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Introduction.

In the first paper of this series (OoHARA et al. 1971) it was reported that
the application of methyl, ethyl and buthyl aleohol significantly increased the
growth and production of alfalfa, while concentrations of 0.15 to 1.25 liter per
are of methyl and ethyl alcohol promoted their yields by about 100%, and
application of 2.5 liter per are of methyl alcohol, 5.00 liter per are of ethyl
alcohol and 0.25 liter per are of buthyl alcohol increased yields of orchard
grass by more 50%, as compared with the control non-alcohol-treated plots.
The authors are of the opinion that utilization of alcohol for the increased
production of various forage crops is not only possible but is also a reliable
method.

In this investigation, all the alcohol-treated samples and non-aleohol-treated
samples were analysed for crude protein, crude fat, cellulose, lignin, other
carbohydrates, crude ash, chlorophyll, carotenoid, organic carbon, nitrogen, phos-
phorus, potassium, calcium, magnesium, sodium, manganese, iron, zinc, copper,
cobalt, and nickel. The chemical compositions in alfalfa and orchardgrass
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The Promoting Effect and Utilization of -Alcohol on Legume and Grass Forage Plants 473

grown in each alcohol treatmeént were compared against each other. Thus
significant effects of alecohol on the levels of the chemical compositions were
summarized and are recorded in this paper.

Materials and Method

Each sample of alfalfa (Du Puits) and orchardgrass {(Mass Hardy) which
were examined in the previous investigation (QoHARA et al. 1971) were ground
in a mill and used for the determination of crude protein, crude fat, cellulose,
Jignin, other carbohydrates, crude ash, chlorophyll, carotenoid, organic carbon,
total nitrogen, phosphorus, potassium, calcium, magnesium, sodium, manganese,
iron, zine, copper, cobalt and nickel.

Total nitrogen was determined by the micro-Kjeldahl method and the
amount of crude protein was calculated by multiplying nitrogen by 6.256. Crude
fat and ash were estimated by the usual methods. Chemical analyses of cel-
lulose, lignin and other carbohydrates were carried out by the methods of
GraMpTON & al. (1938). The contents of chlorophyll and carotenoid were
determined by spectrophotometry. Phosphorus was analysed by the molybdenum
blue method. Potassium and sodium were determined by flame photometry, and
calcium, magnesium, manganese, iron, zinc, copper, cobalt and nickel by atomic
absorption spectrophotometry.

The Properties of Soils )

Volcanic ash soils from the Attached Farm of Ohihiro Zootechnical Uni-
versity were used in the green-house experiments. These soils were air-dried,
sieved through a stainless steel 2mm mesh, and used for chemical analyses.
The results for total organic matter, N, P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu, Co
and Ni were respectively 9.62%, 0.38%, 0.110%, 0.24%, 0.470%, 0.147%, 0.63.
%, 148.0 ppm, 46 ppm, 28.0 ppm, 4.8 ppm, 3.0 ppm and 50.3 ppm, while values
of scil pH, available P, exchangable K, Ca, Mg and Na were 5.91, 0.282 ppm,
133.3 ppm, 14.0 ppm, 26.7 ppm and 50.3 ppm. ‘

A basic application of fertilizers which were supplied were 4kg N, 16kg
P, 10kg K and 2kg Ca{ll,PQ,,H,O per ten are at sowing and soil moisture
was maintained throughout the experiment, between field capacity and 50%
available moisture.

Results and Discussion

Results of the trials are reported and discussed in sections dealing with the
effects of alcohol, changes caused by cuiting stages, differences of chemical
compositions due to grass species and relationship between tops and roots: on
crude protein, crude fat, cellulose, lignin and other carbohydrates of alfalfa and
orchardgrass; on chlorophyll and carotenoid; on organic C, total N, C/N, P,
C/P, K, Ca, Mg and Na; and on the contents of Fe, Mn, Zn, Cu, Co and Ni
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474 T . . Hisatomo OOHARA et al.

1. -Crude Protein, Crude Fat, Cellulose, Lignin and Other Carbohydraies

Results dre given in Table 1. For alfalfa and orchardgrass, Table 2 indi-
cates significant difference between alcohol treatments-and control by “t” test.

Table 1. Crude protein, crude fat, cellulose, lignin, other carbohydrates
and crude ash compositions of alfalfa and orchardgrass tops,
and roots non-alcohol-treated and alcohol-treated

Other

Plop | Aloohol Cuwing| R ORI (L Liwin cambo R

% % % % % %

Lst 1795 403 1905 614 4657 626

Control 2nd 1408 508 1897 615 4428 1149

' Root 949 230 1838 1139 5022 822

1st 1767 351 2002 639 3677 1564

Methy! alcoho! | 2nd 14.75 5.11 21.99 6.10 37.12 14.93
| (u'ninocu]ate g | Root 1048 256 1068 1053 4461 1178

