02-uptake during 30 minutes was cletermined in the dark, and the

apparent evolved 02 during 30 rninutes was determined in the light illuminated by a

200-watt incandescent electric bulb. After repeating the measurments, the rate of photo-

synthesis was determined.

    Materials for the test were the !eaves of sweet potato (var. N6rin No.1), potato

 (var. Danshaku), kidney beans (var. Masterpiece), and cabbage (var. Nagaokak6hai).

  * The argument of this section was reported at the meeting of the Horticultural Asso-

   ciation of Japan in April, 1956. '
                                                  ' :k* See page 245.
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                     2. Results and Considerations

(1) Experiment under matural conditions.

                                                      '                         'The results shown in Tables 58 and 59 indicate that 1 ppm thiamine foliar spray

significant promoting effects on the photosynthesis of sweet potato leaves per unit

at the 5 per cent level and on that of kidney bean leaves at the 1 per cent level.

  Table 58. Relation betweeri foliar thiamine spray and the assimilation of

     sweet potato leaves under natural conditipns. (mg C02/gr.cal light/cm2/

     minxlOO basis.) ･
             I ll M IV V VI Average

Control

Bi spray*

3.11

5.58

3.94

4.61

4. 95

5. 01

3. 60

4. 68

4. 15

4.81

3. 90

5. 16

3. 94

4. 98

L. S. D,

O. 853

 (5%)

1. 343

(1%>

   Experiment at Kyoto in November, 1954. * One ppm thiamine solution was sprayed

fully on the leaves of materiais 4 times at intervals of 5 days after ptanting. After

this treatment, the "B6'Lleaves in each plant were tested.

Table 59. Relation between foliar thiamine spray and the assimilation of
   kidney bean leaves under natural conditions. (mg C02/gr.cal light/cm2/

   minx100 basis.) .-

I f
i m W v W Average L.S.D.

Control

Bi spray*

1. 55

2.42

1. 83

2. 65

1. 53

1. 98

1. 65

1. 98

1. 33

2. 21

1.62

1. 82

1.59

2. 18

O. 33

(5%)

O. 51

(1%)

      Experiment at Kyoto in November, 1954.* One ppm thiamine solution was sprayed

  fully on the leaves of materials 4 times at intervals of 5 days after the germination.

  After this treatment, the simple leaves just above the cotyledons tested.

    (2> Experiment by manometry (Figs,31rw34>.

   One ppm and 100 ppm thiamine application generally promoted the assimilation, while

1000 ppm application exerted retarding effects on the sweet potatoes and kidney beans.

    From these results it may safely be said that one of the causes of moderate foiiar

tliiamine $prays increasing the yield and improving the quality of crops, lies in the

promotion of the assimilation.
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                                 SEevION Vee

                                RESPIRATION

                           1. Materials and Methods

    The plants used as the material were sweet potato (var. N6rin No.1), potatoes

(var. Dashaku), and kidney beans (var. Masterpiece). Every plant was sown or planted

on May 2, 1955 and uniformly cultivated in pots with sand supplied with the KAsuGAi,s

water culture solution for dry field crops (see p.203); the experiments were carried

out from July 20 to August 10, 1955.

    The rate of respiration was determined by the WARBuRG manometry.(i76) The

temperature of the cistern was 30±O.10C. The concentrations of buffer and thiamine
solution were the same as those used in the experiments on photosynthesis <CHAP.IV,

SECT.IV). The final pH value of the solution was kept to be 4.16 by adjusting with

HCI. Special materials for respiration were not added.

    In the case of leaves 10 cm2 leaf pieces were fioated on the solution keeping the

lower leaf surfaces in touch With the surface of solution, and in the case of roots 1 gr

of fresh rootlets was floated on' the solution.
                                                                        '                                                                      '   The vessels of manometer were wrapped with black cloth for protecting against

assimilation. And then, 02-uptake during a 20 minute period was determined 5 times

consecutively.

    Respiratory quotient was determined according to the WARBuRG's direct method. (i76)

   After repeating the measurement 5･-v13 times, the average values were compared.

                                             '
                         2. Results and Considerations

    (1) Thiamine application and the respiration of leaves and roots.

   a. Leawes. The fourth fully expanded leaf (B4) of the sweet potato was tested.

The results shown in Fig.35 indicate that the respiration in the 1 ppm plot was pro-

moted remarkably, while in the 1000 ppm plot, it was decreased.

