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INFLUENCE OF LEVEL OF NITROGEN FERTILIZATION AND
STAGE OF MATURITY ON CHEMICAL QUALITY AND
DIGESTIBILITY OF GRASS SILAGES

Takeshi Banpn & Tamotsu Tosino
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Table 1 Treatments of nitrogen fertilization
and stage of maturity

““Treatment

Level of b))
Forage Stage of | nitrogen Date of Cutting
species maturity | fertilization
Cg/road |
Booting ‘?-g June 19, 1968
Timothy Tl -
full 15.0
heading 7.5 July 5,
Eal‘ly 10.0 . Junc 13
Orchard heading 5.0
grass Full 10.0
blooming 5.0 | June 29,
Booting I?g June 18,
Mixture " -
ull , 15.0
heading | 7.5 | U 6

a) Harvested from the mixture grassland com-
posed of timothy and orchard grass

b) N, P,O; (8kg/10a) and k,O (10kg/10a)

) was applied as ammonium sulphate, super-
phosphate and potassium chloride, respecti-
vely on May 3,7 1968.
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Table 2 Crude protem and water soluble carbohydrate content of forages ensiled

I I W‘_' Percentage of dry
Forage i Stage of ‘ Level of N | 73’@""’“ of fresh 7mftfnal ' _matter c)
species | maturity ! i a) b) ! WSC/C. prot.
o ,,,i o o Moisture C, prot. W. S. C. 7C’ prot.VV‘rlr. S.C | o
i - ‘ o . .
. ‘ 15.0 83.1 3.3 1.8 19.3  10.5 0.54
§&mm | 7.5 823 27 L7 . 154 9.8 0.64
Timothy T Co S [ B
| Fun 15.0 80.9 2.7 1.7 14.1 8.8 0.62
| heading 7.5 79.1 2.3 1.9 10.8 9.1 0.84
" Early w00 | 836 28 1.7 170 10.2 0.60
Orchard | heading 5.0 8Ly 24 21 ‘7}33 1.6 0.87
grass " Full ‘ 10.0 | 79.8 2.8 1.3 13.8 6.4 0.46
blooming ‘ 5.0 78.5 2.2 1.7 10.0 7.8 ! 0.78
! o 15.0 82.5 2.3 1.8 181 1001 0.56
| Booting | 7.5 81.4 2.9 2.1 154  11.5 0.78
Mixturc \ I ) T Tttt T T o T o "*ik [ e —
| Full 15.0 80.1 2.5 2.0 L12.7 9.8 0.77
. heading 7.5 78.2 2.3 2.5 ©10.7 113 | 1.08
Nitrogen 10.0 or 15.0 | 81.7 2.9 1.7 | 158 9.3 0.59
5.00r 7.5 | 80.2 2.5 2.0 1 12.6 10.2 0.83
Average 1 [ T ot ’7‘
Boot. or early head. ; 82.5 2.9 1.9 16.4 10.6 0.66
Full head. or full bloom. 79.4 2.5 1.9 I 12.0 8.9 0.76

a) Crude protein
b) Water soluble carbohydrate
¢) Ratio of water soluble carbohydrate to crude protein

Hotoo
I H@:ER $re, ABHHTHVBNOKI, AR
1. REROBERBRES KUTBERKESS IZIES, D EENE T LIch ot L
i L, sKisMEasBO R EHM b T Mid R L
Table 2 iZ_T &350, BFHBONKS, HUEER 1o
HERIATEHE LMHNLEBMD T, ThXh 3. HAHBERHUUE

WiimLice BH#rh ORIEMEGOKIEER UTFX FEY—HF AL~ SITONTOLTEE Lice %
WS C XBRETA) (LS D & Al &L TirEE DML, Table 4 (WRT L9 TH B, AL
BRI, BENEBINE TL, Fey—T — ZOMHEI L, seepage DA H DT b

