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WILDE {1964) was the first to report that allyl alcohol increased the growth
of tree seedlings. Further studies by Cuanc and CHUNG (1969) showed that in
an experiment made at the College of Education, Seoul National University, silt
Joam soils, which are treated seven times with methyl and ethyl alcohol at rates
ranging from 0.5cc to 2.5cc per pot, definitely increased the growth rate of
radish and cabbage seedlings germinated from sterilized seeds. However, it was
not until alcohol was used that the effect was seen throughout the entire grow-
ing season of plants were noted.

This paper describes the effects of methyl, ethyl, and buthyl alcohol on the
growth, production, nodulation, and root development in a green-house of Obihiro
Zootechnical University in Obihiro.

Experimental Methods

Green-house Experiments
Volcanic ash soils from the Attached Farm of the Obihiro Zootechnical
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296 Hisatomo OOHARA ¢t al.

University were filled in plastic Wagner pots and were used in green-house
experiments. A basal application of fertilizer which supplied the equivalent of
4kg of N, 12kg of P, 10kg of K and 2kg of Ca (HPO,)H,O per are was
made at sowing, and soil moisture was maintained during the experiment, be-
tween field capacity and 50% available moisture. Inoculative plots of alfalfa (Du
Puits) were inoculated with a suitable strain of rhizobium after sowing.

Methyl, ethyl, and buthyl alcohols were applied factorially to alfalfa, 7 days
after germinating and to orchard grass (Colby’s), 10 days after transplanting.
The levels employed were 0, 0.1, 0.15, 0.2, 0.25, 0.5, 1.25, 2.5, 5.0, 7.5, 10, and
12.5 liter of methyl, ethyl, and buthyl alcohol per are but the plots of orchard
grass were applied to 0, 0.25, 2.5 and 5.0 liters. The treatments were carried
out at intervals of 7 or 10 days.

The experiment was run in a green-house mamtamed between 18°C and 28°C
from November 13, 1970 until February 13, 1971. Al the plots were harvested
twice and the plant tops and roots were dried at 60°C and ground in a stainless
steel mill for chemical analyses.

Chemiceal Analyses
The determination of total nitrogen was carried out by the micro Kjeldahl
method and the amount of crude protein was calculated by multiplying N by
6.25. Crude fat was estimated by the usual method. Chemical analyses of lignin
and cellulose were determinded by the methods of CrRaAMPTON et al. {1938), with
other analyses following procedures recommended by the Association of Official
Agricultural Chemists in Japan.

Results and Discussion

1. Growth-promoting Effects

In the first week, non-alcohol-treated alfalfa and orchard grass grew up
slowly. During this period no differences were evident between the treated and
non-treated, nor were there any morphological signs which were observed
previously in alfalfa and orchard grass grown on the Attached Farm of Obihiro
Zootechnical University.

The promoting effects developed in all treated plots of alfalfa and orchard .
grass where alcohol was applied for more than three times. TIigure 1 shows the
effect of aleohol on the height of alfalfa after 51 days of treatment.

Growth-promoting effects of each treatment of the alfalfa plot during 28
days after the first cutting were given in Fig. 2. The plant height of alfalfa in
the first harvest (Fig. 1) was lower than in the second harvest (Fig. 2}

Effects of alcohol on the growth of orchard grass in- the first and second
harvest were as shown in Figs. 3 and 4 respectively.

As shown in Figs. 1, 2, 3 and 4, the plant height of alcohol-treated alfalfa
and orchard grass was higher than that of control which was non-alcohol-treated.
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Fig. 1.