    The results on potato leaves shown in Fig.36 indicate that in every eoncentration

the thiamine application promoted the respiration, especially the effect was remarkable

at high concentration.

    The results on kidney beans (Fig.37) were similar to those of the potatoes just

mentioned above.

   b. Roots. In Iow concentration plots, the respiration of the roots of sweet potato

and potato was promoted remaTkably, but in the 1000 ppm plot it was almost equal to

that of the control plot (Figs.38 and 39). The respiration of kidney bean roots was

promoted by thiamine application at any concentration, but the effect was most remarka-

ble at 100 ppm (Fig.40).

  * The argument of this section was reported at the meeting of the Horticultural Asso-

   ciation in October, 1955. ,
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    The dry matter of the materials used for the tests are shown in Fig.41. It seems

that the respiration of the materials with a high dry weight percentage (kidney bean>

was comparatively advanced at a high thiamine concnetration, while that of the materials

with a low dry weight percentage (sweet potato) was rather advanced at a low thiamine

         .concentratlon.

    In any case, a moderate thiamine application is effective on promoting the respiration

of plants.

    (2) Qo,.

    From the data obtained above, Qo2 of leaves and roots were calculated by the next

formula :

        Qo2= ptI02 uptake!mg dry weightf hr

    The results (Figs.42tw47) indicate that the moderate thiamine application is effective

for promoting the metabolic velocity of the plants.
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     Studies on the

    (3) Thiamine

    The respiratory

determined by the

method.(i76) The thiamine concentra-

tions applied in this experiment were

the optimum ones to the respiration

of each plant.

    From the results shown in Figs.

48N50, it may be evident, that
the respiratory quotient of the leaves

supplied with optimum thiamine,

approaches to 1.0. viz. to that of

sugars.

    It seems that the moderate thia-

mine spray smoothes the utilization

of sugar, the main material for respira-

tion, and thus promotes the growth

of plants or increases the yield and

improves the quality of crops,
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                               CONCLUSIONS

    The present study has dealt with physiological actions of thiamine and the methods

of its application in cultivating sweet potatoes, potatoes, and kidney beans.

    The application of moderate concentration of thiamine on seeds promotes the germi-

nation, especially that of old seeds. The cause of this phenomenon may be explained as

follows :

    In the process of seed germination under natural conditions, the stored thiamine is

transformed irom free form to ester form and consumed, the decrease being nearly

parallel to that of the dry weight in the dark as the germination process advances. The

thiamine content of old seeds is also decreased, and closely related to the rate of germination.

    A part of thiamine absorbed by seeds is also transformed to the ester form and

consumed. The respiration of seeds is promoted by the application of thiamine. The

general activation in physiologic processes, esp. the activation in energy metabolism,

may have direct bearing upon the germination.

    A moderate amount of thiamine also activates the transpiration and photosynthesis

of the leaves, and its promoting effects on the root and tuber development, or on

increasing the yields and improving the quality of crops, may be explained by the

same reason as in the seed germination. Thiamine is to be the primal requisite for the

energy metabolism.

    The thiamine sprayed on leaves is absorbed in a short time and accumulated in the

tissues and organs of high metabolic activity. It is gradually transformed into ester form

and this will be utilized in plants. The values of respiratory quotient approaches to

1. 0.

    A moderate thiamine spray raises the C-N ratio in plants, and promotes the initi-

ation and development of the tuber, and the flower bud differentiation. It shortens the

growing period of plants.

    Thiamine is highly effective under unfavorable conditions, but also to some extent

under `normal' conditions. The plant or its organ seems to be susceptible to thiamine

deficiency. A high metabolic activity requires more thiamine, and more thiamine will

again increase the physiologic processes. Thus the actively metabolizing plants usually

run after thiamine, a limiting factor in these conditions.
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                                 SUMMARY

    The present study has been carried out with the intention of elucidating the physio-

logical action of thiamine in higher plants and the methods of its utilization for culti-

vating garden crops.

    The main materials were: sweet potatoes (Jpomoea batatas LAM.), potatoes (So-

lanum tuberosum LiNN.), and kidney beans (Phaseolus z,ulgaris LiNN.).

    (1) Thiamine application at moderate concentration promotes the germination of

seeds or increases the germination rate of old seeds.

    (2) In the germinating seeds the thiamine stored is transformed from free form to

ester form and is consumed in the dark nearly in parallel to the decrease of dry weight.