FREORRTH Y, TOMOHEMTILHENDFE N &HBEIAID & C, Th £h @iy R L,
PEGCERRIA IR L 7o, WSCARLHEA spoilage DAL AIELE LY TH - 1o,
Hahktl oy, 1%L, TR 0.5 ¥4 v~ SoHENERIL, BN & BN D
Aoz R, Oz RN e <, NN HE L Ch¥h
2. H4L—-UO{L¥MHaK WA IR L, C ik, Table 5 7s5 HRE,
Table 3 1257kt L0, e — LiREHED Mgk 52, HEHUZ T B AR IEOEHRKD
AT AN E L, pH AK< SBERK S BY-C, WAOBENORRCILLDTHD, LML, ch
VBN OHI&LES, RE VML~ Th, HLOERIMLTH Y, FABE { ERIE B
tot—++—ﬁﬁaxm%ﬁn FiM D BIN O Cdr o Fo

BEN AR TH oo UL, FiMD RENOARE 4, BEHBALHYAIL—-CORBMS
RIZBEHT, BBAH LRy 4L~ ¢ Table 5 (R4 & kD, ENOREFHIIBNGZ



42 it PERRGUIGE Y 21 %5

Table 3 Average chemical quality of silages

a)
Forage Stage of | Level Acid (%) b) c) d)
h . pH |— - — VBN/T-N WTN/T-N
species maturity of N Total Lactic C, C, c, C, Mark / % %)
. 15.0 | 3.97} 2.08 1.87 0.21 0 0 0 100 5.7 62.6
Booling 7.5 | 4.17] 2.05 1.56 0.43 0.06 88 9.5 62.7
Timothy -
Full 15.0 | 3.89] 2.41 2.02 0.39 0 0 0 100 9.7 52.7
heading 7.5 §3.80] 1.89 1. 0.34 0 0 0 95 7.7 47.0
Earl:_r 10,0 (4.24] 2.24 1 0.63 0.24 0 0 80 8.5 57.2
heading 50 14.78} 1.50 O 0.27 0.11 0.78 0 20 17.9 68.6
Orchard
grass Full 10.0 |3.83| 1.8¢ 1.48 0.29 0.02 0.05 0 80 5.5 49.4
blooming 50 3.8 1.6 1.63 0 30 0 0.03 0 85 4.7 46.9
Booting 15.0 3.82| 2.8 2 () 30 0.03 0.14 O 85 6.3 57.4
7.5 | 4.01 2.23 1 0.37 0.06 0.24 0 73 8.4 57.6
Mixture
Fult 15.0 | 3.74| 2.34 1. 0.41 0.01 0.02 0O 90 8.7 47.6
heading 7.5 |3.75) 2.22 1. 0.38 0 0.01 0O 90 6.9 44.6
Nitrogen 10.0 or 15.0§ 3.92| 2.30 1. 0.37 0.05 0.04 O 89 7.4 54.5
5.0or 7.5/4.08§ 1.98 1. 0.35 0.04 0.18 0 75 9.2 54.6
Average
Boot. or early head. 4.17 | 2.16 1 0.37 0.08 0.19 0 7 9.4 61.0
Full head. or full bloom.! 3.83 | 2.11 1 0.34 0.01 0.02 0 g0 7.2 48.0

a) Percentage of fresh matter

b) Estimated by Frize's standard based on the molecular ratio of organic acid

c) Ratio of volatile basic N to total N
d) Ratio of water soluble total N to total N

Table 4 Final distribution of ensiled fresh material and dry matter

Dry matter :‘il;ierlll'ﬁlgt of ensiled fresh I’mentage of ensnled dry matter
Forage | Stage of | Level of | of fresh LA
species | maturity | N materials Undeter- a) Undeter-
(kg Spoilage Seepage Silage mines Spoilage Seepage Silage mines
. 15.0 69.3 0.3 9.9 88.8 1.0 0.3 3.5 87.6 8.6
Booting 7.5 72.6 0.7 7.1 90.4 1.8 0.7 2.2 83.9 13.2
Timothy e
Full 15.0 68.8 0.6 5.8 91.9 1.7 0.4 1.6 86.3 11.7
heading 7.5 71.1 2.8 0.9 94.4 1.9 2.5 0.1 83.3 4.1

a) Calculated by using VFA-corrected dry matter value
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Table 5 Chemical composition of forage% and snlages

