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ABSTRACT

To study the response to plant growth by the cnvironmental factors, the effects of
application of nitrogen on changes in the yield, crude protein, amjno acids, chlorophyll,
carotene, total phosphorus, acid-soluble phosphorus, phospholipids, RNA, and DNA
were investigated with westerworlds (Lolium sublarum) and perennial rye-grasses
( Lolium perenne).

The amounts of dry weight, crude protein, amino acids, chlorophyll, carotene, total
phosphotus, acid-soluble phosphorus, phospholipids, RNA and DNA of both rye-
grasses increased with adequately increasing nitrogen, and reached a maximum with
an adequate application of nitrogen,

The relationships between yields and crude protein contents, crude protein and
RNA contents, and yields and RNA contents of westerworlds and perennial rye-grasses
were found to be positively correlated, respectively.

Therefore, in general, the response to plant growth by the environmental factors
such as nilrogen nutrient may be summarized as follows:

Activation &
Replication
Environmental factors

Acceleration &
Censtruction

Protein —Plant growth

INTRODUCTION

The effect of application of fertilizer phosphorus
on the content of DNA, RNA and other phospho-
rus fractions in an early cutting stage of growth
of alfalfa and orchard-grass has been described
by Chang (1972). From the molecular biological
point of view, the most important result is the
direct relationship between the nucleic acid content
and plant growth. It suggests that nucleic acids
in plant cells are subject to charges caused by
external environmental factors. Ohlrogge et al.

Transcription
—DNA———

Translation
—sRNA————

(1957) demonstrated the unique effect of nitrogem
to enhance plant uptake of fertilizer phosphorus.
No data are available, however, in- which any
attempt is made to relate nucleic acid contents to
the conditions of soil nitrogen. The present work
attempts to do this for the field experiment in--
cluding a range of application of fertilizer nitrogen
which have subsequently been used for a study of”
the yield, protein, amino acid, chlorophyll,.
carotene, RNA, and DNA responses by introduced:
rye-grasses.
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MATERIALS AND METHODS

This research was made possible by the Obihiro
Zootechnical University, Obihirc. The Obihiro
district is situated almost in the south-cast center
of Hakkaido, Japan (N 42°9", E 143°2). The
climate is characterized by short, cool and moist
summer, a frost-free season of 120-140 days,
and long cold winter. Snow cover may exeed 120
days and annual precipitation ranges between
1000-1200mm. Soils were derived from volcanic
ash, contained about 109, organic matter, had
soil pH of 5.75-6.55 in the surface and 6.00-6.75
in the subsoil, and were deficient in amounts of
available nitrogen, phosphorus, potassium and
magnesiuim,

Westerworlds rye-grass and perennial rye-grass
were chosen for this experiment. On 10, May 1970,
westerworlds (3kg/10a) and perennial (3kg/10a)
rye-grasses were sowed directly above precision
bands of 0-20-8 NPK supplying from 0 to 22.5
ke/10a of nitrogen and then were disked. Plot
size was 1.65x9.144m (5 x 30ft) with 3 replication.
After westerworlds and perennial rye-grasses had
grown for 68 days from planting and for 56 days
from the first cutting, these forage crops were
harvested, dried at 60°C, weighed, and ground for
analyses, respectively.

Determinations of yields of ryesgrasses were
made of dry weight of the above-ground parts.
Total nitrogen was determined by the micro-
Kjeldahl method and the amount of crude protein
was culculated by multiplying nitrogen by 6.25.
The contents of chlorophyll and carotene were
determined by spectrophotometry. Rye-grasses
from the main experiment were analysed for amino
acids by Amino Acid Analyzer with sequential
sampler (Mitachi Model XKLA-5).