1st 1910 338 2048 632 - 3590 1482

Alfalfa | ‘Methyl alcohol | 2nd 1465 680 2088 582 4110 1075
Root 995 263 1870 1124 4735 1013

, 1st 1864 422 2230 632 - 3608 1244

Ethy] alcohol | 2nd 1408 493 2108 602 4201  1L&8

Root 1022 209 1946 1028 4684 1111

1st 1766 306 1079 613 3683 1653

Buthyl alcohol | 2nd 1660 481 2368 669 3739 1083

Root 951 191 © 17.71 979 5141 9.67

1st 2062 659 2556 701 2627 1399

"Control 2nd 983 AT9 2532 668 4136 1202

Root 470 179 2632 1204 2472 3048

1st 1733 395 2646 642 3221 1383

Methy! aleohol | 2nd 820 466 2786 574 3884 1461

Orchard- | Root 440 103 2232 1171 3636 24.17
grass 1st 1608 505 2580 677 3197 1424
Ethyl alcohol | 2Znd 782 477 2585 609 4065 1382

Root 364 070 2105 1244 3896  23.21

Lst 1720 416 2497 607 3587  1il.64

Buthyl alcohol | 2nd 797 443 2573 652 4213 1322

Raot 430 0.62 2208 -13.64 3403 2533

Remarks; Percentage on a dry. weight basis.
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e Table 2. Significant levels of some organic compositions of alfalfa and
‘ orchardgrass alcohol-treated as compared with control

Alfaifa ’ Ozchardgrass

{ Chemical Catting I\{[etﬂy% Methyl hyl Buthyl | Methyl Ethyl Buthyl
T : alcoho ethyl Ethy uthy ethy thyl Buthy
composition | times (umnocu )alcohol aleohol alcohol | alcohol alecohol alcohoel

lated
- * % 3 — ok * K ok * %k
1st (-0.28)  (L15)  {0.29) (~0.29) | (-3.49) (—454) (=3.33)
. = * — * % * % ok ® &
Crude protein | 2nd (067 (057 (000) (2562 | (-1.54) (=201 (-L86)
Root 099) 046 (073 (002 | (—0.30) (—1.06) (~0.40)

- * — L * e ok &k
Lt | (~052) (—0.65) (019 (—0.97) | (—268 (—174 (—2.4%
Crude fat 2nd 008 (78 (=010) (-023 | (—013) (002 (~0.36)
Root | (0.26) 033 (=021) (—0.3% | (=076 (—1.0%) (—L.17

"3 * #® & * %k * * - -
£ 1st 097 (143 325 (074 | (090) (0.33) (—0.59)
£ | Cellalose nd G0z adh @I A @50 ©29) (04D
I * - * S ok Ead ohdkk
5 Root | (1L30) (032  (108) (-0.67) | (~4.00) (-5.27) (-4.24)
c

5 f 1st 025 (018  (018) (~001) | (-058) (-024 (0.94)
| Lignin 2ud | (0. 05)- (~033) (~013) (050 | (—09d) ([059) (©78)
E Root | {—0.86) (=018) (=LI1) (L60) | (—0.33) (040} ©(L60)

Heook g % kg B ko ok % # &k

ok : )
: 1st (—9.80) (—10.67) (—10. 49) (—074) | (594 (670) (9.60)
Other ok & * % : ok o - - _
carbohvdrate | 2nd | (=716 (-318) (=2 27) (—6.89) | (—252) (071 (0.77)
¥y * ok K ) * * CokwE T kmx Aok
Root | (—b6l) (~287 (338 (119) | (L6 (1450 @51
ok ok * T — —

1st ©38) (856 (618 (1027) | (016 ©5) (2 38)

o - *
Crude ash | 2nd (344 (—074)  (039) (0. 66) 250)  (L80) (1.20)
* T T : wkw ke * ok R
Root | (356  (191)  (289)  (125) | (=690 (153 (—5.10)

Remarks; { ) Mean difference between alcohol-treatment and control

— Not significant * Significant at P=0.05
_ ®* Significant at P=0.01 - *** Significant at P=0.001.

As compared with non-alcohol-treated -control, each alcohol treatment of
alfalfa in the Ist and 2nd cutting did not differ significantly in its crude protein
and fat contents, except for methyl alcohol treatment. Lignin contents at each
cutting time indicated no significant differences. In the 1st cutting, the increase
of crude ash in each alcohol treatment showed a higher significance but in the
2nd cutting, no increase was seen, while the cellulose content increased signi-
ficantly and other carbohydrate decreased (Tables 1 and 2).

Generally speaking, all alcohol treatments of allalfa gave higher values in
cellulose and crude ash contents and in contrast, lower values in other car-
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bohydrates than the non-alcohol-treated control. These showed highly significant
differences at 5 or 1% levels. This result can be described as a slight effect of
alcohol as a carbon source. This may be the result of an equilibrium between
organic C and N due to the promoting effect of nodule score and weight as
found by the authors (1971).

