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Six months after adding '¢C-labelled rye-grass to sand and soil, the contents of amino
acids and amino sugars in the organic nitrogen were examined. In both sand and
soil, about 75 per cent of the added rye-grass !*C was mineralized as carbon
dioxide and a part of the !*C added was incorporated into the amino compounds.
Analytical results showed that Gly and Ala in organic nitrogen in both sand and soil
were distinctly high in content, Glu, Asp and Lys were next, and Val, Thr, Ser
and Leu followed, and that the amino acid compositon was not similar to that of the
added rye-grass and amino sugar compounds were recognized. These facts suggest
that when a plant material is decomposed in soil, its composition of amino com-
pounds is exchanged through the microbiological metabolism and approaches what is
contained in the soil natively, and that amino sugar compounds are synthesizeds newly
and accumulated in soil due to their resistance to decomposition.

INTRODUCTION

A large number of studies on amino acid and amino sugar in soil have been
reported. Bremner (1950), Davidson et al. (1951) and Sowden and Parker (1953)
analyzed the amino acid composition of acid hydrolysates of soil by paper
chromatography. Bremner (1950) studied the amino acid composition of acid
hydrolysates of a variety of soils by paper chromatography and detected the
following twenty amino acids in every hydrolysate examined: Phe, Leu, Ileu,
Val, Ala, Gly, Thr, Ser, Asp, Glu, Lys, Arg, His, Pro, Tyr, Hpr, ae-Diaminopimelic
acid, B-Alanine, «-Amino-n-butyric acid and r-Amino-butyric acid. After that,
Stevenson (1954, 1956a,1956b), Sowden (1955, 1966), Wang et al. (1967) and
Hayashi and Harada (1969) isolated and determined individual amino acids and
amino sugars of acid hydrolysates of soil by ion exchange chromatography.
Yamashita and Akiya (1966) fractionated the soil organic matter into the fulvic
acid-, humic acid- and humin-fractions, and determined individual amino acids
in these three fractions. On the basis of the data reported by them, it is found
that the amino acid composition in these three fractions is reciprocally very
similar.
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According to the research reports mentioned above, it seems that the major
amino acids in soil are Gly, Ala, Asp, Glu, Thr, Ser, Val, Lys and Leu. Fur-
thermore, with regard to the percentages of individual amino acids which are
calculated as Mol percentage of the total Mol of amino acid, it may safely
be said that they show the following order as a trend: Gly, Ala, Glu, Asp, Thr,
Ser> Val, Lys, Leu, etc.

The studies on the amino sugars in soil have been reported by Bremner
and Shaw (1954), Stevenson (1957a,1957b,1957c), Stevenson and Braids (1968)
and Sowden (1959). According to their results, the amino sugar contents are
about 10 per cent of the total organic nitrogen in soil, and the major parts of
amino sugar are glucosamine and galactosamine.

Wagner and Mutatkar (1968) investigated about amino acid components of
organic matter formed during humification of '*C-labelled glucose in soil. From
its results, the higher radioactivity of *C was present in Ala, Gly, Glu, Glucos-
amine, Asp, Thr, Ser and Lys than in the other amino compounds. The reports
of this type have hardly been published to date.

The purpose of this investigation is to obtain the reliable information on a
tendency of the contents of individual amino acids and amino sugars contained
in the organic nitrogen in soil through the application of rye-grass labelled
with “C uniformly. The outline of the experiments is as follows: 6 months
after adding *'C-labelled rye-grass as a plant material to sand and soil, the
organic matter accumulated was hydrolyzed with acid and amino compounds were
isolated by ion exchange chromatography.

MATERIALS AND METHODS

Soil and sand

The soil used in this experiments was sampled from the paddy field of the
Agricultural Experiment Station of Toyama Prefecture. After sampling, the
soil was sieved through a 2 mm screen without air-drying, put in a polyethylene
bag and stored in a room at 4°C. It contained 0.18 per cent nitrogen and 2.34
per cent carbon per dry soil. Its texture was sandy loam.