! ‘ Percentage of fresh material Percentage of dry matter
Forage ‘Stage of | Level Sample - — - =l e -
species |maturity. of N Mois. DM Correct Prot. Fat Fiker NFE Ash | Prot. Fat Fiber NFE Ash
ed DM
i 15.0 [at Ensiled| 83.1 16.9 — 3.3 0.8 4.1 7.4 1.3| 19.3 4.5 24.1 44.7 7.4
] 5.0 1at Fed 83.6 16.4 16.6 3.5 1.0 4.4 6.3 1.2| 21.65.8 27.1 38.2 7.3
Booting |-——— = C e e e e
;5 lat Ensiled| 82.3 17.7 — 2.7 0.7 4.5 8.5 1.3 15.4 4.2 25.3 47.6 7.5
5 'at Fed 84.2 15.8 16.2 2.7 0.9 4.8 6.0 1.4 ' 17.1 5.5 30.2 38.2 9.0
Timothy — e S S e e S : e
" 5.0 at it Ensiled| 80.9 19.1 — 2.7 0.6 5.9 8.5 1.4 14.13.330.0 44.5 7.2
pan 20 a t Fed 82.0 18.0 18.3 2.7 0.8 5.8 7.3 1.4| 14.8 4.5 32.4 40.4 7.9
heading | s5 lat Ensiled| 79.1 209 — 2.3 0.7 4.910.5 1.5| 10.8 3.2 28.4 50.2 7.4
‘ |at Fed 81.5 18.5 18.7 2.3 0.8 6.5 7.4 1.5| 12.6 4.3 34.9 40.2 8.0
| . [ [
i } 10.0 \at Ensiled| 83.6 16.4 — 2.8 0.8 4.5 7.0 1.3| 17.0 4.7 27.6 42.6 8.1
Early | Ln Fed 84.8 15.2 16.0 2.9 1.0 4.3 5.6 1.4| 19.2 6.5 28.2 36.8 9.3
%hea‘“"g’ 5.0 \at I:nsued 81.9 18.1 — 2.4 0.8 5.0 8.3 1.6 13.3 4.2 27.5 46.0 9.0
drd 50 At Fed 85.0 15.0 15.9 2.5 0.8 4.8 5.2 1.7| 16.7 5.6 32.0 34.3 11.4
Orchard | 1 il " Y e B A v
grass 10.0 at Ensiled 79.8 20.2 - 2.8 0.9 6.3 8.4 1.8| 13.8 4.4 31.3 41.7 8.8
Full 0 at Fed 80.6 19.4 19.6 2.9 0.9 6.1 7.6 1.9] 15.1 4.5 31.2 39.2 10.0
bloom- I T e Tt T T
ing 5.0 iat Ensiled| 78.5 21.5 - 2.2 0.9 6.6 9.9 1.9| 10.0 4.2 30.8 46.0 9.0
DU jatFed | 79.0 21.0 21.2 2.4 1.0 6.8 8.6 2.2] 11.3 4.8 32.5 41.1 10.3
|50 AlEnsiled 825 175 — 3.2 0.7 4.6 7.6 1.4| 18.1 4.2 26.0 43.6 8.1
5.0 .4 Fed 82.8 17.2 17.6 3.3 0.9 5.1 6.6 1.3| 19.05.429.438.9 7.3
Booting |—-— -~ —— — e : -
- Lat Enslled‘ 8l.4 18.6 — 2.9 0.7 5.0 8.7 1.3| 15.4 3.6 26.9 47.1 7.0
7.5 |at Fed | 82.4 17.6 18.2 3.1 0.7 5.3 7.2 1.3 17.4 4.0 30.1 413 7.2
Mixture — - — B -
5.0 at Enqlled\ 801 19.9  — 2.5 0.6 6.1 9.2 1.5| 12.7 3.1 30.5 46.2 7.5
Pl >0 Jat Fed 81.0 19.0 19.4 2.6 0.8 6.4 7.6 1.6| 13.5 4.2 33.7 40.2 8.4
heading |t Eniled| 78.2 218 — 2.3 0.7 6.710.6 15| 10.7 3.3 30.8 46.4 6.8
7 |at Fed 78.9 21.1 2.4 2.5 0.9 7.1 8.9 1.7| 11.7 4.3 33.8 42.1 8.1
iNitrogen 10.0 or at Fnsnlvd 81.7 18.3 — 2.9 0.7 5.2 8.1 1.4 15.8 4.0 28.4 43.9 7.9
15.0 at Fed ' 82.5 17.5 17.9 3.0 0.9 5.3 6.8 1.5| 17.2 5.2 30.3 38.9 8.4
5.0 or 7.5'at Ensiled, 80.2 19.8 — 2.5 0.8 5.6 9.4 1.5| 12.6 3.8 28.3 47.5 7.8
; at Fed 8.8 18.2 18.6 2.6 0.9 5.9 7.1 1.7 14.54.832:339.3 9.1
Average ————— : B — "7 T N
" Root. o early at Ensiled| 82.5 17.5 — 2.9 0.7 4.6 7.9 1.4 16.4 4.2 26.2 45.3 7.9
head, at Fed | 83.8 16.2 16.8 3.0 0.9 4.8 6.1 1.4| 18.5 5.5 29.5 37.9 8.6
' Full head. or  |at Ensiled| 79.4 20.6 — 2.5 0.7 6.3 9.5 1.6| 12.0 3.6 30.5 46.1 7.8
full bloom i"‘ Fed ‘ 80.5 19.5 19.8 2.6 0.9 6.5 7.8 1.7 | 13.2 4.4 33.1 40.5 8.8