CHyCH,0H
004

5.0 2,50 1425 ©.50 0.25 0.20 0.15 0.10

Concentration applied alcohol ( 1/a )

Effects of methyl, ethyl and buthyl alcohol on the growth
of alfalfa ativarious}levels after 51 days of treatment
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Ethyl alcohol Methyl alcohol

Buthyl alcohol

5.0 2.5 0225 0409

Concentration applied alcohol ( 1/a )

Fig. 3. Effects of methyl, ethyl and buthyl alcohol on the growth
of orchard grass at various levels in the first harvest
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Buthyl Ethyl Methyl

Control
alcohol alcohol alcohol

Fig. 4. Effects of methyl, ethyl and buthyl alcohol on the growth
of orchard grass at various levels in the second harvest
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The estimates of the plant height in each treatment of the  plots are shown in
Tables 1 and 2. The differences between each treatment and control were highly
significant at more than 0.01 levels, Comparing the plant height among the
treatments of each plot, there were no significant differences but the treatments
of 7.50, 10.00 and 12.50 liter per are of buthyl alcohol were depressed. As
indicated in Table 2, the plant height of alcohol-treated orchard grass in the
second harvest were lower than that of control or the same. However, the
treatments of 0.25 liter per are of methyl, ethyl and buthyl alecohols were higher
than in the control. '

Table 1. Plant height of alfalfa in the first and second
harvest {cm, average)

The- first harvest

opied sooter eyl gekel Mol Byl Bl

(1fa)

0.00 : 24,0

0.10 29.9 3.2 325
0.15 32.8 33.8 32.9
0.20 : 33.3 40.2 32.0
025 . 28.5 32.4 325 29.8
0.50 27.8 33.9 366 20.7
125 34.4 33.2 33.1 340
2.50 333 345 318 30.1
5.00 32.9 33.8 317 30.7
7.50 32.6 33.2 308 29.9
10.00 314 33.4 ' 319 235
1250 34.3 32.8 348 196

The second harvest

0.00 27.0

0.10 404 40.0 35.7
015 397 38.2 37.4
0.20 38.9 393 35.0
0.25 345 374 442 34.0
0.50 30.7 40.2 39.0 " 365
1.25 37.6 412 40.4 350
2.50 38.2 41.0 37.6 .37
500 36.0 6.0 402 36.2
750 9.5 3.7 33.8 36.3
10.00 33.2 357 350 32.0
12.50 30.0 39.6 31.6 245
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Table 2. Plant height of orchard grass in the first and
second harvest (cm, average)

The first harvest

Concentration
applied aleohol Methyl aleohol Ethyl alcohol Buthyl alcohol
{1/a) '
0.00 - 53.7
3.25 60.0 57.8 74.4
250 784 61.2 61.3

5.00 67.6 574 48,2

The second harvest

0.00 ' 438

0.25 57.0 49.0 45.5
2.50 ' 44.0 37.6 417
5.00 42.3 33.0 40.3

A

Comparing the color of the leaves between the treatments of alcohol and
control, the former had a yellowish-green color and the latter had a blue-green
color. '

In the case of orchard grass, treatment with 2.50 and 5.00 liter per are of
methyl alcohol and 0.25 and 2.50 liter per are of buthyl alcohol brought about
earing but no effects of the treatment with ethyl alcohol was observed. The
results observed in those treatments suggest that methyl and buthyl alcohols
promote earing and flowering of grasses. The flower promoting effect in the
plot of alfalfa could not observed in this experiment (Figs. 1, 2, 3 and 4).

Analyses of chlorophyll, carotene, organic carbon and total N in comparative
studies between alcohol treatment and non-alcohol treatment are carried out in
the next paper.

2. Production-promoting Effects

Figure 5 is a diagram of green yields in the first and second cutting ob-
tained from this experiment. The relationship appears a curve and shows a marked
increase in low concentration applied methyl, ethyl and buthyl alcohol. As an -
indication of the difference between this relationship for different concentrations,
each plateau of the curves of the green weights may be distinguished from the
available data (Fig. 5).

