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Summary

Experiments were conducted to study the effect of stage of maturity at harvest on the quality
of silage.

Herbage samples taken from the barley plant, rye plant, wheat plant, oat plant, Orchardgrass,
Italian ryegrass, a mixed grass sward of Orchardgrass and Italian ryegrass and corn plant at differ-
ent stages of maturity and ensiled in order to evaluate the effect of maturity on the chemical
composition and feeding value as well as digestibility using sheep. Forage material were ensiled

in small concrete silo.

1. The dry matter yield per 10a increased with advancing the maturity. Yield of brarley plant
was 404, 635 and 900 kg at heading, milk and milk dough stage, respectively. Rye plant yield
was 279, 589, 708, 1,000, 1,265, 1,376 and 1,492 kg at booting, before heading, early head-
ing, late heading, early flowering, late flowering and after flowering stage, respectively. Italian
ryegrass yield was 355, 613, 844 and 1,109 kg at vegetative, booting, heading and flowering,
respectively. Orchardgrass/Italian ryegrass production was 477, 696, 891 and 1,027 kg at
before heading, heading, flowering and after flowering stage, respectively. Production of corn
plant was 458, 1,252, 1,534, 1,986 and 2,053 kg at tassel, early milk, milk, yellow ripe and

ripe stage, respectively.

2. Dry matter content increased with advancing maturity, but crude protein declined markedly.
The NFE content decreased with advancing maturity of all the herbages except corn plant
where NFE content increased, but corn plant increased. The content of crude fiber increased
with advancing maturity except corn plant. The content of crude ash decreased with advanc-
ing maturity. In the rye plant, the content of neutral detergent fiber (NDF), acid detergent

fiber (ADF) and cellulose increased with advancing maturity.

3. In vitro dry matter digestibilities of the rye plant was 53.6, 54.1, 50.7, 47.1, 44.9, 40.1 and
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38.9% at booting, before heading, early heading, late heading, early flowering, late flowering
and after flowering stage, respectively. The regression equation was Y = 56.22-0.74X +

0.009X? (X = cutting date from the first cut, Y = dry matter digestibilities).

In vitro digestible dry matter yield (kg/10a) of rye plant increased with advancing maturity,
but declined from the flowering stage. The regression equation was Y= 168.88 + 26.09X -
041X2 (X= cutting date from the first cut),

In vitro digestibility of dry matter in the corn plant was 69.2, 71.5, 69.8 and 69.9% at tassel,

early milk, milk and yellow ripe stage, respectively.

The digestibility of crude protein and crude fiber of all plants decreased with advancing

matuity, but NFE of the barley and corn generally increased.

The TDN contents on the dry matter basis decreased, but those of barley and corn silage were
not different. TDN content of barley was 57.8, 57.1 and 57.9% at heading, milk and milk
dough stage, respectively. That of rye silage was 50.0, 47.2 and 43.7% at early flowering,
after flowering and milk stage, respectively. ltalian ryegrass silage was 67.9, 63.7, and 54.9%
at before heading, early heading and after heading, respectively. In case of Orchardgrass
silage the TDN was 54.8, 52.9 and 46.1% at after heading, after flowerirg and milk, respec-
tively. Corn shows TDN value of 59.5, 62.8 and 61.6% at milk, yellow ripe and ripe, respec-
tively.

The pH value increased slightly by advancing maturity.

The content of organic acid decreased by advancing maturity and also increasing the DM con-

tent.
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Table 1. Soil analysis of experimental field.
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Table 2. Yields of the barley and rye plant.