By the artificial application of thiamine, the rate of respiration is remarkably increased.

    (3) The thiamine content of old seeds is decreased nearly in proportion to the

time elapsed; the rate of germination is closely related to the thiamine content.

    (4) Foliar thiamine spray at moderate concentration is effective for the initiation

and development of .root, flower bud differentiation, and the increase of the yield of

crops; larger tubers and weighty podnb were produced and the flavor of crops was

improved.

    (5) The optimum concentration of thiamine solution for seed soaking, as well as

for foliar spray, lies at 1 ppm or thereabouts. Spraying is more effective in the first

half than in the latter half of the growing periocl of plants.

    (6) Under unfavorable conditions of li.crht, temperature, and fertilizer, the thia-

mine application is especially effective for the growth of plants.

    (7) When applied in optimum quantity, phosphorus is the most effective of the

three fertilizer elements, i.e. nitrogen, phosphorus and potassium, for the thiamine

activity in plants.

    (8) The foliar thiamine spray combined with a low concentration sugar solution is

more effective than the individual sprays.

    (9) Foliar thiamine spray mixed with acidic agricultural chemicals is desirable;

.alkaline cliemicals decrease the thiamine stability remarkably.

    (10) The foliar thiamine spray at moderate concentration increases the sugar,

starch, and thiamine contents of crops, and raises the C-N ratio of plants.

    (11) The thiamine sprayed on leaves is absorbed by plants in a short time, and

is mostly accumulated in the parts of high metabolic activity.

    (12) A greater part of the thiamine absorbed by leaves is its free form, but a part

is transformed to the ester form as time elapses.

    (13) Foliar thiamine spray at moderate concentration promotes the transpiration,

the water absorption, the photosynthesis and the respiration of plants, and makes the

values of respiratory quotient to approach to 1.0.

    (14) Some thiamine deficiency in the actively metabolic portion of plants, espe-

cially in the early growing period, seems to be responsible for the smoothing effects of

thiamine through sugar metabolism.

{
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                                 EXPLANATEeN Oge PLATE I

Fig.I. Effect of foliar thiamine spray on the growth of young sweet :potato plants. Water culture experi-

   ment at Ina (Shinshu Univ.)in 1953. C: control. B:Bi spray. Experimenta! deta see Table 7 (p.206).

Fig.II. Effect of foliar thiamine spray on the growth of young sweet potato plants. Sand culture experi-

   ment at Kyoto in 1954. Photo 20 days after planting. C: control. B: Bi spray. See Table 8 (p.206).

Fig.III. Effect of foliar thiamine spray on the growth in thickness of sweetpotato tubers. Field experiment

   at Ina in 1953. Photo: tubers per3plants at the harvest time. C: control. B: Bi spraY. Other
   explanations see Table 10 (p.208).

Fig.IV. Effect of foliar thiamine spray on the formation of sweet potato tubers. Sand culture experiment

   at Kyoto in 1954. C: control. B: Bi spray. a: photo'35 days after planting (tubers per5 plants). b:
   photo 49 days after planting. Other explanations see Table 12 (p.209).

Fig.V. Relation between the thiamine concentration for foliar spray and the initiation and development of

   young sweet potato roots. Sand culture experiment at Ina in 1952. Photo 30 days after planting. e, O.Ol,

   l, leO, 1000: concentration (ppm) of thiamine sprayed. Other explanations see Textfig.8 (p;210.

Fig.VI. Relation between the concentration of thiamine for foliar spray and the formation and growth in

   thickness of sweet potato tubers. Field experiment at Ina in 1952. Photo 70 days after planting.

   A: control. B: 100 ppm Bi spray. C:1 ppm Bi spray.･ D: O.Ol ppm Bi spray. Other explanations

   see Textfig. 10 (p.212). ' . .Fig.VII. Effect of foliar thiamine application on the growth of kidney bean roots. Water culture experi-

   rnent at Ina in 1951. a : control. b : Bt applied plot. Variety: Burpee's Stringless Green Pod. The leaves

   in the plot applied with thiamine were coated with lcc of 1 pprn thiarnine so!ution per plant 5 times

   during a 15 day period. The seeds were sown on September 2, photo September 28. See page 217.
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EXPLANATION OF PLATE II

Fig.VIII. Effect of foliar thiamine spray on podding of kidney beans Cphoto per 10 plants). Sand culture

   experiment at Kyoto in 1954. Variety : Masterpiece. C: control. B: Bi spray. Other explanations see

   Table 21 p.219.
Fig.IX. Relation between the concentration of thiamine solution sprayed and the growth of kidney beans.