The above-ground parts of westerworlds and
perennial rye-grasses were frozen immediately
with liquid nitrogen, lyophilized, and analysed for
DNA, RNA and other phosphorus fractions.
Since there was not a standard methods available
for determining nucleic acids in plant tissue, a
workable procedure for estimating RINA and DNA
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Rye~grlasscs (above-ground parts)
Froze;l'x and lyophilized
Driedvrye-grasses (above-ground parts)

Extract 2 x with 0.2 N PCA, 4°C, 15 min;
Centrifuge at 4°C

Resrdue

Extract 1 x with cold 95% ethanol, 2
with 409 ethanol (pH adjusted to 4.5
with glacial HAC), 2 x with ethanol-
ether (3:1), 55-65°C, 3 min, 1 x with
ether; Dry in vacuum desiccator

{
Supernatant

Acid-soluble P

]

Supelvrnatant Whilte residue
Phospholipids ~ Extract with 0.3 N KOH, 37°C, 22
hours, cool to 0°C, acidify with 709
PCA, held at 4°C for 40 min; Centri-
fuge at 4°C
N v
Supernatant Residue

Extract 2 x with 0.5 N PCA, 4°C, 15
min; Centrifuge at 4°C

RNA fraction I

0
Supernatant Restdue

1 |
RNA fraction II Extract with 0.5 N PCA, 70°C, 20 min,
min, cool to 4°C; centrifuge

1
Supernatant

4
DNA fraction

Fig. 1. Procedure for the extraction of the nucleic acids.
from the above-ground parts of rye-grasses.

Residue

Residual phosphorus

inrye-grasses was developed from previous methods
(Markham, 1955; Nieman & Poulsen, 1963; Ogur
& Rosen, 1950; Schmidt & Thannhauser, 1945;
Smillie & Krotker, 1960; Spirin, 1958). Procedure
adopted is shown in Fig. 1. For complete extraction
of RNA from rye-grasses, a modification of
Schmidt and Thannhauser’s alkaline hydrolysis.
(1945) using potassium hydroxide and subsequent
cold perchloric acid(PCA) extraction was neces-
sary. The two RNA fractions were combined
before analysis. For removal of the DNA fraction,
Ogur and Rosen’s procedure(1950) proved to be
satisfactory. RNA and DNA were determined at
260 and 268 my, respectively, using a DU spectro-
photometer. Phosphorus content of the above-
ground parts of rye-grasses was determined for
acid-soluble phosphorus (phosphate esters) and
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phospholipids using - the phosphomolybdate-

acetone complex method modified by Hirada &
Appleman(1959). This method made it possible
to determine phosphorus in the range of 1 to 10ug
with a high degree of accuracy and precision.
Total phosphorus concentrationin rye-grasses was
measured by the conventional vanadomolybdo-
Pphosphoric acid(Kitson & Mellon, 1944) procedure.

RESULTS AND DISCUSSION

The effect of nitrogen on dry matter yields of
westerworlds and perennial rye-grasses in- the
first and second cuttings is shown in Table 1. For
‘westerworlds rye-grass in the first cutting, yields
in terms of dry weight increased to a maximum
with an application of 20 kg N/10a, but decreased
with 22.5 kg N/10a. As application .of fertilizer
nitrogen increased to 12.5 kg N/i0a, yields of
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westerworlds rye-grass in the second cutling were
markedly increased and showed a maximmam value
at 12.5 kg N/10a. Dry weight of perennial rve-
grass in the first cutting continued to increase with
increasing nitrogen application, while as appli~
cation of nitrogen went up to 20 kg N/10a, yields
of perennial rye-grass in the second cutting reached
a maximum with 20 kg N/10a but decreased with
22.5 kg N/10a. Total yields of rye-grasses in the
first and second cuttings were markedly increased
with. increasing nitrogen application but reduced
with excessive nitrogen supply. These results
suggest that generally, nitrogen has a high positive
response to the yield of rye-grasses but high
nitrogen levels in soils may have depressed organic
matter production and the regrowth. Fukunaga
{1967) reported that in westerworlds rye-grass,
1 ton/10a or more as dry matter was produced by

Table 1. "Yie-lds of westerworlds and perennial éye—grasses in terms of dry weight in the fisrt and second

cuitings (kg/10a)