The sea sand (Yoneyama Chemical Company) was ground in a mortar and
pestle to 32-60 mesh size. Then, it was washed with water and air-dried.

14C-labelled rye-grass

The rye-grass labelled with “C uniformly was air-dried, ground finely and
used. The contents of carbon and nitrogen of the rye-grass are 35.0 per cent
and 0.6 per cent, respectively, on the basis of the air-dry material. Its C/N
ratio is about 58.

Incubation procedures

Ten g of moist soil was weighed into 50 ml Erlenmeyer flask, and 400 mg
of *C-labelled rye-grass was added to the soil. The sample was mixed through-
ly. Then, it was adjusted to bring the moisture content to 50 per cent of
the maximum water holding capacity with distilled water, covered with poly-
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ethylene film and incubated at 30°C for the period of 6 months. As a control,
only soil was incubated without rye-grass application in the same way as men-
tioned above. In addition 10 g of sea sand and 400 mg of "C-labelled rye-grass
were weighed into 50 ml flask, mixed throughly and then incubated in the same
way as the soil. To correct water loss during the incubation as determined
by weighing the flasks, distilled water was added to them at intervals.

Determination of amino acids and amino sugars

After B-month incubation of samples, the soil organic matter was hydrolyzed
with 6 N HC1 at 105°C for 20 hours under reflux and amino acid compounds
were isolated by ion exchange chromatography. Individual amino acids in the
solution were determined by Moore's method (1951) employing the KLA 2 Type
Hitachi Amino Acid Analyzer. For amino sugar determination, the samples
were hydrolyzed with 6 N HCI at 100°C for 6 hours under reflux. Amino sugars
in the solution prepared was determined/by Elson and Morgan's method (1933)
modified by Stevenson (1957c). The effluent positions of individual amino acids
and amino sugars were confirmed by the use of standard preparations.

Ei |

Liquid Scintilation Counter

Fig. 1 Block diagram of labelled amino acid analyser.
1. Nacitrate buffer, 2. Micropump, 3. Amberite IR 120, 4. Photo-Tube, 5. Flow-
Cell, 6. Flow-Chart.

“C radioactivities of amino acid fraction and amino sugars were measured
by using liquid scintilation counter (Kobe Industrial Company GSL 151 Type)
with Flow-Cell as shown in Fig. 1. For the total counts of “C of samples, *CO,
evolved by wet combustion using Kosaka's method (1959) was absorbed into
10 N KOH solution and then, its *C counts in the solution were measured by
using liquid scintilation counter as mentioned above.

RESULTS AND DISCUSSION

(1) #C activity of amino acid and amino sugar

The counts of total labelled organic **C and amino compound “C of the
(Initial rye-grass), the (Sand+rye-grass) after incubation and the {Soil+rye-
gass) after incubation were shown in Table 1. In view of the total counts,
231.0 x10* cpm of the (Initial rye-grass) decreased to 56.7 x10* cpm of the {Sand
+rye-grassy and to 58.5x10* cpm of the (Soilfrye-grass). These data dis-
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Tablel. *C counts in the <Initial rye-grass>, the <(Sand-+rye-grass) and the <Soil+
rye-grass>.
f | Amino :
| Total count | Compound Amino »
countV Compound
(X10%cpm) (X 104cpm) (zMol)
Iniial rye-grass 280 e 1210
7 12. 132.7
Sand+rye-grass? (188_ 0 (22_%)
Soil--rye-grass® (188'8) (%3'51) 5000

1) Including the amino acid- and the amino sugar-fractions. 2) See Tahle 2.  3) Per
400mg rye-grass. 4) Per 10g sand. 5) Per 10g soil. Figures in parenthesis were
calculated as per cent of total count.

tinctly indicate that 6 months after adding !*C-labelled rye-grass to sand and
soil, about 75 per cent of the added rye-grass *C were mineralized and volatil-
ized as carbon dioxide. The counts of amino compound *C in the (Initial
rye-grass), the {(Sand+rye-grass) and the (Soilfrye-grass) were 12.9 x 10' cpm,
12.5 x 10" cpm and 13.5 x 10' cpm, respectively. =~ And then, these data clearly
show that part of *C added was incorporated into amino compounds in both
sand and soil after 6-month incubation and the amounts of *C incorporated were
hardly different between sand and soil.