~_As shown in Tables 1 and 2, crude protein contents of orchardgrass in
each alcohol treatment at the 1st and 2nd cutting were lower than control, while
crude fat at the lst cutting and roots decreased significantly. Cellulose and
crude ash in the root alone decreased significantly at a 0.1% level, but lignin
in the buthyl alcohol treatment increased significantly at a 5% level. Other
carbohydrates at the 1st cutting and root increased significantly at a 0.1% level
(Tables 1 and 2).

In general, the crude protein content of orchardgrass in the alcohol treat-
ments decreased and other carbohydrates increased. The differences between
alcohol treatment and control were highly significant at a 1% Jlevel. However,
other chemical compositions such as crude fat, cellulose, lignin and crude ash
showed no significant differences. This result suggests that alcohol is one of
the carbon sources.

As a result of this experiment the authors are of the opinion that the
response of alfalfa and orchardgrass to applied alcohol can be utilized to in-
crease the yield of nutritions livestock feed and that alcohol may be utilized as
a new fertilizer.

The content of crude protein and fat of alfalfa tops were higher than those
of roots. The differences were highly significant at a 1% level. Cellulose and
crude ash of roots were significantly lowered as compared with the tops. How-
ever, lignin and other carbohydrate of roots were higher than those of tops and
there were highly significant differences at a 1% level. The differences between
chemical compositions of orchardgrass tops and roots showed the same tendency
as alfalfa, but the crude ash contents of orchardgrass roots were approximately
twice as high as in the tops, while other carbohydrates showed no significant
difference. In this experiment, the relationship between chemical compositions
of tops and roots showed no significant changes.

A comparison’ of the chemical compositions between alfalfa and orchard-
grass showed that although crude fat, lignin, other carhohydrates and crude ash
were similar. The crude protein content of alfalfa and cellulose of orchard-
grass were higher than orchardgrass and alfalfa with a significant difference
at a 5% level respectively.

Crude protein contents of alfalfa and orchardgrass were hlgher at the 1st
cutting stage of growth and decreased at the 2nd cutting (Table 1). However,
other carbohydrate contents were increased in a manner opposite to that of
erude protein. The changes of nutrient contents of orchardgrass according to
cutting stage were greater than those of alfalfa.
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2. Chlorephyll and Carotenoid

The parts per thousand content of chlorophyll and carotencid of alfalfa and
orchardgrass tops non-alcohol-treated and alcohol-treated were given in Table 3.
In each cutting, Table 4 indicated significant levels by the “t” test.

Chlorophyll-a content of alfalfa at the lst and 2nd cutting showed that
each alcohol caused a decrease in content while ethyl alcohol did not show
a significant difference. In contrast, alcohol caused-a rise in chlorophyll-b con-
tents, which did not always reach significant values, and also it was noted that
contents higher than control did not differ significantly at the lst cutting. Each
alcohol gave an increase in content of carotenoid of alfalfa at the Ist and 2nd

cutting. The differences between cach alcohol treatment and control were highly
significant at a 1% level (Table 4).

In general, chlorophyll-a content of alfalfa were decreased by the effect of
alcohol while carotenoid content increased. Therefore, chlorophyll-a to chloro-

Table 3. Chlorophyll and carotenoid contents of alfalfa and orchardgrass
tops non-alcohol-treated and alcohol-treated

Plot Alcohal- Cutting Chlorophyll Carotenoid
treatment times a (%o} b (%0) a/b (%a)
1st : 2.98 2.28 1.31 0.350
Control
2nd 3.00 201 1.49 0.374
Methyl alcohol | Lt 245 2.47 0.99 0.405
. 2nd 2792 2.69 1.01 0.490
{uninoculated)
1st 2.63 2.39 1.10 0.374
Alfalfa Methyl alcohol
2nd 277 2.36 1.17 (0.445
1st 291 2,52 1.16 0.414
Ethyl alcohol
2nd 2,96 230 1.29 0.480
1st 240 - 2.33 1.03 0.400
Buthyl alcohol
Z2nd 2.69 232 1.16 0.493
Ist 3.85 333 116 0.576
Control
2nd 297 2.28 1.30 0.561
1st 3.02 3.13 0.97 0.429
Methyl aleohol |, 4 256 212 121 0.381
Orchard- bl . . . .3
grass 1st 3.02 3.03 1.00 0.432
Ethyl alcohol
2nd 1.72 1.24 1.39 0.409
1st 3.06 3.00 1.02 0.393
Buthyl alcohol ¢
2nd 2.00 1.52 1.32 0.367

Remarks; Parts per thousand on a dry weight basis.
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phyll-b ratio (Table 3) of alfalfa in each alcohol treatment was lower than that
of control. It is clear from the data in Table 3 and 4 that the yellow green
color of alfalfa aleohol-treated (OoBARA e al. 1971) is caused by the effect of
the decreased chlorophyll-a and increased carotenoid and that each alcohol is
also one of the carbon sources.