a) VFA-corrected DM
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Table 6 Apparent dlg&nbnhty and d:gesuble nutrients of snlageb

; . - Percentage a)
' ! . b) Percentage
Forage | Stage of . Level Sheep Digestion coefficient (%) t of DM ’%fl\forrected
species | maturity , of N No, ; " Correct- ——
| : ' oM MY Prot  Fat  Fiber NFE l TDN DCP|{ TDN DCP
? 1 ! 697 7001 75.9 60.4 76.3 68.7
' 5.0 2 70.6 70.6 76.8 60.9 79.4 68.9
- 3 72.0  72.0 78.6 61.2 80.0 69.7 .
. Ave. ' 70.6a 70.9a 77.1a 60.8 77.6a 69.1ai 72.0 16 /43 lbd
: Booting - S m e e e —_— —_——— e _—
| o 66.2 67.0 70 4 5.1 76.3 62.8 | :
| <5 2 68.1 70.0 72.5 64.7 75.3 65.2 ! |
| 3 70.7 7.4 76.1 64.8 80.9 66.1 |
) Ave.  68.3a 69.5a 73.0b 61.9 77.5a s4.7a1 68.3 12.5 72.2 12.2
Timothy | __ . _. - —_ ‘ L L
: 1 60.0  60.7 64.9 60.9 70.8 53.9 ' !
15.0 2 . 61.6 62.3 65.5 6l.9 73.2 3559 i
P 3 640 646 717 710 74.2 56.5 |
Full 1 Ave. | 61.9b 62.5h 67.4¢ 64.6 72.7b 55°4b| 62.5 10.0, 65.0 10.0
- M 1
heading | 1 | 58.6 58.9 57.3 58.1 69.5 53.4 1
- 2 | 57.2 57.8 60.1 538.0 69.3 50.9 i
42 3 1 60.8 6.4 654 58.9 71.9 54.9 1
; | Ave. | 58.9¢ 59.4c 60.9d 58.3 70.2b 53.1b| 59.1 7.7 60.8 7.5
Early ‘ ' - !
y 10.0 4 | 67.1 68.7 71.5 54.6 74.2 64.1 | 66.2 13.7 74.4 12 9
Orchard- _heading | - —- : -
grass Full 10.0 4 | 57.7 58.2 6.9 42.0 69.2 53.9 | 56.3 9 3 58.4 9.2
blooming | 5.0 4 | 59.4 59.8 53.8 49.3 69.1 60.5 | 58. 8 1; 60.3 6.1

a) VFA volatiled durmg oven drym;, was estimated as digestible.
b) Means having different superscripts (a, b, ¢, d) are significantly (p<{0.05) different (Turkey's
w procedure),