. Westerworlds rye-grass

Amount of W Perennmnial rye-grass

applied (kg N/10a) T ~2nd Total 1st 2nd Total
‘ cutting cutting yield cutting cutting yicld

0 173 148- 322 146 - 115 216

2.5 267 231 498 219 141 360

5 385 298 683 250 209 459

7.5 489 413 202 286 327 613

10 592 564 1156 325 413 738

12.5 610 576 1186 327 434 761

15 618 573 1191 343 437 780

"175 631 - 571 1202 345 441 786

20 639 . 570 1209 347 445 792

22.5 635 550 1185 359 438 797

Table 2. Crude protein contents of wesrerworids and perennjal rye--grasses in the first and second cuttings (})

Amount of N

Westerworlds rve-grass

Perennial rye-grass

applied (kg N/10a) _1st cutting

2nd cutting

1st cutting 2nd cuiting

0 7.91 7.00 . 8.36 9.20
2.5 897 8.13 9.01 9.94
5 . . 1185 10.67 11.98 11.99
7.5 . 12.89 11.21 12.44° 12.57
10 12.99 T 13.69 13.09 14.51
12.5 13.75 13.86 1411 14.66

15 © - 1430 14.65 - ".15.55 15.93
17.5 14.82 14.98 15.82 16.89
20 . . 15.00 . 15.16 16.67 16.96
22.5 14.93 15.12

15.63 . 1e.36
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Table 3. Changes in amino-acid contents of westerworlds rye-grass in the first and second cuitings( %)

Amount of N 0 5 10 15
.. applied (kg N/10a) . .

Cutting siages o Ist 2nd 1st 2nd Ist 2nd st 2nd
'Crude protein 7.91 7.00  11.85 10.67 © 1299 © 13.69 14.30 14.65
Lysine 0.39 0.35 0.67 0.54 0.77 0.79 0.92 0.90
Histidine 0.22 0.20 0.31 0.30 0.32 - 0.31 0.33 0.34
Arginine - 030 0.27 0.62 0.57 0.63 0.64 0.60 0.65
Aspartic acid Q.55 0.51 0.93 0.83 1.17 1.19 1.18 1.20
Threonine 0.25 0.26 0.47 0.44 0.50 - 0.51 0.57 0.56
Serine 0.27 0.23 0.56 0.51 0.58 - 059 0.62 0.63
Glulamie acid 0.54 0.49 1.07 0.99 1.19 17 1.46 1.45
Proline 0.40 0.35 0.68 0.67 0.70 0.73 0.83 0.85
Glycine 0.28 0.24 0.53 0.52 0.59 0.58 0.71 0.72
Alanine 033 0.32 0.60° 058 0.69 0.71 0.86 0.38
Valine 0.20 0.16 0.59 0.55 0.01 h 0.58 0.69 0.67
Methipnine 0.02 0.01 0.04 0.03 0.05 0.06 0.08 0.08
Isoleucine 0.19 0.16 0.33 0.30 0.34 0.37 0.42 0.43
Leucine 0.48 - 0.40 1.02 0.98 1.03 1.04 1.15 1.17
Tyrosine 0.17 0.15 0.32 0.31 0.33 0.35 0.37 0.38
Phenylalanine 0.36 0.33 0.70 0.68 0.75 0.73 0.62 0.62
Total 4.95 4.43 9.44 10.25 10.35 10.35 11.41 . 11.60

Table 4. Changes in amino acid contents of perennial rye-grass {n the first and second cuttings(%7)