The data presented in Table 3 give the best estimate of chlorophyll and
carotenoid of orchardgrass and the effect of alcohol. The content of chloro-
phyll and carotenoid in the aleohol treatment was lower than in the control and
significant differences were very high at a 1% level. Therefore, it can be said
that the value of chlorophyll-a to chlorophyll-b ratio between alcohol treat-
ments and control showed no significant difference. The effects of each alcohol
on the contents of chlorophyll and carotenoid of orchardgrass were similar to
those in alfalfa.

In the present trial, a significant difference of chlorophyll and carotenoid
content between legume and grass was not found. Chlorophyll-a and carotenoid
of alfalfa at the 2nd cutting appreciably increased in their contents as compared
with the 1st cutting but there was no significant difference in the case of chlo-
rophyll-b content. As regards orchardgrass, chlorophyll and carotenoid at the
2nd cutting decreased significantly in content (Table 3). . This may be attributed
to nutrient deficiency in the pot soil due to the uptake and utilization of the
plant at the Ist cutting stage. :

Table 4. Significant levels of chlorophyll and carotenoid content in alfalfa
and orchardgrass alcohol-treated as compared with control

Alfalfa Orchardgrass
Chloz’g«zphyll Cutting | Methyl
. times | aleohol Methyl Ethyl Buthyl | Methyl Ethyl Buthyl
carotenoid (uninoc-) alcohel alcohol aleohol | aleohol alechol alechol
ulatéd i
Elkd &k - * & ko EX 34 L xS
st {(—0.53) (—0.35) (—=0.07) {—0.58) | (—0.83) (—083) (-0.79)
3 * - * ok Ed ER X ok
~ | Chlorophyll-a | 2nd (—0.28) (—0.2%) (—0.04) (—031) | (—0.41) (=1.25) (—0.97)
& * sk - * % 4 o ok ok ok * ok
$ Total | (—0.81) (—0.58) (—011) (—0.8%) | (—1.24) (—2.08) (-1.76)
'_'c'_» * — * — * * ook ok
5 1st 0.19) (011 024 (005 | (—-0.20) (=0.30) (—0.23)
= e * * * % — % 3k %k
s | Chlorophyll-b | 2nd 068) (035 (029) (031) | (-016) (-004) (=0.76)
g . %k ¥ & * * * * EE
g Total ©87)  (046) (0530 (036 | (=0.36) (—0.34) {—1.09)
g #* K * ok ck & & ok ok ok EXE Y
= 1st {0055 (0.024) (00648 (0.080) | (—0.147) (—0.144) (—0.183)
(3 . ok & ok L o ko L ¥k ok E 3
Carotenoid 2nd (0.116) (0.071) (0.106} (0.119) | (0180} (—0.152) (—0.194}
¥k &k dok ok * kK #® Kk k o Fowok
Total | (0.171) (0.095) (0.170) (0.169) | (—0.317) (—0.206) {(—0.277)

Remarks; { ) Mean difference between alcohol-treatment and control
— Not significant * Significant at P=0.05
** Significant at P=0.01 k% Significant at P=0.001.
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3. Major Elements

The levels of organic C, total N, C/N ratio, P, C/P ratio, K, (fa, Mg and
Na in samples of alfalfa and orchardgrass at each cutting and for roots were
shown in Tables 5 and 7. The data shown in the tables were analysed for
statistical significances by “t” test to compare the results of alcohol treatment

Table 5. Organic C, total N, C/N ratio, P and C/P ratio levels
of alfalfa and orchardgrass tops, and roots non-alcohol-
treated and alcohol-treated

Plot Alcohol- | Cutting | Organic  Total oy P C/P

treatment time . K

Yo % ratio % ratio

1st 47.68 2.87 16.58 0.188 253.3

Contro! 2nd 51.46 2.25 22.92 0.147 350.1

Root 53.24 154 35.14 0.126 423.6

Ist 49,09 2.82 17.40 0.235 209.0

Methy! alcohol | 5 g 4966 236 2000 0182 2719

. . Root 51.29 173 29,61 0.172 298.0
(uninoculated)

} 1st 49.52 3.04 16.27 0.475 104.2

Alfalfa Methyl alcohol 2nd 51.83 2.34 22.22 0.184 2827

Root b2.24 1.59 32.90 0.144 362.2

1st 50.890 2,88 17.65 0.244 208.9

Ethyl alcohol 2nd 51.23 2.69 19.04 0.172 207.7

Root 51.67 152 34.07 0.184 280.5

1st 48.52 2.91 16.69 0.199 244.2

Buthy! alecohol 2nd 5151 2.22 23.17 0.178 280.6

Root 5261 1.63 32.25 0.177 295.9

1st 50.01 3.08 15.17 0.229 218.4

Control 2nd 51.14 1.57 32.55 0.292 “175.3

Root 40.47 0.74 54.55 0.105 385.4

1st 50.09 273 18.32 0.242 207.1

Methyl alcohol 2nd 49.65 1.32 37.70 0.304 163.1

.0 . 4 . X

Orchard- Root 43.90 0.70 62.47 0.122 2604

grass Lst 50.09 257 19.46 0.235 213.3

Ethyl alcohol Znd 50.09 - 124 - 4095 0.269 185.3

Root 4291 0.55 T7.54 0.187 229.8

1st 51.12 2.74 18.64 (.243 210.6

Buthyl alcohol 2nd 50.46 1.27 39.82 0.310 162.7

Root 45,19 0.68 66.07 0.122 369.2

Remarks; Percentage on a dry weight basis.
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with that of the control the results were given in Tables 6 and 8.