As shown in Fig. 5, the green yields of the inoculative treatments of methyl
alcohol of alfalfa were higher than those of the uninoculative treatments. There
was a highly significant relationship between these two treatments. The results
suggest that the yields in plots of alfalfa were affected by rhizobium inoculation.
Moreover, those of the uninoculative treatments of methyl alcohol were higher
than those of the control uninoculated and non-alcohol-treated plots. Therefore,
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Fig. 5. Green yields of alfalfa alcohol-treated in the
first and second cutting

it may be stated that alcohol promotes the growth of alfalfa and rhizobium.

The green yields of the inoculative treatments of methyl and ethyl alcohol
were significantly increased as compared with the uninoculative treatments of
methyl alcohol and the inoculative treatment of buthyl alcohol.

Generally speaking, as the concentration of alcohol rises to 0.25 liter per
are, the green yield increases remarkably and shows a maximum value at 0.25
liter per are. The green vyields of the inoculative treatments from 0.1 to 10.0
liter per are of methyl and ethyl alcohol showed values more than twice of those
of the control in the first harvest and more than one and a halffold in the
second harvest. The highest yield of all the treatments were three fold of the
control in the first harvest and two fold in the second harvest. The yields of all
treatments except for 10.0 and 12.5 liter per are of buthyl alcohol were higher
than those of the control and showed a highly significant difference at 0.01 level
and over.

The water content and dry weight of the green yield of alfalfa were given
in Table 3 and Fig. 6 respectively.

The water content of alfalfa in all alcohol treatments was higher than that
in the control in the first and second cutting. According to the result of “t”
test, the water content showed a significant difference between the alcohol-treat-
ed plots and the control. :

— 107 —



304 Hisatomo OOHARA ef al.

Table 3. The water content of the green yield of alfalfa
The first harvest

Concentration Methyl alcohol . Methyl Ethyl Buthyl

applied alcohol {uninoculated) alecohal alcohol alcohol
(1/a) (%) (%) (%) (%)
0.00 75.8 '
0.10 : 81.4 79.3 817
0.15 828 8Ll 80.2
0.20 82.2 8.6 786
0.25 790 823 g2 77.4
0.50 76.4 81.0 84.2 83.9
1.25 ‘ g5 81.4 839 783
250 826 .. 82.6 825 800
5.00 2.4 74.1 79.1 80.4
7.50 814 774 32.4 79.2
10.00 81.3 775 81.4 80.9
4 1250 793 89.7 805 80.4

The second harvest

0.00 7Ll
0.10 773 74.7 721
0.15 79.2 76.2 737
0.20 74.8 75.4 73.2
0.25 75.5 7.5 730 73.3
0.50 763 - 76.2 753 76.8
1.25 76.4 75.3 8.2 76.9
2.50 78.9 78.8 78.0 754
5.00 79.1 819 8L.1 78.7
7.50 5.4 71.6 75.3 78.9
10.00 . 78.1 ‘ 77.4 73.9 78.5
12.50 74.2 7.3 733 8.7

" The effect of methyl, ethyl and buthyl alcohol on the dry matter yield of
alfalfa in the first cutting (Fig. 6) was highly significant. An application of 0.15
to 5.00 liter per are of methyl and ethyl alcohol in the inoculative treatments
increased the yield by 50% and over, while the 0.15 to 1.25 liter per are in-
creased the yield by 100% and over respectively. Where rhizobium was not
inoculated, methyl alcohol from 0.25 to 5.0 liter per are promoted the yield by
30% and over. An application of 0.15 to 5.00 liter per are of buthyl alcohol
increased the yield by 40% and over but 10.00 and 12.50 liter per are depressed
alfalfa yield by less than 10%. In the second cutting, the effect of alcohol on
the dry matter yield showed the same tendency as in the first cutting. The
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Fig. 7. The green and dry matter yields of alcohol-treated
orchard grass in the first and second cutting

— 109 —

305



306 : Hisatomo QOHARA ¢t al.

total alfalfa yield was calculated by the total of the first and second harvests.
Therefore, the promoting effect of alcohol on the total yield of alfalfa also showed
the same tendency as in the first and second cuttiug (Fig. 6). It is certain that
one part of the amount of an increase according to the promoting effect on the
green yield is water which alfalfa contains and other part is dry matter of alfalfa.
Thus, the effect of alcohol on some chemical compositions in the two experimen-
tal plants was discussed in the next paper.