Amount of N 0 5 10 15
applied(kg N/10a) .
Cutting stages 1st 2nd 1st l 2nd Ist 2nd 1st 2nd
_ Crude protein 8.36 9.20 11.98 (11.99 13.09 14.51 15.55 15.93
Lysine - 0.56 0.58 0.52 0.50 0.58 0.60 0.98 0.97
Histidine ' . 0.18 0.20 0.19 0.18 0.20 0.21 0.39 040
Arginine . 0.42 '0.43 0.52 0.53 0.56 0.57 0.60 0.61
Aspartic acid Q.60 0.61 111 1.14 1.26 1.28 1.74 1.76
Threonine 0.19 0.18 0.35 0.33 0.52 0.54 0.51 0.55
Serine o, B 0.36 0.38 0.41 0.41 0.58 0.61 0.57 0.57
© Glutamic acid\ . Tt 0.55 0.56 1.20 1.17 - 1.23 1.25 1.29 1.30
' Proline 0.26 0.25 0.68 - 0.65 0.87 0.89 0.89 0.91
Glycine . 0.27 0.30 0.48 0.48 0.64 0.65 0.70 0.72
Alanine .. .. 029 0.30 0.73 0.74 0.90 0.93 1.02 .1.04
Valine 0.34 035 051 — 050-—. 056 . 0.5 0.50 0.80
Methionine ) 0.01 0.02 0.05 0.05 0.17 0.18 0.12 0.19
Isoleucine 0.20 0.23 0.41 0.40 0.43 0.45 0.49 0.50
Leucine . ’ 0.41 0.42 0.90 0.85 - 1.03 1.07 - 124 1.26
Tyrosine 0.08 0.10 0.18 0.17 0.31 0.32 0.22 0.33
Phenylalanine 0.42 0.40 - 0.44 042 0.56 0.58 0.59 0.60
Total 5.14 5.31 8.68 8.52 10.40 10.68 12,15 2.51

-the application ol nitrogen amounting to 10 kg/10a nitrogen and total available carbohydrate in the
-or more. Macno and Ehara(1970) showed that stubble at the time of defoliation, and the regrowth
there was high correlation between the amount of of herbage plants. Thus when less than the opti-
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Table 5. Chlorophyll contents of westerworlds and perennial rye-grasses in the first and second cuttings(%o)

Amount of Westerworlds rye-grass Perennial rye-grass
N applied 1st cutting 2nd cuiling 1st cutting 2nd eutting
(kg N/10a) Chl a Chl. b Chl. a ChlL b Chl. a ChL b Chl. a Chlb
0 3.41 1.48 3.39 1.45 3.60 1.53 3.62 1.54
2.5 3.54 1.50 3.51 1.48 3.75 1.59 3.73 1.60
5 3.63 1.53 3.64 1.52 3.81 1.62 3.80 1.64
7.5 3.78 1.61 391 1.60 3.97 1.75 3.99 1.78
10 3.90 1.65 4.00 1.65 4.08 1.89 4.10 1.90
12.5 3.97 1.82 4,08 1.73 4.12 1.90 4.15 1.89
15 4.08 191 412 1.79 4.43 2.01 4.39 2.05
17.5 4.11 1.94 4.17 1.83 4.59 2.04 4.60 2.08
20 4.15 1.99 4.20 1.87 4.68 2.17 4.71 2.13
22.5 4.21 2.00 4,22 1.90 4.72 2.19 4.76 2,21

mum amount of nitrogen was applied, the regrowth
of forage crops increased as the yield response to
applied nitrogen. According to the result of “t”
test, vields of westerworlds rye-grass had highly
significant defference between the first and second
cuttings. It is obvious that dry matter yield of
westerworlds rye-grass in the first cutting was
higher than that in the second cutting. However,
application of 0-5 kg NW/10a brought a large
decrease in the regrowth of pereunial rye-grass.
As compared with the first cutting, increasing
yields of perennial rye-grass in the second cutting
were obtained from nitrogen supply of 7.5-22.5
keg/10a.