A comparison of major element contents in alcohol treatments and control
showed that total N of alfalfa in alcohol treatment were not significant but
those of orchardgrass decreased with a significant difference at each cutting
stage and as for the root, while organic C content was not significant. Thus,
the levels of C/N ratio were found to be significantly high in orchardgrass and
this is considered to be the increased carbon due to the applied alcohol. Phos-
phorus in the alcohol treatment was high in content in alfalfa and orchard-
grass but their differences did not always reach significant values in the case of
orchardgrass. According to this result, it may be said that the levels of C/P
ratio decreased significantly. This means that the P compounds such as DNA,
RNA, phospholipid and various nucleotides increased significantly. The contents

Table 6. Significant levels of organic C, total N, C/N ratio, P and
C/P ratio levels of alfalfa and orchardgrass tops and
roots non-alcohol-treated and alcohol-treated

Alfalfa Orchardgrass
Cutting| Methyl
Elements times alcohel Methyl Ethyl  Buthyl Methyl Ethyl Buthyl
(uninoc-) alcohel alcohol alecohol alcohol alcchol alcohol
ulated
— — 3 = — - -
1st (1.51) (1.94) (3.32) (6.94) (0.08) ©08)  (L11)
Organic - -~ - — - - -
c 2nd (—1.80) ©37)  (-0.23) {0.01) (—1.49)  (-1.05) (-0.68)
Root (195)  (-100) (=L57)  (—0.73) 343 @44 @)
— * - - #* ok * sk % & ok %
1st (—0.05) ©.17) (.01} {0.04) (—0.35) (=051 (—0.34)
Total * — &K - * * ok % ¥
g N 2nd ©.11) (0.09) ©.44)  (—0.03) (—0.25)  (-0.33) (—0.30)
-~ * — - — - .
3 Root {0.19) 0.05)  (—0.02) {0.00) (—0.04) (;0.15{) {—0.06)
% - - — - £ % *
= ist 0.82) (—0.31) (L07) (0.11} (3.15) (447) (347
5] - — * — *® % * k kK
= C/N 2nd (—1.92) (—0.70)  (—3.88) (0.25) (5.15) (7.70)  (7.27)
g * & * — * * % % % o ok kK
E Root (—553) (-2.2d) (—107) (—2.8% (792) (2295 (1152
Té k% FET # k% - — - —
i 1st (00477  (0287)  (0.056)  (0.011) 0018  {0006) (0.014)
Oo * % * % * &% - * *
P 2nd ©035) (0037 (0.023) {0031 ©012) (—0.023) (0.018)
ok * s ko & K & * - Ed
Root ©.046)  (0.018) (0058  (0.051) ©017)  (0.010) (0.015)
% # kR £33 - - - -
Ist (—44.3) (14913  (—44.4)  (—0.1) (—11.83)  (-51) (-7.8)
%k k ek *H Ak — - -
c/e ond (~782) (—674) (—B24) (—60.5) (—12.2) (Lo (—0.4)
dok ok * kA £ EX 4 ® Mok ok -
Root | (—1266) (—614) (—143.1) (—127.7) (—25.0) (—165.6) (8.8)

Remarks; ( '} Mean difference between alcohol-treatment and control
— Not significant * Significant at P=0.05
** Significant at P=0.01 #ek Significant at P=0.001.
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of K, Ca and Na in the alcohol treatment were similar to that of the control
Values of Mg in the control were higher at each cutting stage and for the root
but a part of these showed no significant difference {Table 8). This decrease of
Mg is in agreement with the effect of chlorophyll

In general, there were no obvious differences of the contents of organic C,

Table 7. Contents of K, Ca, Mg and Na of alfalfa and orchardgrass
tops and roots non-alcohol-treated and alecchol-treated

Plot Alcohol-treatment g;t;ng K Ca Mg Na

%o %o % Yte

Ist 1.60 1.47 0.399 0.85

Control 2nd 1.52 1.03 0.236 0.64

Root 0.61 0.68 0.147 0.71

1st 1.55 1.32 0.388 0.78

Methyl alcohol | 54 1.69 0.98 0.211 0.58

R Root 0.73 0.63 (.149 0.67
{(uninoculated)