Chromatograms of *C activities of amino acids and amino sugars in the

{Initial rye-grass) and the (Sandfrye-grass) were shown in Fig. 2. As seen in
Fig. 2, two peaks of *C-labelled amino sugars were only detected in the (Sand

Acidic and
Neutral 1
Amino Acids
> Arg
8 A
i R R R L L i
(5]
<
9 2
Glucosamine
/ Galactosamine
P, N,
0 20 40 60 80 100 120
Na-citrate buffer (pH 5.28)
Effluent, ml

Fig. 2 Chromatograms of 4C activities of amino acids and amino sugars in the <Initial
rye-grass> and the <Sand+rye-grass).

1. <Initial rye-grass>, 2. <Sand+rye-grass>.
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+rye-grassy. The former was glucosamine, the later was galactosamine. This
clearly suggests that the amino sugars were synthesized by soil microorganisms
through the process of decomposition of the added rye-grass. Though chroma-
togram of 'C activities of amino compounds in the (Soilfrye-grass) was
abbreviated, in the (Soil+rye-grass), also, the same peaks as the <{Sand+rye-
grass) were obtained and the amino sugars were synthesized undoubtedly.

Note : Though ¢C activities of individual amino acids and amino sugars in the
amino compounds were determined by Flow-Cell, we could not obtain quantitative
data about them. So, they were abbreviated. With regard to the contents of indi-
vidual amino acids and amino sugars contained in the organic nitrogen in sand or
soil, they were calculated from the data determined by Ninhydrin colorimetry (Moore
et al., 1951) and Elson and Morgan's method (1933), respectively.

(2) Contents of individual amino acids and amino sugar

Contents of individual amino acids and amino sugar in the (Initial rye-grass),
the (Sandfrye-grass), the (Soil+rye-grass), the (Control soil) and the (Initial
soil) which were determined by Ninhydrin colorimetry and Elson and Morgan’s
method, respectively, were shown as Mol per 10g of sand or soil in Table 2.
Besides, the Mol per cent of each amino acid of each treatment including the
(Initial rye-grass) and the (Initial soil) which calculated as percentage of the
total Mol of amino acid was also given in Table 2. Fig. 3 showed the percentage
distribution of individual amino acids of each treatment including the (Initial
rye-grass) and the (Initial soil).

In the first place, in view of the contents of amino acids and amino sugar,

Table 2. Amino acid compositions of the <Initial rye-grass>, the <Sand+rye-grass),
the <Soil+rye-grass>, the <lInitial soil> and the <Control soil>.

Initial rye-gsas:sfSandﬁ—rye-gsass‘ Soilfrye-grass Initial soil ‘ Control soil
Amino incubation incubation | incubation incubation - incubation
compounds period oeriod oeriod period period
; 0 6 *months 6 ‘months 0 6 months
#Mol?? % #Mol? % 1Mol® % #Mol¥ % #Mol® %
7.7 T -_——————
Lys 2.9 6.4 6.8 5.7 38.9 9.6 8.5 35.0 8.5
His . 2.4 2.0 1.6 6.1 15 3R2L1 0.5 1.7 0.4
Arg 3.4 2.8 1.6 1.3 4.1 1.0 3.847 10311 6.2 1.5
Asp 9.2 7.7 11.8 9.8 21.1 5.2 42: 4 10.3
Thr 6.1 4.6 8.2 6.8 17.8 4.4 5.8 23.9 5.8
Ser 8.5 8.2 6.7 219 5.4 28.9 6.1 25.9 6.3
Glu 16.6 13.9 15.8 13.1 26.7 6.6 37.4 8.8 38.7 9.4
Pro 8.9 5.6 4.6 324 8:0 17.8 4.2 17.3 4.2
Gly 10.8 10.8 18.2 15.2 91.6 22.6 94.8 22.3 86.8 21.1
Ala 12.5 10.4 15.8 13.1 62.4 154 58.7 13.8 56.8 13: 8
Val 6.4 53 8.2 6.7 25.9 6.4 25.5 6.0 23.5 5.7
Met 0.8 1.4 1.2 4.1 1.0 4.7 1.1 6.2 1.5
lleu 8.9 06 38 4.4 3.6 15.4 3.8 11.9 2.8 12.7 3.1
Leu 2.1 7.5 7.8 6.4 21.5 5.3 24:2 5.7 22: 2 5.4
Tyr 5.8 1.8 0.6 2.1 0.5
PKe 120.2 4.8 24 1.9 e 37 0.9 25 10.3 2.5
(Ttoal)® loo:o 120280 1200:230 05,1085 100:290 | 451020 00:240 4117  100.0
Amino sugar; 0.8 12.7 94.5 96.4 91.3
Total® 121.0 132.7 500.0 521.4 '503.0

