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“Effect of nitrogen fertilization on the crude protein and
total carbohydrates yields of 6 Orchardgrass varieties. ”

By

Jusam Lee, Jiro Abe* Kanji Gotoh.

Faculty of Agriculture, Hokkaido University.
* Hokkaido National Agricultural Experiment station.

Orchardgrass (Dactylis glomerata L.) is grown throughout Hokkaido as pasture and hay
grass. Information about the effects of N fertilization and cutting management on dry
matter, crude prtein and total carbohydrates content in leaf bases of orchardgrass varieties is
necessary for it’s management, especially with reference to crude protein and TAC (total
available carbohydrates) content. The effect of nitrogen fertilizer on yields and protein
production (1,2, 4, 5, 6,7, 8,9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 22) and on carbohydrates (3, 10,
18, 21) had been studied by many investigators. The review of recent literature reported
that, in general increase in yield have been accompanied by increases in the percentage of
crude protein forage and increasing level of N fertilization generally results in a reduction in
carbohydrate level in the storage organs.

Holmes (14) have shown that the response to N in dry matter yield is almost linear over
the range 0—300kg N/ha, where the N is appled at intervals during the season and that the
response 1s still substantial up to at least 400 kg N/ha (4, 15).

According to Donohue et al. (7), dry matter vield was increased up to 336kg/ha of applied
N. At the higher N rates, yields leveled off or declined, apparently due to stand reduction by
nitrogen. Fertilization also increases total N content of orchardgrass. Mortenson (16) noted
the efficiency of N fertilizer in crude protein production was constant, regardless of N rate or
cutting frequency, and yield response was almost linear up to about the 300 pound N level
with 5 cuttings and up to the 200 pound N level with 3 cuttings. The percent of cude protein
in the forage was directly related to N rate.

Willhite, Rouse and Miller (22) studied the effects of N fertilization on crude protein
production of grass meadows, and observed that 179kg/ha or more of N was necessary for
significant increase of crude protein production in the year N was applied. Crude protein/ha
was increased by increasing N rates to 717kg/ha.

Scholl, McIntosh and Fredrick (17) applied N as ammonium nitrate to orchardgrass at the
rate of 0, 45, and 90kg/ha of N the first vear of a 2—year study, then orchardgrass yields
incresed signficantly with each added increment of N. The highest nitrogen content
obtained at the first cutting and nitrogen content of the forage increased with increasing
rates of N and was greater in the second harvest than the first.

Dotzenko (12) evaluated 5 orchardgrass varieties in Colorado. Results indicated forage
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yield were closely associated with the amount of N applied, with most variety showing
increased vyield of the higher rates of N with early maturing varieties (19).

Davis (6) evaluated yield and protein content of 40 orchardgrass varieties in British
Columbia. He found that medium-maturing varieties had the highest protein production and
dry matter yield per acre.

Burton and DeVane (2) applied nitrogen from 4 sources at the rate of 50, 100, 200, and 400
pounds of N per acre, to coastal burmudagrass. Crude protein content was increased from
7% in unfertilized hay to 139% by appling 400 pounds of N annually.

The N content of the herbage is negatively correlated with duration of growing (20) and
positively correlated with the level of N applied.

Griffith et al. (11) reported that TAC levels were reduced by increased increment of
applied fertilizer N. Colby ef al. (3) showed at the initial harvest highly significant
reductions in TAC were produced by high levels of N and by early cuttings. At the high
levels of N fertilization quite the opposite was true for the application of N consistently
lowered the levels of TAC. White ef al. (21) noted that the TNC (total nonstructural
carbohydrates)level of clipped plants at all sampling dates was less than that of unclipped,
and the seasonal variation of TNC, however, was similar for both treatment. The TNC of
clipped plants decreased to a low of 9% on July 10, which was 12 days earier than the lowest
TNC level in unclipped plants. The TNC of clipped plants increased similarly to unclipped
plants after July 22. The TNC level of clipped plants on all N treatment decreased following
autumn growth. The decrease of TNC was greater in plant not fertilized or fertilized with
70kg of N than in plants fertilized with 140kg of N.