1st 1.58 1.20 0.317 0.65

Alfalfa Methyl alcohol 2nd 1.60 0.93 0.178 0.64

‘ Root 0.59 0.68 0.146 116

. = 1st 1.62 1.26 0.398 094

Ethyl alcohol 2nd 1.50 0.98 0.197 0.54

Raot 0.82 0.61 0.171 1.02

1st 1.63 1.18 0.365 0.65

Buthyl alcohol 2nd 1.65 0.96 0.235 0.63

Root (.81 0.60 0.175 Q.92

Ist 2.77 0.42 0.284 0.54

Control 2nd 204 0.45 0.217 0.42

Root 0.32 0.79 0.092 1.56

1st 2,37 0.42 0.209 0.21

Methyl alcahal 2nd 2.00 0.37 0.205 0.49

Orchard- . Root 0.39 0.80 0.000 1.36

grass ist 252 0.43 0.212 0.32

Ethyl alcahol Znd 1.89 0.38 0.194 0.31

Root 0.27 0.81 0.089 1.44

1st 2.55 0.40 0.238 0.51

Buthy! alcchol 2nd 1.90 0.43 0.223 0.30

Root 0.38 0.79 0.106 1.48

Remarks; Percentage and parts per thousand on a dry weight basis.
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482 - Hisatomo QOHARA et al.

Table 8. Significant levels of the contents of K, Ca, Mg and Na
of alfalfa and orchardgrass tops and roots non-alcohol-
treated and alcohol-treated

Alfalfa - Orchardgrass

Ele- Cucting | Methy!
ments | times alcohol Methyl Ethyl Buthyl Methyl Ethyl Buthyl

(uninoc-) alecohol aleohol alechol aleohol alechel alcohol
ulated

- _ - - B33 EE 3 ok

lst (—005) (=002  (002) (=007) | (—040) (=025 (—0.29)

K | 2nd ©17) (008 (002 013 | (=004 (015 (-014)

Root 013 (=002 (03 02 007)  (~005)  (0.06)

T * * - -~ _

2 1st (015)  (—027) (=021}  (—0.29) 000) (001  (=002)

;2 Ca | 2nd (—005)  (=0.10) (=0.08) (=007 | (=008 (=007} (—0.02)

§ Root (=005 (0000 (=007)  (—0.08) ©O0D (002  (0.00)

;ﬁ * ok ke — wx ok ok ok * %%

g Ist (—0.011) (=0.082) (=D.001) (=0.034) | (—0075) (=0.072) (-0.046)

5| Mg | 2nd | (-0035) (-0058) (-0039) (-0001) | (~0012) (-0033)  (0.006)

§ Root 0002) (-0001)  (0.0%4)  (0.0%0) | (~0.002) (—0.003) (0014

E3 EE ES L3 E S * ok -
1st 007 (020 (009 (033 | (<033 (033 (-0.03
Ne | ond (006 {000 (-010) (—00D) 007 (0il) (012

- EE ] * ok EE 3 ok ' %k
Root (=008 042  ©31) 02D (—020)  {012) (—0.08)

Remarks; ( ) Mean difference between alcohol-treatment and control

— Not significant * Significant at P=0.05
** Significant at P=0.01 #k% Significant at P=0001.

K, Ca and Na in alfalfa and orchardgrass in aleohol treatments as compared
with that of the control. However, alcohol significantly depressed the Mg con-
tent in alfalfa and orchardgrass, reduced N content in orchardgrass, and raised
P content in alfalfa and orchardgrass.

For the changes of major elements due to the cutting stage, total N, K, Ca,
Mg and Na were higher at the lst cutting than at 2Znd cutting. OOHARA et al.
(1963) reported that in their field experimeunts the mineral contents changed
considerably with the various conditions at the cutting stage. Organic C con-
tents in alfalfa were high at the lst cutting but the P content was low. The
contents in orchardgrass were in a manner opposite to alfalfa.

Total N, P and Mg contents in roots of alfalfa and orchardgrass were
lower than those in the tops, while organic C and Ca in the roots of orchard-
grass were higher than those in the tops while those in alfalfa were lower.
On an average the K content in alfalfa tops and orchardgrass were twice as
high or higher than those in roots but Na showed opposite results to K. This
seems to be due to the interaction between Na and K.
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In particular, alfalfa contained more N, Ca; Mg and Na than did orchard-
grass but the K content in alfalfa was lower than those in orchardgrass, while
organic C and P showed no significant difference hetween alfalfa and orchard-
grass. OOHARA et al. (1963) reported that the contents of N, Ca, P and Na in
legumes were higher than those in orchardgrass, and the contents of K in
orchardgrass were higher than those in alfalfa. This suggests that in mineral
contents, there were significant differences between legumes and grasses.

4, Trace Elements

The mean content of trace elements were determined in alfalfa and orchard-
grass samples from all treatments at each cutting. Statistical analyses to detect
a response of Fe, Mn, Zn, Cu, Co and Ni to alcohol applied to alfalfa and
orchardgrass were carried out and the results were summarised in Table 10.