1) #Mol per 400mg rye-grass. 2) zMol per 10g sand. 3) zMol per 10 g soil. 4) Total
of amino acids. 5) Total of amino compounds.
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Fig. 3 Mol per cents of the individual amino acids in the <Initial rye-grass>, the
(Sand+rye-grass>, the <Soil+rye-grass>, the <Control soil> and the <Initial soil>.

1. (Initial rye-grass>, 2. <Sand+rye-grass>, 3. <Soil+rye-grass>, 4. <Control soil),
5. <Initial soil>.

of
<

the <Initial rye-grass) was 120.2 uMol of amino acid and 0.8 uMol of amino
sugar per 400 mg rye-grass and the (Sand+rye-grass), the (Soil+rye-grass),
the (Control soil) and the {Initial soil) were 120.0 xMol, 405.5 uMol, 411.7 xMol
and 425.0 uMol of amino acid and 12.7 uMol, 94.5 uMol, 91.3 uMol and 96.4 uMol
of amino sugar per 10 g sand or soil, respectively. Concerning the amino com-
pound analysis in this experiment, the experimental errors were about 10 per-
cent. So, it seems that the amino compound contents of the (Soil+rye-grass), the
(Control soil) and the (Initial soil) were almost equivalent, and their amino acid
composition was almost similar as seen in Table 2.

As for the accumulation of amino compounds in the (Sand+rye-grass), each
amino acid and amino sugar in the {Sand+rye-grass) are clearly originated
from the added rye-grass on the whole, but not the same amino acid and amino
sugar as contained in the added rye-grass initially. It might be considered that
the amino acid and the amino sugar were newly synthesized by soil microor-
ganisms through the decomposition of the added rye-grass, i. e., as to the contents
of the amino acid and the amino sugar, the (Initial rye-grass} is distinctly different
in the (Sand+rye-grass). This suggests that when the rye-grass was added to
sand, it was decomposed and the composition of amino compounds in the (Sand
+rye-grassy) was exchanged by soil microorganisms through the synthesis of
new amino acids and new amino sugars by them. Furthermore, as seen in Fig.
4 which showed the contents of amino sugar of each treatment including the
(Initial rye-grass) and the (Initial soil), the amino sugar contents increased in
the following order: the (Initial rye-grass)<the {(Sand+rye-grass)><the (Soil+
rye-grass)==the (Control soil)=the (Initial soil). This truely indicates that the
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amino sugar which were hardly contained in the added rye-grass was newly
synthesized by soil microorganisms through the decomposition of the rye-grass
and became accumulated in the soil because of its resistance to decomposition.