As shown in Table 2, increases in nitrogen
application increased the crude protein conient
in both rye;grasses in the first and second cuttings
except for the highest nitrogen level. The content
of crude protein was higher with perennial rye-
grass at 59, significant level than with wester-
worlds rye-grass. This is similar to the total
. -mitrogerrcontent which was higher with perennial
rye-grass than with westerworlds rye-grass. The
crude protein contents of westerworlds rye-grass
in the first cutting was simillar to the second
cutting, while perennial rye-grass in the second.
cutting contained higher-amounts of crude protein
in comparison with the first cutting. The positive
response of the crude protein content in rye
grasses to applied nitrogen was all plots of 2.5-
22.5 kg N/10a but a magimum content of crude

protein in rye-grasses was obtained from 20 kg
N/10a. This is in agreement with the results of
Fukunaga(1967).

Rye-grass plots of 0, 5, 10 and 15 kg N/10a were
chosen for analysis of amino acids because of their
distinctive differences in response to increasing
nitrogen application (Tables 3 and 4). In the case:
of westerworlds rye-grass, contents of aspartic
acid, glutamic acid, leucine and lysine were higher
than those of other amino acids, while perennial
rye-grass contained greater amounts of aspartic
acid, lysine, glutamic acid, arginine, phenylalanine:
and leucine in comparison with other amino acids.
Amino acid contents of westerworlds and perennial
rye-grasses increased with increasing mnitrogen
application. This result suggests.that the increasing.
amounts of amino acids in the cell of rye-grasses.
promote protein synthesis. In addition, it is clear
that increase of amino acids such as glycine,
glutamic acid and agpartic acid leads to formation
of the increasing nitrogenous--bases which will
be utilized for nucleotides and deoxynucleotide
formations, and enhances the synthesis of por-
phobilinogen to form chlorophyli. o

As given in_ Tables.- 5- and -6, the amount of

- -chtloropﬁﬁl“a and b was higher with perennial

rye-grass than with westerworlds rye-grass, while
carotene contents have no significant difference
between both rye-grasses. There are also no signi-
ficant differences of the contents of chlorophyll
and carotene in both rye-grasses between the first
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Table 9. RNA contents of westerworlds apd perennial
- rye-grasses in the first and second cnitings

(ug N/mg)
Westerworlds Perennial
Amount of N rye-grass Tye-grass
applied
(kg N/10a)  1st 2nd 1st 2nd
cutting cutting cutting cutting
0 1.85 1.72 1.90 1.87
2.5 2.57 2.41 3.09 2.96
5 4.20 4.15 5.12 4.95
7.5 6,99 6.80 8.79 8.53
10 8,53 8.30 .10.58 10.60
12.5 10.86 10.53 11.14 11.21
15 11,35 11.09 12.95 13.00
17.5 13.11 13.01 13.98 14.01
20 14.04 13.18 14.17 14.16
22.5 12.72 12,22 14.20 14.13

~soluble phosphorus and phospholipid fractions
ccontain highly active metabolic intermediates,
“the high content present may be associated with
more active metabolism and-growth. The-decrease
~with 22,5 kg N/10a could be due to exeessive
nitrogen, As shown in Table 7, according to the
‘tendency for these phosphorus fractions, total
‘phosphorus contents of both rye-grasses increased
to a maximum with 20 kg WN/10a except for the
plot of 22.5 kg N/10a of westerworlds rye-grass
in the first cutting but decreased with 22.5 kg
‘N/10a. It suggests that the unique effect of nitrogen
mutrient enhances plant uptake of fertilizer phos-
phorus. This agrees with the results of Ohlrogge
-et al. (1957). ’ )

As given in Table 10, the amounts of RNA of
-perennial rye-grass at all levels of ‘:nitrogen appli-
cations were higher than those of westerworlds
rye-grass. As compared with the cutting stages,
the content of RINA was higher at the plots of
westerworlds rye-grags in the first cutting, but
for the RNA contents of perennial rye-grass, there
was po significant difference between the first
and second cuttings. For westerworlds rye-grass
in the first and second cuttings, RNA ‘increased
to a maximum with 20 kg N/10a, but decreased
with 22.5 kg N/10a. The RNA contents of per-
ennial rye-grass in the first cutting contim;led to
increase with increased nitrogen application,