As shown in Table 10, each content of minor elements at each cutting
stage and in roots increased or decreased significantly and was similar to results
seen in the control. Thus it may be said that there were no appreciable effects
of the alcohol application on the contents of :these minor elements. This sug-
gests that there are no changes of the contents of minor elements in alfalfa
and orchardgrass due to application of alechol. .

Mean values of Fe, Mn and Cu in the roots of alfalfa and orchardgrass
were much higher than those in the tops but the Co and Ni contents in the

roots were lower than those®in the tops. The roots of alfalfa contained lower
levels of Zn than the tops. '

The contents of Fe in orchardgrass increased significantly at the 2nd cut-
ting and in alfalfa a decrease was seen. In the case of Zn and Cu, values at
the 1st cutting tended to be lower in alfalfa and orchardgrass than those at the
2nd cutting. The results of chemical analysis (Table 9) confirmed that Zn was
not deficient for the growth of alfalfa. According to Winposon (1966) and
RIcEMAN and JonEs (1958), most clovers with less than 15 ppm of Zn in leaves
can be suspected of Zn deficiency. In this experiment, the tops of alfalfa con-
tained 12.1 to 70.2 ppm of Zn. The contents of Co and Ni were much or
slightly higher at the 1st cutting respectively than at the 2nd cutting. The
tendency of Co was in agreement with the result, in which where all species
are taken together, the mean Co concentration for the winter period was signifi-
cantly higher than those for the other three seasons, as reported by ANDREWS
(1966). :

In the same properties of soils, trace element contents were compared be-
tween alfalfa and orchardgrass. The contents of Fe and Mn were higher in
orchardgrass than in alfalfa but those of Zn, Cu, Co and Ni were higher in
alfalfa than in orchardgrass. In the case of Co, a number of workers (ASKEw
and Dixon 1937, MrtcueL 1945, LEe 1951, BreesoN and McDonALD 1951,
ANDREW 1966) have reported that in general, legumes contain higher conecentra-
-tions of Co than do grasses. McNaucHT and DoroFAEFF {1968) have reported
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that on the effect of magnesium fertilizers, the contents of Zn, Cu and Fe were
higher in white clover than in grasses but Mn was higher in grasses than in
white clover.

All those results confirmed that the response of alfalfa and orchardgrass

Hisatomo OQOHARA ¢f al.

to applied alcohol could be utilized for an increased yield.

Table 9. Contents of Fe, Mn, Zn, Cu, Co and Ni of alfaifa and orchardgrass
tops and roots non-alcohol-treated and alcohol-treated

Plot. gg;?[hﬁal;;t ngéing Fe Mn Zn Cu Co Ni
pPpm ppm ppm Ppm ppm ppm
1st 141.2 ~ 576 498 11.24 0.274 0.052
Contro! 2nd 80.2 58.2 18.5 8.84 (.248 0.066
Root 311.0 545 40.1 9.00 {0.140 0.028
Ist 120.6 43.3 70.2 9.79 0.280 0.049
Meihyl aleobol [ o4 934 598 184 1283 0432 0062
(uninoculated) Root 419.6 88.3 45.3 10.33 0.244 0.026
1st 116.7 51.3 45.3 9.84 0.219 0.06%
Alfalfa Methyl alcohol | 2nd 1232 59.3 15.6 9.00 0.393 0.038
Root 459.1 85.7 265 9.23 0.272 0.026
1st 166.9 51.7 41.6 1006  0.360 0.086
Ethy] alcohol 2nd 135.7 635 121 792 0433 0.052
Root 378.9 85.9 29.2 12.37 0.146 (.028
1st 126.3 56.9 56.9 9.53 0.236 0.056
Buthyl alcohol 2nd 116.3 59.4 18.9 7.46 0.271 0.100
Root 379.0 93.3 3;3.9 9.29 0.149 0.031
Ist - 1247 429 28.8 9.00 (0.165 0.036
Controel 2nd 2721 6.1 224 7.58 0.219 0.043
Root 599.3 115.3 21.8 9.70 0.095 0.023
st 11756 525 13.6 7.37 0.195 0.026
Methyl alcohol | 2nd 149.0 60.3 12.2 6.95 0.194 0.028
Orchard- Root 599.7 89.6 3490 8.78 0.100 0.021
grass 1st 112.9 50.2 131 7.62 0141 0.023
Ethyl alechol 2nd 116.8 41.8 13.3 7.22 0.217 0.022
Root 613.5 132.6 279 8.95 0.087 0.017
1st 107.3 58.4 14.0 7.59 0.169 0.026
Buthy! alcohol 2nd 124.7 49.5 10.3 749 0.242 0.031
Root 561.3 139.8 314 10.50 0.106 0.023

Remarks; Parts per million on a dry

weight basis.
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Table 10. Significant levels of contents of Fe, Mn, Zn, Cu, Co and
Ni of alfalfa and orchardgrass tops and roots non-alcohol-
treated and alcohol-treated