Table 7 Volunl.lry dry matter, TDN and DCP intake of silage on digestion trials

S G Intake  (k T
. g/day) !
Forage Stage of Level | Body weight —‘M"g?—}—— e 2 Ratio of DM
species maturity | of N ‘, Initial  Final . Fresh Dry TDN pecp to body weight
o ! i matter o
Booti I 15.0 ‘ 5.1 37.2 | 4.723  0.791  0.587  0.130 2.13
g 7.5 . 37.2  37.6 4.571  0.744  0.537  0.092 1.98
Timoth: — - - ——- — e
d Full 150 | 3.4 339 2.248  0.400 0.260  0.041 1.19
heading 7.5 | 376 34.4 - 2.274  0.420 0.255  0.033 1.22
&'},’-’ P10.0 56 2 57.7  6.871 1.102 0.820 0.143 1.91
Orchard | CaCiNK. 1 _— - e e e
grass Fuil 10.0 ! 52.3  51.5 3.141  0.609 0.356 0.058 | 1.18
blooming 5.0 | 527 523 3.374 0.691 0.417 0.043 . 1.32

a) Calculated by using VFA-corrected dry matter value
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Table 8§ Nltrogen balance of sheep in dngeﬁuon trials

Percentage of

1 9
Forage Stage of t Level of N ?::g;:gen l }’efcent“agf ?fln'tfke" nitrogen digestible nitrogen
species maturity l Y (g/day) Feces Urine  Retention Retention
| - i
. | 15.0 | 27.0 22.9 68.9 8.2 10.6
Booting | 7.5 | 20.1 27.0 68.7 1.3 | 5.8
Timothy E e : -
Full : 15.0 9.7 32.6 75.2 - 7.8 -11.9
heading i 7.5 | 8.6 39.1 78.8 -17.9 -29.8
Early | |
4 . 32.0 . .0 -1.5 - 2.1
orctand |_headog_ 10.0 % 20 | 285 73 -1
grass Full 10.0 15.0 38.1 69.3 - 7.4 -12.1
blooming 50 | 125 6.2 679 -1l -25.6
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Summary

In this present study, the influence of 2 levels
of nitrogen fertilization Chigh levels---10.0 or
15.0kg/10a vs. low level..- 5.0 or 7.5kg/10a)
on the chemical quality and digestibility of first
cutting timothy, orchard grass and mixture grass
silages was observed in connection with 2 stages
of maturity (early~-cut---booting or early heading
vs, late - cut .- full heading or full blooming).
Silages were made by the direct - cut method
without additives, using small scale experiment
silos.

The results obtained were summarized as
follows ;

(1) The moisture and crude protein contents
of early-cut forages were higher than those of
late-cut forages, and the water soluble carbo-
hydrate content of forages was almost the same
in the fresh materials between early-and late-
cut, The high nitrogen fertilization caused in-
creasing the moisture and crude protein contents
of forages, and decreasing the water soluble
carbohydrate content of forages except timothy.

(2) The chemical quality of those silages

except orchard grass, only in the case of early-
cut and low fertilized, was in high grade. So
it was not always recognized that high moisture
and high crude protein content of forages ensiled
were directly related to bring about poor quality
silage.
(3) The digestibility of DM, crude protein,
crude fiber and NFE of early-cut silages was
more significant statistically ( p<{0.05), and
also they contained more TDN and DCP as
compared with late-cut silages.

The high nitrogen fertilization significantly
improved the digestibility of crude protein (p<
0.05), and caused increasing DCP content of
silages as compared with the low nitrogen fer-
tilization.