   Photo at the harvest time. Soil culture cxperiment in pots at Ina in 1952. From left to right : plants in

   plot sprayed with O, O.Ol and ICO ppm thiamine solution. The variety used was Masterpiece. Other
   explanations see Textfig.23 (p.238).

Fig.X. Light, surplus nitrogenous fertilizer and thiamine for the growth of sweet potato roots. Sand culture

   experiment at Kyoto in 1954. L: in the light. D: in the dark. O: no thiamine, no fertilizer. B: 1 pprn

   thiamine (foliar spray). N :arnmonium sulphate C22.5 kg N per O.1 ha) in sand. Photo : total roots from

   each of 8 plants 10 days after planting. See page 228.

Fig.XI. Temperature, light and thiamine for the growth of young sweet potato plants. Photo 15 days
   after planting. Each plots of a: the total roots of 8 plants. b: the young piants treated in the dark.

   Other explanations see Table 28 (p.229).

Fig.XII. Sugar and thiamine for the growth of young sweet potato plants in the light. Photo 20 days after

   planting. Sand culture experiment at Kyoto in 1954. C: control. S: 20 ppm sucrose (foliar spray). B: 1

   ppm thiamine (foliar spray). SB : foliar spray of thiamine with sucrose. Each plot of b shows the total

   roots from 8 plants. See page 230.

Fig.XIII. Sugar and thiamine for the growth of young sweet potato plants in the dark. Photo 20 days after

   planting. Each plot of b sows the total rGots from 8 plants. Other explanations see Fig.XII (p.230).
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                                 EXPLANATION 0F PLATE III

Fig.XIV. Sugar, surplus nitrogenous fertilizer and thiamine for the growth of sweet potato roots. Photo 10

   days after planting. Each plot of thjs photograph shows the total roots from 8 plants. Other explanations

   see Table 29 (p.231).

Fig.XV. Kind of sugar and thiamine for the root development and tuber formation of sweet potatoes. Photo

   49 days after planting. Each plot of these photographs shows the total tubers (a) or roots (b) from 8

   plants. Other explanations see Table 32 (p.233).

Fig.XVI. Relation between sugar and thiamine activity for the growthof young $weet potato plants. Photo

   49 days after planting. B:1 ppm thiamine foliar spray. S:1 ppm sucrose foliar spray. See page 234.

Fig.XVIL Relation between surpius fertilizer elements and thiamine for the development of sweet potato
   roots. Photo 10 days after planting. The photograph of each plot shows the total roots from 8 plants.

   Other exFlanations see Table 34 (p.235).

Fig.XVIII. Effect of thiamine and Bordeaux mixture on the yield and quality of potatoes. A: spray of
   Bordeaux mixture alone. B : spray of thiamine mixed with Bordeaux mixture. C. seperate sprays of
   thiamine and Bordeaux mixture. C : seperate spraysof thiamine and Bordeaux mixture. Each plot shows

   the total tubers from 6 plants. Every plot had no disease. See page 237.

Fig.XIX. Effect of foliar thiamine spray on the growth in thickness of sweet potato tubers. Field experi-

   ment at Ina in 1952. Photo 60 days after planting. C: control. B: B, spray. Thiamine solution was
   sprayed on the Ieaves 6 times in all. Other procedures see Textfig.9 (p.211),

Fig.XX. Effect of foliar thiamine spray on the growth of kidney bean roots. Sand culture experiment at
   Ina in 1951. A: control. B:Bi spray. Va'riety: Burpee's Stringless Green Pods. Two cc of 1 ppm thia-

   mine solution per plant was sprayed on the leaves 6 times during a 30 day period. The seeds were sown

   on September 7 and investigation was carrled out on October 15. Sce pag'e 217.

Fig.XXI. Relation between fertilizer elements applied moderately and thiarnine for the growth of sweet

   potato roots. Photo 15 days after planting. Each plot of this photograph shows the roots from 8 plants.

   Other explanations see Table 33 Cp.234).

Fig.XXII. Relation between fertilizer elements applied moderately and thiamine for the formation of sweet

   potato tubers. Photo 49 days after planting. The remarks in this photograph are tlte same as in Table

   31 (p.232).
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