Sullivan (18) showed the production of the aftermath of orchardgrass was not dependent
on the carbohydrates content of the leaf base. Nitrogen fertility has long been known to
stimulate growth which is accompanied by a reduction in carbohydrates (10).

The object of this investigation was to evaluate the response of 6 orchardgrass varieties
grown under different cutting systems and different nitrogen fertilizer levels with respect to
yields, crude protein and TAC content under environmental conditions of Hokkaido.

Material and Methods

The present experiment was conducted basing on the materials of the previous experi-
ment by Abe and Gotoh (1) in 1970.

The 6 orchardgrass varieties used in previous study were Kitamidori, Latar, Masshardy,
Pennlate, Phyllox and Potomac. Ammonium sulfate at the rate of 20, 40, 80, 160, and
320kg/ha/yr were applied in three equal doses. In hay type management, just before growth
in the spring and immediately after the first and the second harvests the fertilizers were
applied. The first application was made in early spring with subsequent application
immediately after second and fourth cutting in pasture type management. The cuttings
were made with respect to optimum yiled and quality. A uniform application of 240kg P/ha
and 200kg K/ha were made at the time of N application.

In the 2 cuttings treatment, the first cutting (2— 1) was made for early heading varieties



on June 5, and for late varieties on June 11 and the second cutting (2— II) was on Aug. 27
in all varieties. Dates for 4 cuttings treatment were on May 25 (4— 1), July 6 (4—1I), Aug.
6(4— 1) and Sept. 28(4— V), in 1970.

These samples were taken approximately 5cm above the ground level including leaf and
stem tissue. After recording the fresh weight, the samples were dried to constant weight in
a forced air oven at 80°C for 48hrs. Then they were finely grinded and sealed in plastic
bottles and stored at room temperature. Total carbohydrate content was measured by the
Shaeffer-Somogyi tiltration method and results were reported as a mg/g of dry weight using
a glucose standard. TAC yield was calculated by TAC content mg/g x dry matter vield.
Samples were also analyzed for N by the semi-micro Kjeldahl procedure from which crude
protein was calculated (9% total N x 6.25= 9% crude protein) and crude protein yield was
calculated by crude protein content % x dry matter yield.

Results and discussion

The average yields of the 6 orchardgrass varieties under different N levels and cutting
frequency are shown in Fig. 1.

In the previous experiment, there were significant differences for fertillizer, varieties,
cutting frequencies and interactions of N x cutting and variety x cutting, while those of N x
variety was not significant.

1. Dry matter yield.
The response curves of yields were e
almost stmilar with two cutting systems.
In 2 cuttings with maximum N dose
(320kg/ha), it seemed to have reached the
highest value, but in 4 cuttings there was

linear relationship up to 320kg/ha. The
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mean yield of 6 varieties, however, in-
creased by 22kg DM/kg N under 4
cuttings and 27kg DM/kg N under 2
cuttings, respectively (Fig. 1). These
results were in agreement with the con- 0
clusions obtained before (5, 13).
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Dry matter yield 100kg/ha/yr.
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2. Crude protein content.

Average contents of crude protein for ) ) .
N fertilization and cutting frequencies are %0 N aioﬁaea kg/ha/yr.aoo
given in Fig. 2. Fig. 1. Effect of N rate and cutting frequency on
The crude protein content of the dry matter yield of 6 orchardgrass
orchardgrass ranged from 13.19% to 21.2% varieties. (Abe & Gotoh, 1975)
for 4— 1, from 879 to 11.8% for 4—1I,
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Crude protein content %

100 200 300
N applied kg/ha/yr.

Fig. 2. Effect of N rate and cutting frequecy on the crude protein content of 6 orchardgrass
varieties. (N was applied before the cutting of 2- I, 2-1I, 4- 1 and, 4-1Ii)

from 12.79% to 17.49% for 4—1II, and from 11.49 to 12.39% for 4— IV in 4 cuttings and from
7.6% to 11.89 for 2— 1, from 8.49% to 12.3% for 2— 11 in 2 cuttings, respectively.