Alfalfa Orchardgrass
- |Cutti Methyl
e |Guttine | bl Methyl Ethyl  Bathyl | Methyl - Ethyl  Bathyl
(uninoc-) alcohol aleohol alcohol alcohol alcohel alcohol
ulated

* * * - - . _
1st —206) (—245) (%7 (149 (=72)  (—118) (-17.4)
— * % & % * &k k kR EE
Fe | 2nd (182)  (480)  (555) (361 | (—1231) (—1553) (-147.4)
e ok e ok * ok % — — *
Root | (108.6) (1481)  (67.9)  (68.0) ©4) (142 (-380)
EX * # - * ki &
1st %) (=63 (=59  (—0o7 (9.6) (7.3)  (155)

— — — - ES
Mn | 2nd (L6) (1.1) 53 (1.2) 42  (—148)  (—66)
#k * K £ Eg ® R b * %
Root (238)  (21.2)  (214)  (288) | (=257)  (17.3) (245
=z ®k — % s o e ok ok
= Lst (204)  (-43) (82 Al | (=152) (<157 (—148)
v - - % - ok * * %
£ Zn | 2nd 0L (=29)  (—6.4) 04 | (-102) (9D (—121
S * ok o - %k * *
3 Root 62 (-136) (109 (02 | (130) 6.1) (9.6)
E o * * # % * * %
g lst (—145)  (—1.40) (-L18) (—L171) | (=163 (=138 (—1.4])
g | Cu | 2nd (3.99) » (016) (—162) (-L38) | (-063) (=036 (—009)
g Root 33 023 330 029 | 09 (—om  ©080)
- * % &k * * * -
1st (0.006) (—0.055) (0.086) (—0.038) | (0.030) (=0.024)  (0.004)
Co | 2ud 008 ©O45) (0085 (0077 | (0025 (—0.002)  (0.029)
Root | (0104) (0132 (0006)  (0.009) | (0.005) (—0.008)  (0.01D)
. * ok * ok - & £
1st 0003 ©O1F (003 0008 | 0018y (-o. 013) (—0.010)
Ni | 2nd | (~0004) (~0.028) (-0014) (0034 | (-0015) (=003 (-0013)
Root | (=0.002) (=0.002)  (0.000)  (0.003) | (=0.002} (—0.006)  (0.000)

Remarks; ( ) Mean difference between alcohol-treatment and control

— Not significant * Significant at P=0.05
** Significant at P=0.01 **% Significant at P=0.001.
summary

In this paper, the response of crude protein, crude fat, cellulose, lignin,
other carbohydrates, crude ash, chlorophyll, carotenoid, organic carbon, total N,
P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu, Co and Ni to applied methyl, ethyl and
buthyl alcohol were examined in alfalfa and orchardgrass. As compared with
control non-alcohol-treated, the significant main effects of alcohol on the con-
tents of those chemical compositions were summarized and are reported as
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follows.

1. Cellulose and crude ash contents of alfalfa were increased significantly
by application of alcohol but other carbohydrates decreased, while crude protein,
crude fat and lignin contents showed no significant differences.

2. Crude protein contents of orchardgrass in the alcohol treatments de-
creased and other carbohydrates increased. However, other chemical composi-

tion such as crude fat, cellulose, lignin and crude ash showed no significant
differences.

3. The contents of crude protein, crude fat and cellulose of alfalfa and
orchardgrass tops were significantly higher than those of the roots but the
lignin content of the tops were lower than those of the roots. Other carbohy-
drate contents were lower in the tops of alfalfa than in the roots but in the
case of orchardgrass, there were no significant differences between the tops and
roots. Crude ash contents were lower in the roots of alfalfa and in the tops of
orchardgrass than in the tops and in roots respectively.

4. Chlorophyll-a contents of alfalfa were decreased by the effect of alcohol
but carotenoid was increased significantly. Alcohol caused a rise in chloro-
phyll-b content, but did not always reach significant values.

5. The contents of chlorophyll and carotenoid in the alcohol treatment of
orchardgrass were lower than those in the control non-alcohol-treated and
significant differences were very high at a 1% level.

6. There were no obvious differences of contents of organic C, K, Ca and
Na in alfalfa and orchardgrass in the aleohol treatments. However, alcohol
significantly depressed the Mg contents in alfalfa and orchardgrass, reduced N
content in orchardgrass, and raised P content in alfalfa and orchardgrass.

7. The contents of Fe, Mn, Zn ,Cu, Co and Ni in alfalfa and orchardgrass
were not affected significantly by the applied alcohol.

8. Mean values of Fe, Mn and Cu in roots of alfalfa and orchardgrass
were much higher than those in the tops but Co and Ni contents in the roots
were lower than those in the tops. The roots of alfalfa contained lower levels
of Zn than the tops.

9. In the pot cultured under the same properties of soils, the Fe and Mn
were higher in orchardgrass than in alfalfa but those of Zn, Cu, Co and Ni
were much higher in alfalfa than in orchardgrass.
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