Vol. 16 No. 1, 2
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Table 6. Carotene contents of westerworlds and peren-
nial rye-grasses in the first and second cutt-
ings (%)

Westerworlds ~ Perennial
Amount of N 1Ye-2Tass Tye-grass
?fglﬁg?wa) 1st 2nd 1st 211c.1
cutting cutting cutting cuiting
0 0.355 0.334 0.365 0,371
2.5 0.410 0.406 0.437 0.443
5 0.525 0.503 0.550 0.537
7.5 0.682 0.623 0.679 0.689
10 0.633 0.735 0.767 0.750
12.5 0.797 0.788 0.784 0.797
15 0.844 Q.853 0.821 0.846
17.5 0,896 0.893 0.883 0.899
20 0.958 0.964 0.936 0.943
22.5 0.969 0.970 0.981 0.959

and second cuttings. For-beth rye-grasses, chloro-
rhyll and carotene continued 1o increase with
increasing mnitrogen in soils, or appears to have
approached a maximum with no evidence of a
decrease when subjected to 22.5 kg N/10a. Fuku-
naga(1967) reported that carotene content was
higher with the top-dressing plot of nitrogen than
with the non-topdressing plot, while carotene
contents in rye-grasses were mosily parallel to
crude protein contents. Lee and Lee{1968) reported
that when Chlereila celis were grown in a Mg-free
medium, the contents of phosphate in the DNA
protein, RNA-polyphosphate complex, nucleo-
tidic-labile P, and PCA-soluble fractions decreased
Table 7. Totsl phosphorus contents of westerworlds and

perennial rye-grasses in “the first and second

Chang—Effects of Nitrogen Nutrient in Rye-Grasses

as compared with those of the control.
It is shown that perennial rye-grass absorbs
more phosphorus than westerworlds rye-grass

‘(Table 7). The lower molecular weight phosphorus-

fractions found in westerworlds and perennial rye~
grasses are shown in Tables 8 and 9. The acid-
soluble phosphorus fractions extracted with 0.2.
N PCA at 4°C includes inorganic phosphate,
sugar phosphates, various free nucleotides,.
phosphoglyceric acid, thiamine pyrophosphate,.
and phosgphoryl choline, Increase in application
of nitrogen increased the phosphorus contents
of the acid-soluble fractions but application of’
22.5 kg N/10a decreased these contents in perennial
rye-grass in the second cutting. Phospholipids
are the fractions soluble in lipid solvents(alcohol
and ether), and include phosphatides. For rye~
grasses in the first and second cuttings, the amounts
of phospholipids increased to a maximum with
an application of 20 kg IN/10a, but decreased with.
22.5 kg N/10a. The contents of the acid-soluble
phosphorus and phospholipid fractions were
higher with perennial rye-grass than with wester-
worlds rye-grass. Both rye-grasses in the first.
cutting appear to accumulate greater amounts of
prhosphorus in both fractions at low applications
of nitrogen than those in the second cutting.
However, these forage crops were more adversely-
affected by high nitrogen. Because both the acid--

Table 8. Phospholipid contents of wssterworlds and.
perennial rye-grasses in the first and second.

cuttings (ugP/mg cuttings(ug P/mg)
Westerworids Perennial Westerworlds Perennial
Amount of N Iye-grass rye-grass Amount of N Iye-grass TYe-grass
e ay— s - —20d It 2nd | “Uheayiom) 1St 2nd 15t 2nd
cutting cutting cutting cutting o cutting - - cutting —-gutting.... cutting,
0 2.24 2.20 2.34 2.33 0 0.30 0.27 0.33 0.33
2.5 2.81 2.79 3.10 3.07 2.5 0.46 0.45 0.48 0.45
5 _.'5:40H 3.35 3.85 3.80 5 0.50 0.49 0.53 0.51
7.5 399 0 376 4.49 4.51 7.5 0.55 0.57 0.61 0.64
10 4.55 4,27 4.99 5.04 = 10 0.62 0.60 0.72 0.79
12.5 4.87 4.65 5.41 5.48 12.5 070 - 0.68 :- 0.83 0.87
15. 5.12 5.02 5.90 5.91 15 0.84 0.81 0.96 0.98
17.5 6.03 5,39 6.18 6.26 17.5 0.95 0.93 1.02 1.06
20 6.14 5.91 6.25 6.30 20 1.06 . 1.01 1.10 1.13
22.5 6.15 5.80 6.21 6.24 22.5 1.00 0.99 1.05 1,12