The yield of orchard grass was affected by methyl, ethyl and buthyl alcohol
likewise, The data of ‘green and dry matter yields of alcohol-treated orchard
grass in the first and second cutting are indicated in Fig. 7.

In the first cutting;, an application of 0.25 to 5.00 liter per are of methyl
and ethyl alcohol increased the green yield of orchard grass by more than 40%,
while 2.50 liter per are of methyl, 5.00 liter per are of ethyl and 0.05 liter per
are of buthyl alcohol increased the sreen yield by 80% and over respectively.
However, 2.5 and 5.0 liter per are of buthyl alcohol depressed orchard grass yield
as compared with the control (Fig. 7).

Dry nratter yields of alcohol-treated orchard grass were also increased by
more than 20%. An application of 2.5 liter per are of methyl, 5.0 liter per are
of ethyl and 0.25 liter per are of buthyl alcohol promoted dry matter yields of
orchard grass by more than 50% respectively.

Table 4 is a summary of the water content of alcohol-treated orchard grass.
As shown in Table 4, the water content of all the treatments with methyl, ethyl
and buthyl alcohol were higher than those of the controls.

The above results show that alcohol treated in the plot of orchard grass
promotes absorption of water and "dry matter yield respectively.

Table 4. The water content of the green yield of orchard grass

The first harvest

a%%rﬁ%ilngigﬁgl Methyl alcohol Ethyl alcohol Buthyl alcohol
(1/2) ' (%) (%) (%)
0.00 79.12
0.25 82.51 82.35 78.58
2.50 81.30 82,50 76.69
500 8205 8238 80.38

The second harvest

000 75.13

0.25 75.92 _ 76.02 77.57
2.50 78.08 75.67 79.54
500 7629 7277 76.78
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In the second cutting, the green

and dry matter vield of alcohol- or

treated orchard grass was far less ' ’;/ :glgg:;fza
than that of the control. This result 3 “r ' '
suggests that in much the same 3

manper as in the non-application of < %

nitrogen fertilizer after the first cut- g,

ting, the yield of orchard grass in the & 20}

second cutting did not inecrease. &

Moreover, it is clear that in order 0k

to increase the green and dry matter .

vield of a plant, the application of o TR n n e

alcohol and nitrogen must be con-
troled. ‘

The range of concentration of
alcohol which promotes the growth

Root weight (kg/a)

TFig. 8. Relationship between top and root
weight of alcohol-treated alfalfa

and production.of plants is in agree-
ment with the results of CHANG and 61
CHUNG (1969).
50F
g
3. Effects of alcohol on 0l
the root -

The -dry matter yields of roots, Ear .
shown in Figs. 6, 8, and 9, generally £ y 02X 2257
increased with top weights. Thetop gz
weight of alfalfa and orchard grass
in the first and second cutting were ok
correlated very highly and positively
(r=0.65 and r=0.76) with the root . ' . ‘ ,

. _ o I T S R
weight. Root weight  (kg/a)

However, the ratio of top weight . .

he f d d . d Fig. 9. Relationship between top and
of the first and second cutting, an root weight of alcohol-treated
root weight of alcohol-treated alfalfa orchard grass
and orchard grass was higher than
that of the control respectively (Tables 5 and 6).