Next, we would like to consider about decomposition and synthesis of amino
compounds in the (Soil+rye-grass). The content of amino compounds in it was
642.4 (=521.4+121.0) uMol at the beginning and it became 500.02Mol after
B-month incubation. Within 500.0 u#Mol, “C originated from the added rye-grass
was 13.5 x 10* cpm as shown in Table 1 and it may be corresponded to about
143 (=132.7x 13.5/12.5) uMol, if we assume that »C activity in the amino
compounds in the (Sand+rye-grass) is proportional to amino compound contents
in it and this relationship is applied in the (Soilfrye-grass) correctly, too. And
the amino compounds originated from the soil itself in the (Soilfrye-grass)
may be about 357 (=500—143) uMol and corresponded to 71.4 (=357/500x 100)
per cent of the amino compounds in the soil after 66month incubation, i. e., it may
be considered that about 28.6 (=100—71.4) per cent of the native amino com-
pounds might be exchanged by the newly synthesized amino compounds.

#Mol/10 g sand or soil

[N« I o'+
o O o o o

1 001

<Initial rye-grass)*

<Sand+rye-grass) ]

<Soil+rye-grass)

(Control soil>

<Initial soil)

* ©Mol/400 mg rye-grass

Fig. 4 Amino sugar gzMol in the <lInitial rye-grass>, the {(Sand{-rye-grass), the <Soil
+rye-grass), the <Control soil> and the (Initial soil>.

Further, as shown in Table 2, the amino compound contents of the (Soil+
rye-grass) and the (Control soil) were almost equivalent, so it is supposed that
the amounts of the nitrogen almost equal to the nitrogen contained in the added
rye-grass might be mineralized from the native nitrogen in the soil clue to the
application of rye-grass. This may be explained by the results reported by
Miyaguchi and Harada (1969), i. e., the phenomenon that the decomposition of
the native soil organic matter is accelerated when bulky organic matters which
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contain chelating materials such as plant acids are added to soil.

In the second place, with regard to the percentage distribution of individual
amino acids of the amino acid fraction in each treatment including the (Initial
rye-grass) and the (Initial soil), as shown in Table 2 and Fig. 3, the (Initial
rye-grass) showed that Glu was remarkably high in content, Gly, Ala, Pro, Ser
and Asp were next, and Leu and Lys followed. However, in the <{Sand+rye-
grass), the (Soil+rye-grass), the (Control soil) and the (Initial soil), all of them
indicated the following tendency in the contents of individual amino acids: Gly
and Ala were in major amounts, Lys, Glu and Asp were next, and Ser, Thr and
Leu followed. This suggests that the amino acid composition different from
that of the added rye-grass was due to the exchange of amino acids through
the amino acid metabolism of soil microorganisms.

In the (Sandfrye-grass), Glu which was the largest in the amino acid
components of the added rye-grass decreased gradually for G-month incubation
and Pro, Ser, Leu, Phe, Arg and His decreased as Glu. Reversely, Gly, Ala and
Asp increased. Moreover, the amino acid composition of the (Sandfrye-grass)
was almost similar to those of the (Control soil) and the (Initial soil). This
indicates that it has a tendency to approach the amino acid composition in the
(Initial soil) due to the application of rye-grass through the exchange of the
amino acids.

In the (Soilfrye-grass), it is supposed that about 28.6 per cent of the amino
compounds contained natively in the soil might be exchanged for the newly
synthesized amino compounds as mentioned before, but its amino acid composition
was almost similar to those of the (Control soil) and the (Initial soil) as shown
in Table 2. That is, in the (Soil+rye-grass), Gly and Ala were distinctly high
in content, Lys, Glu and Asp were next, and Ser, Thr and Leu followed.

As seen in Fig. 3, the Mol per cents of Glu, Pro, Ser, Leu, Phe, Arg, His
and Tyr which were calculated as percentage of the total Mol of amino acid
decreased in the following order as a tendency: the (Initial rye-grass>> the
(Sand+rye-grass)> the (Soil+rye-grass)> the (Control soily=the (Initial soil).
In these amino acids, Glu decreased especially. Reversely, Gly, Ala, Lys and Asp
increased and Gly increased remarkably in particular.