—35 —



Mar., Jun. 1973

while in the second cutting, these contents in-
creased to a maximum with 20 kg N/10a but

Table 10.. DNA contents of westerworlds and perennial
rye-grasses in the first and second cuttings
(ug DNA/mg)

Westerworlds Perennial

Amount of N Tye-grass rye-grass

ap&lga%/loa) 1st 2nd 1st 2nd
cutting cutting cutling cutting

0 0.51 0.45 0.58 0.56
2.5 0.57 0.48 0.63 0.60
5 0.64 0.59 0.75 0.74
75 0.78 0.62 0.84 0.88
10 0.85 0.75 0.97 1.00
12.5 " 0.96 0.83 1.03 1.06
15 1.13 1.04 1.19 1.25
17.5 1.20 1.18 1.27 1.29
20 ©o1.28 1.23 1.31 1.34
225 1.30 1.27 1.33 1.35

decreased with 22.5 kg N/10a. It suggests that
there is the relationship between RNA contents
and plant growth.

According to the result of this investigation,
the author has found the correlation between RNA
and plant growth. The correlation coefficients
between yields, in terms of weighed growth, and
crude protein contents, and crude protein and
RNA contents in the above-ground parts of
westerworlds and perennial rye-grasses were 0.974,
0.936, 0.989 and 0.945, respectively. This result
shows that RNA plays an improtant role in protein
synthesis, cell division, cell formation, tissue
differentiation and plant growth. As shown in
Fig. 4, the correlation coefficients between yields
and RNA contents of wesierworlds and perennial
rye-grasses were 0.947 and 0.935, respectively.
These simple regression equations were given in
Figs 2, 3 and 4. However, West(1962) has suggested
that RNA is accumulated under reduced growth
conditions with corn. The direct relationship
between growth and the RINA content shown by
Alie-Zade(1959) for tea, Bobryshéva and Oknina
- (1962) for currant, and Chang(1972) for alfalfa
and orchard-grass appears to hold also for wester-
worlds and perennial rye-grasses.

As shown in Table 11, DNA increased with

Chang—Effects of Nitrogen Nutrient in Rye-Grasses

increasing nitrogen appilcation. Vaietal differences: .
the ni DNA contents of both ryve grasses in the:
first and second cuttings were apparent, and there
was no iridication of a decrease in either rye-grass.
with high' nitrogen application. From these
observations, the DNA content seems more or
less independent of growth, not affected by high
nitrogen supply. Since DNA is present in chromo-
somes, and every somatic cell, regardless of its.
type, has the same amount of DINA in its nucleus,.
a slight increase in the DNA content with increas-
ing nitrogen in soils might be due to an increase.
in the mumber of cells per unit weight. However,
it is sure that the DNA activity in the plant in-
creases with the increasing nitrogen concentration

in soils. Furthermore, RNA synthesis does not

cccur without the prasence of template DNA.

DNA exerts its control principallf/ by specifying
the synthesis of particular protein molecules..
RNA plays a central role in this highly regulated.
process. The overall pattern of relationship between
the environmental factors and plant growth may-
be schemalized as follows:

Activation
Replication Transcription
Environmental factors +DNA. >
Acceleration '
Translation Construction
RNA ——— Protein ———— Plant growth
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k] 20kegN/10a Edl A4 713 =93 22.5kgN/10a
Eell A ArEt perennal rtye-grass & — AR
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