Maximum content of crude protein (4—1) as obtained at the 320kg N/ha level. The
crude protein content of orchardgrass increased with increasing rates of N and was greater
in 4 cuttings than 2 cuttings.

The total nitrogen absorbed from the soil was translocated to the leaves for metabolism.
But at the time of first cutting, the nitrogen in the leaves, perhaps was not greatly trans-
located to other plant parts. While, late on during subsequent cuttings, the nitrogen from
the leaves might have translocated to other parts, so there were higher percentage of nitrogen
in the leaves during first cutting than the subsequent ones.

In 4 —1I, no nitrogen was applied before cutting, while in 4 — I nitrogen was applied
before cutting. So, the crude protein content was higher in 4— 1.

In 2 cuttings the time interval was long, so the crude protein content was lower (20).

The content of crude protein in 4—1I was increased in 4 cuftings by additional N
application before cutting. The trend of crude protein content in 4— IV was almost constant
under all N levels, but was still better than the crude protein content of 2 cuttings. The
reason for this low crude protein in 4— IV may be orchardgrass plants utilized only the
residual effect of N, as there was no nitrogen application before cutting.



3. Crude protein yield.

The efficiency of N fertilization on crude protein yield and dry matter yield was practi-
cally the same with both cutting frequencies, as shown in Figure 3.

Moreover, the linear relationship between N applied and crude protein yield indicated
that there was no decrease in efficiency of crude protein yield up to the highest rate of N
applied.

The yield of crude protein shows a close relation with the amount of N fertilizer applied
as all varieties showed marked increase in yield with increased rates of fertilizer. All the
varieties of 4 cuttings showed only slight increase in crude protein yield from 20kg to 160kg
N level. Especially, significant differences were found among the 6 orchardgrass varieties
in the crude protein yield.

The high production of crude prtein by the Potomac and Kitamidori varieties can be
attributed in part, for their early maturing habit.  Early maturing varieties showed high
yields in this experiment. But, the Phyllox variety yielded the lowest crude protein through
the cutting frequencies.

The crude protein yield and dry matter of Latar variety was high with 2 cuttings, but it
was low with 4 cuttings. The reason for this may be that the growth capacity after cutting
was poor. In contrast, the yield was more with 2 cuttings than with 4 cuttings in Masshardy.
The crude protein yield with 2 cuttings
was more than 4 cuttings up to 320kg N '6
level. So the lesser the number of
cuttings, the more the crude protein yield.
But the mode of curve indicated that 2
cuttings had almost reached the limiting
(critical) level at 320kg N/ha, while 4
cuttings showed almost linear tendency

4. DM yield

even up to 320kg N level.

The regrowth time between cuttings
was longer in case of 2 cuttings than that
in 4 cuttings. So the varieties could get

>

more time for utilizing the N from soil, so
2 cuttings yielded more. Average of

crude protein yield was increased by
2.93kg per kg N under 4 cuttings and
3.03kg per kg N under 2 cuttings. These
results suggested that the less frequent

Dry matter yield(1,000kg) & Crude protein yield (100kg/ha/yr. )

1 101 1 100 200 300
harvest improved the efficiency of N in N aopied ke/ha/se.

terms of dry matter production but had Fig. 3. The relationships between crude protein

negligible effect on crude protein yield vield and dry matter yield under different N
(16). fertilization.
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4. TAC content

The extent to which the increased rate of N application affected the TAC content in
orchardgrass in the 2 and 4 cuttings is shown in Figure 4.

Generally, at high level of N fertilization consistently lowered the content of TAC. In
this experiment, the TAC content of the orchardgrass under a low level of N during the
growth seasons was exellent with a negative relationship. The reasons may be the high
internal N provided a ready supply of organic N for leaf growth and axillary bud development.
Concurrently, the high amounts of N would provide a sparing effect on the low content of
carbohydrates. Especially, at the initial there was highly significant reduction in TAC
content at high levels of N and early cutting.