As indicated in Table 6, the higher the dry matier yield of top of alcohol-
treated orchard grass, the higher the ratio of top and root weight is. This
result seems to indicate that the top growth of a plant is affected principally by
the application of alcohol. However, the alcohol treatment at the high level of

root weight has a higher vield than the alcohol treatment at low level (Figs. 8
and 9).
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" Table 5. The ratio of top weight in the first and second cutting,
and root weight of alcohol-treated alfalfa

arptied aconol  Nethwlelohl Moyl Bl Bubsl
{1/a}
0.00 - 118 :
0.10 192 165 184
0.15 215 171 1.60
0.20 169 181 1.19
0.25 147 2.04 219 132
0.50 177 2.08 164 242
1.25 1.43 195 2.55 1.30
2.50 2.29 213 223 155
500 2.96 3.28 3.06 1.99
750 156 118 1.74 221
©10.00 2.04 2.29 196 2.95
| 1250 1.76 114 295 375

Table 6. The ratio of top weight in the first and second cutting,
and root weight of alcohol-treated orchard grass

Concentfation )
applied alcohal Methyl alcohol Ethy! alcohol Buthyl alcohol
L/a)
0.00 0.66
0.25 0.56 0.52 (.86
2.50 110 0.62 0.73
5,00 13z 0.95 0.72

4, Effects of alcohol on nodulation

The effects of the various treatments of alcohol on the nodulation of alfalfa
were highly significant. The mean nodule scores and weight are shown in
Table 7.

Two types of nodules were observed namely, pink nodules and white ones.
It was thought that the small white nodules were formed by wild rhizobium.
Alfalfa from the uninocculated treatments of methyl alcohol had small nodules
on the low parts of root only but the inoculated treatments of methyl, ethyl and
buthyl alcohol showed nodules on the upper and low parts of the root respec-
tively. Only healthy nodules were scored.

The nodule scores of the uninoculated treatments of methyl alcohol were
higher than those of the uninoculated control and non-aleohol-treated. This
suggests that an application of alcohol promotes the nodule scores and increases
the forage production significantly. '
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Table 7. Mean nodule scores and weight of aleohol-treated alfalfa

Concentration Methyl alcohol - Methyl Ethyl Buthyl
applied alcohol {uninaculated) aleohol alcohol alcohol
(1/a) (g/pot) (gfpot) (g/pot) {g/pot)
0.00 0.028
- 1en
0.15 0.234 0.206 0.209
{960) (362) (181)
0.50 0.082 0.221 0.210 0.326
(161) (450) (170} {450)
5.00 0.081 0.188 0.177 0.163
(154) (440) (194) (280)
10.00 0.147 0.463 0.436 0.177
(181) (275) (375) (4

*# (); Mean nodule scores per pot

Summary

The effectscof methyl, ethyl and buthyl alcohol on the growth and yield of
alfalfa and orchard grass were investigated. The experimental results are sum-
marized as follows.

1. The plant height of alcohol-treated alfalfa and orchard grass was higher
than that of the uninoculated control and non-alcohol-treated. There was no
significant -difference among the alcohol treatments.

2, Comparing the color of leaves of plants between the alcohol treatments
and control, the former had a yellow-green color and the latter had a blue-
green color.

3. In the first and second cutting, application of 0.15 to 1.25 liter per are
of methyl and ethyl alcohol increased the yield of alfalfa by about 100% as
compared with that of control, while 0.10 to 5.00 liter per are of buthyl alcohol
increased the yield by about 50%. However, application of 7.50, 10.00 and 12.50
liter per are of buthyl aleohol decreased the yield.

4. In the case of orchard grass, administration of 2.5 liter per are of
methyl aleohol, 5.0 liter per are of ethyl alcohol and 0.25 liter per are of buthyl
alcohol promoted yields by more than 50% respectively.

5. Treatment with 2.50 and 5.00 liter per are of methyl alcohol and 0.25
and 2.50 liter per are of buthyl alcohol in a plot of orchard grass brought about
caring but no effects of the treatment with ethyl aleohol was observed.

6. The ratio of top weight of the first and second cutting, and root weight
of alcohol-treated alfalfa and orchard grass was higher than that of control.

7. Application of alcohol in an alfalfa plot promoted both the nodule scores
and weight.
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