The amino acid composition of the (Initial soil) was not special and very
similar to those of the paddy soils which were reported by many investi-
gators so far. Therefore, it might be considered that the results obtained in
this experiment suggest that when a carbonacious material like rye-grass is
added to soil, it is decomposed and the composition of amino compounds in the
soil is exchanged by soil microorganisms through the synthesis of new amino
acids and amino sugars, and that the amino acid composition in the soil approaches
what was contained in the soil natively for such a comparatively short period
as 6 months, and newly synthesized amino sugars became accumulated in the
soil because of its resistance to decomposition. Furthermore, considering about
the amino acid composition of the organic nitrogen in the soil, in general Gly
and Ala were remarkably high in content, Glu, Asp and Lys were next,
and Val, Thr, Ser and Leu followed. And then, the amino sugars detected
in the (Sand+rye-grass) and the (Soil+rye-grass) are well known to be major
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components of microbial cell walls.

From these results obtained in this experiment, we might consider that
when a plant material such as rye-grass is added to soil, it is decomposed and
the composition of amino compounds in the soil is exchanged by soil microor-
ganisms through the synthesis of new amino acids and new amino sugars, and
the amino acid composition in the soil approaches what was contained in the
soil natively for such a comparatively short period as 6 months; in this case
the amino sugars synthesized newly became accumulated in the soil because of
its resistance to decomposition.

CONCLUSIONS

Experiments on a tendency of the contents of individual amino acids and
amino sugars contained in the organic nitrogen in soil through the application
of rye-grass labelled with *C uniformly were carried out and obtained the fol-
lowing results :

(1) In both the (Sand+rye-grass) and the (Soilfrye-grass), about 75 per
cent of the added rye-grass “C were mineralized and volatilized as carbon dioxide
for 6-month incubation.

(2) Part of *'C added was incorporated into the amino acid fractions in the
{Sand+rye-grass) and the (Soil+rye-grass) and the amounts of *C accumulation
in each treatment were almost equivalent.

(8) Though the peaks of **C-labelled amino sugar were not detected in the
(Initial rye-grass), they were clearly detected in the (Sand +-rye-grass) and
the (Soil+rye-grass). And the amino sugar contents increased in the following
order: the (Initial rye-grass) <the {(Sand-+rye-grass><the (Soil+rye-grass)=
the (Control soil>=the (Initial soil). This truely indicates that the amino sugar
which were hardly contained in added rye-grass was newly synthesized by soil
microorganisms through the decomposition of the rye-grass and became ac-
cumulated in the soil because of its resistance to decomposition.

(4) The (Initial rye-grass) showed that Glu was remarkably high in
content, Gly, Ala, Pro, Ser and Asp were next, and Leu and Lys followed. However,
in the (Sand+rye-grass), the <Soil+rye-grass), the <Control soil) and the <Initial
soil), all of them indicated the following tendency in the contents of individual
amino acids: Gly and Ala were in major amounts, Lys, Glu and Asp were next,
and Ser, Thr and Leu followed. This suggests that the amino acid composition
different from that of the added rye-grass was due to the exchange of amino
acids through the amino acid metabolism of soil microorganisms.

(5) In view of each treatment including the (Initial rye-grass> and the
(Initial soil), the Mol per cents of Glu, Pro, Ser, Leu, Phe, Arg, His and Tyr
which were calculated as percentage of the total Mol of amino acid decreased
in the following order as a tendency: the (Initial rye-grass)> the (Sand+rye-
grass) >the <Soil+rye-grass)> the (Control soil)> the (Initial soil). In these
amino acids, Glu decreased especially. Reversely, Gly, Ala, Lys and Asp increased
and Gly increased remarkably in particular.



46 T. Marumoto et al.

(6) From the results of (3), (4) and (5), it might be considered that when
a carbonaceous material like rye-grass is added to the paddy soil, it is decom-
posed and the composition of amino compounds in the soil is exchanged by soil
microorganisms through the synthesis of new amino acids and new amino
sugars and that the amino acid composition in the soil approaches what was
contained in the soil natively for such a comparatively short period as 6
months. And Gly and Ala in the organic nitrogen of the soil are distinctly
high in content, Glu, Asp and Lys are next, and Val, Thr, Ser and Leu follow.
It is considered that the amino sugar compounds synthesized newly are ac-
cumulated in soil because of their resistance to decomposition.
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