The reducing rates were from 97.5mg to 78.7mg/g in 2 cuttings and 90.2mg to 59.5mg/
g in 4 cuttings by the increments of N applied from 20kg to 320kg/ha N in first cutting,
than during other cutting frequency. But, the TAC content of the leaves of 4— II increased
slightly during the growth period from May 25 to July 6. The highest content of this cutting,
was 87.5mg/g around 160kg N level. The reason for this may be the increasing of regrowth
period (cutted 40 days later), especially after the first cutting, and it should provide a
favorable effect on increasing of the content of TAC. But the 2—IT and 4 —1III had reduced
TAC content from 81.7mg to 76.1mg/g and 76.3mg to 72.8mg per g, respectively, by increase
of N fertilizer. It may be postulated that there is generally an inverse relationship between
additional fertilization and reserve total carbohydrate content of leaves in orchardgrass.

90
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100 700 300
) N applied kg/ha/yr.
Fig. 4., Effect of N rate and cutting frequency on the TAC content.



5. TAC yield.

TAC yield responds positivety
to the N applied, as shown in
Figure 5. The peak had reached
around 280kg N level per hectar

yield

yield

Lol
o0
el

with 2 cuttings but 4 cuttings
showed a linear trend even up to
320kg N level.

TAC was produced by 2.99%g
per kg N under 2 cuttir{gs,whereas
1.90kg per kg N under 4 cuttings.

2. TAC yield

. 4. TAC vield
The trends of response curve of N e

applied with protein yield and TAC
yield were similar (Fig. 5).

There was significant positive
correlation between TAC yield of
first cutting and dry matter yield of
second cutting from 2 cuttings r = 2t
0.9390* (p<0.05) and TAC vyield of
the second and dry matter yield of

Crude protein yield & TAC yield (100kg/ha/yr.)

i i ) 700 200 300
the third cutting from 4 cuttings, N applied kg/ha/yr.
r = 0.9735* (P <0.01). Fig. 5. Effect of N rate and cutting frequency on
Additional N fertilizer was the crude protexr} ¥1eld and TAC yield in 6
. . . . orchardgrass varieties.
applied after first cutting in 2
cuttings, and after second cutting in 4 cuttings. Thus, the increased amount of TAC may
stimulate the N availability.
Such correlation value was not significant for first cutting in 4 cuttings, even though the
“r” value (r =0.8464) was high. The early and late blooming habit of varieties may influence
the final result. Also, such correlation value was not significant for third cutting, even
though the “r” value (r=0.8711) was high.

Summary

This study was conducted basing on the materials of the previous experiment by Abe
and Gotoh in 1970.

Samples were taken from these materials and analyzed for crude protein and TAC
content in 1975.
The results are summarized as follows :
1. The crude protein contents of all varieties were increased by increment of N fertilization
in both cutting frequencies.

29
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2

3.

4,

. The crude protein yield of 2 cuttings had almost reached the limiting(critical) level at 320

kg N level, and 4 cuttings showed linear tendency even up 320kg N level. Average of
crude protein yield was 3.03kg under 2 cuttings and 2.93kg under 4 cuttings per N kg,

respectively. There was a significant difference in crude protein yield between

orchardgrass varieties (P<0.05). The highest yield of crude protein was obtained in
the Potomac variety.

TAC content was negatively related with N applied, but the TAC content of 4—1I was
slightly increased up to 160kg N level.

TAC yield showed significant positive correlation between N fertilization. The peak had

reached around 280kg N level per hectar with 2 cuttings, but 4 cuttings showed linear
response up to 320kg, directly. The production of TAC was 2.99kg under 2 cuttings and
1.90kg under 4 cuttings per kg N, respectively. There was signficant positive correla-

tion between TAC vield of 2— 1 and dry matter yield of 2—II, and TAC yield of 4— 11

and dry matter yield of 4—1II.
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