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Studies on Chemical Composition and Feeding Value
of Forage Crops ‘

(XVI) Effects of Nitrogen Fertilization on the Solubility
and Digestibility of Nitrogen in Grass
Hay

Takashi Miakr
(Laboratory of Amnimal Nuiriiion)

The effects of nitrogen fertilization on the solubility and digestibility of the total
nitrogen in forage crops were studied on hay of Italian ryegrass (Lolsuem maeliiflorunt)
and of Digitalia cilzaris. The samples used were collected at various growth stages
from pre-booting to heading, and the samples were extracted successively with water,
0.3 % NaOH and hot-alkaline-alcohol solvents, then the total nitrogen in the extracted
fractions was determined. Only of Italian ryegrass hay harvested at pre-booting stage
the digestibility of total nitrogen in each fraction extracted with water, 10% NaCL,
70% alcohol, 0.3% NaOH and hot-alkaline-alcohol solvents was determined by digestion
trial using rabbits. As to the other samples the digestibility of total nitrogen was
determined directly without the extraction with rabbits or sheep.

The resulis obtained are as follows :

1) In Italian ryegrass hay harvested at pre-booting stage, the hot-alkaline-alcohol-
soluble total nitrogen showed the highest digestibility, and the water-soluble total
nitrogen was the second.

2) In all samples, the total nitrogen was distributed mostly in both the hot-alkaline-
alcohol-soluble and the water-soluble fractions. The ratio of the hot-alkaline-alcohol-
soluble total nitrogen to the sum of total nitrogen in each extracted fraction containing
the insoluble fraction increased with increase of nitrogen fertilization, and consequently
more than half of the total nitrogen was extracted with the hot-alkaline-alcohdl solvent.

3) The ratio of total nitrogen in the extracted fractions of hay under the high level
of nitrogen fertilization to those under the low level of nitrogen was about 200% for
both the hot-alkaline-alcohol-soluble and the insoluble fractions, followed by 187% for
the water-soluble fraction and 35% for the 0.3% NaOH-soluble fraction which was the
lowest. ‘

4) The hot-alkaline-alcohol-soluble total nitrogen was highly correlated with the
crude protein digestibility, and its correlation coefficient was 0. 767 (P <0.01).

5) The above results seem to suggest that improvement of crude protein digestibility
in hay by heavy nitrogen fertilization was due to an increase in a more digestible total
nitrogen in the hot-alkaline-alcohol-soluble fraction. )
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Table 1. Samples collected

Sample Levelof N applied  Date Growth stage  Digestion Digestibility (%)
No. Speci itr (kg/102)  cuth hen harvested  animal Dy Crude
o. pecies  mitrogen g/102) cutting when harvestec anima, matter  protein
1 High 36 April 22’69 Pre-booting 72.0 80.4
Low 12*% 1 st cutting 71.8 65.3
9 High 9 May 30’69 Early headn%g 50.1 72.4
Low 3+ 2nd cutting 545 66.3
Italian High 3g** Early heading*** 48.7 62.0
3 Ma; 6’72 .
rvegrass  Low gee Y 9nd cutting ~ Rabbit 453 543
4 High 39 May 13’72 Heading 54.9 74.8
Low ok 2nd cutting 55.6  52.0
H kK H Fokksk
5 High 24 May 2372 Heading ‘ 62.2 68.7
Low 6%* 2nd cutting 62.2 42.8
Sheep
5 Digitalia High 20 July 27 70 Heading 62.1 68.9
ciliaris Low 5% 1 st cutting 62.2 60.6

# Applied as basal fertilizer

#* Applied as additional fertilizer immediately after the 1 st cutting
#x% The 1 st cutting was made on April 24
#xxx The 1st cutting was made on April 20

EXRHEER HEREL Ilmm OFEZEBETAASICHBBR LT BEERICH K., B
®& LTHEEK, 0.3% NaOH, 0.3% NaOH 60% 7o a—10 3EHES BlL, 10% NaCl
BLUOTWO% Tva—nZ, TOBRATERINZIEZDSTLBOOTROERE BNTE
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Table 2. Effects of nitrogen fertilization on the digestibility in the extracted fractions
in Italian ryegrass hay harvested at pre-booting stage (%)

: Hot-alkaline
Level of Total* - Water- NaCl- Alcohol- NaOH-
nitfrogen nitrogen soluble soluble soluble soluble ?;fggfel' Insoluble
High (A) 80. 4 80.8 5.0 70.1 77.6 88.3 70.6
Low (B) 65.3 65.5 44.3 53.0 62.5 70.1 56.0

Difference
(A—B) 151

* Determined directly without the extraction
For the digestion trial two rabbits were employed

15.3 14.7 17.1 15.1 18.2 14.6
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Table 3. Effects of nitrogen fertilization on the distribution® of total nitrogen in the
extracted fractions in grass hays (%)

Level Distribution of total nitrogen

8 s Total™*
No. of Water-  NaOH- Hot-aﬂ{alme : Recovery nitrogen
nitrogen -alcohol nsoluble Total
soluble soluble soluble

1 High 26.2 17.9 50.7 5.2 100 98.6 3.29
Low 23.7 24. 4 43.7 3.2 100 98.0 - 1.76
o High 23.2 15.5 55.8 5.5 100 97. 4 2.97
Low 25.3 31.6 37.5 5.6 100 98.0 1.71
3 High 25.6 13.7 53.9 6.8 100 100.6 2.97
Low 34.0 20.9 39.9 5.2 100 101.0 1.41
4 High 21.3 16.7 57.9 4.1 100 96.0 2.55
Low 19.8 19.8 56.8 3.6 100 97.2 1.35
5 High 22.6 17.0 56.7 3.7 100 94.2 2.09
Low 23.9 23.9 47.7 4.5 100 95.6 1.30
6 High 24.7 10.5 56.7 81 100 100.1 104
Low 23.7 12.5 54.6 9.2 100 9.9 1.10

# Expressed as percentage of the sum of total nitrogen in each extracted fraction containing
insoluble fraction
#+ (Sum of total nitrogen in the extracted fractions)/(total nitrogen directly determined) X 100
*+% Determined directly without the extraction
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Table 4. Rate* of increase in total nitrogen in the extracted fractions in the hays due
to heavy nitrogen fertilization (%)

3 - Hot-alkaline s
No. Zglaligge anlglfie ::(1;1:3}‘01% Insoluble Eﬁ:ﬁlgen
1 207 137 19 300 187
2 225 120 171 238 172
3 158 137 284 274 210
4 200 157 190 208 186
5 150 112 187 132 158
6 185 148 183 156 177
Average 187 135 202 218 181

#* Expressed as the ratio of total niirogen in the extracted fractions in the hays under the
high level of nitrogen fertilization to those under the low level of nitrogen
#x The sum of total nitorogen in each extracted fraction containing the insoluble fraction
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