Green mater Dry matter
. Dry matter .
Species Stage of yield yield
P maturity ke/10a Relative % ke/10a Relative
& yield(%) 7 & yield(%)
Heading 2,827+150 86 14.3+0.11 404421 45
(May 12,1975)
Barley Milk 2,547£177 108 17.940.02 635+26 71
plant* (May 21, 1975)
Milk dough 3,273%196 100 27.520.19 90054 100
(May 31, 1975)
LSD 5% 98
1% 140
Booting 2,738+ 88 52 10.240.12 279+ 9 19
(Apr. 10, 1979)
Before heading | 4,563+308 87 12.940.04 589+33 39
(Apr. 15,1979)
Early heading 4,719+291 90 15.0+0.09 708144 47
(Apr. 19,1979)
Rye Late heading 5263 +204 101 19.0£0.45 1,000+39 67
plant** (Apr.27,1979)
Flowering 5,100+ 94 97 24,840.09 1,265+23 85
(May 6, 1979)
Late flowering 5,116+ 81 98 26.9+0.51 1,376£33 92
(May 15,1979)
After flowering | 5,235+177 100 28.5+0.29 1,492150 100
(May 20, 1979)
LSD 5% 100
1% 143

* Mean of 4 replication % standard deviation.
** Mean of 3 replication * standard deviation.
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Fig. 1. Effect of stage of maturity on the dry
matter yield of rye plant.
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Table 3. Yield of the Italian ryegrass and mixture of orchardgrass/Italian ryegrass.

Green' mater Dry matter Dry Tnatter
Speci Stage of yield yield
pecles maturity kg/10a Relative % kg/10a Relative
8 yield(%) yield(%)
Vegetative 2,628+139 51 13.540.14 35519 32
(Apr. 25, 1980)
Booting 4,113+219 80 14.9+0.05 61333 55
Italian (May 5, 1980)
ryegrass* | Heading 5,515+251 107 15.310.24 844438 76
(May 22, 1980)
Flowering 5,135£310 100 21.610.16 1,109471 100
(May 29, 1980)
LSD 5% 88
' 1% 126
Before heading | 2,725+130 75 17.5%9.15 477+22 46
Orchard- (May 11,1974)
grass/ Heading 3,080+150 85 22.6:0.20 696137 68
Italian (May 21, 1974)
ryegrass Flowering 3,580+150 99 24.9+0.31 891141 87
mixture* | (Jun.6,1974)
After flowering | 3,617£170 100 28.4+0.32 1,027+68 100
(Jun. 18, 1974)
LSD 5% 90
1% 130
*  Mean of 4 replication b standard deviation,
Table 4. Yields of the corn plant.
Green matter Dry matter
Stage of yield Dry matter yield
maturity ~Relative Relative
kg/10a yield(%) % Kg/102 yield(%)
Tassel 4,164+501 73 12.5£0.07 521+ 63 28
(Jul. 3,1979)
Early milk 5,962+299 104 19.0+1.00 1,133 57 61
(Jul. 18, 1979)
Milk dough 6,231+499 109 21.4+%1.14 1,333+106 71
(Jul. 28,1979)
Yellow ripe 6,399+729 112 28.7+0.10 1,837+142 98
(Aug. 8,1979)
Ripe 5,7161485 100 32.7+0.45 1,869+184 100
(Aug. 16, 1979)
LSD5% 436
1% 628

Mean of 3 replication * standard deviation.



2. WE2 {t%ay MBS

o AFHE A TR el EptERY #ﬁf)u—“l
U m#lel ol 2= @l Ao ke M %‘?X'J Kol Be], 39, U 9 o EHEH
b @Sy FHIRR 72 £ 59} e
Table 5. Chemical composition of the herbage, DM basis (%)*.
Species Stage f)f Dry Cru(?e Crude NFE Crude Crude
maturity matter protein fat fiber ash
Basl Headig 14.3+0.31 | 13.4:0.20 5.1:0.50 | 47.840.59 | 26.0+0.35 | 7.7+0.09
]:I ::y Milk 17.910.21 | 11.5:0.40 4.5+0.10 | 48.7+1.40 | 27.9+0.80 | 7.4+0.00
plan Milk dough 27.5+0.42 8.2+0,01 3.1+0.1 54.7+0.25 | 27.0+0.20 | 7.0x0.22
R Early flowering 20.320.35 | 10.9+0.00 4.1+0.10 | 42.1£1.15 | 35.4+0.92 | 7.5¢0.30
l:et After flowering | 24.0:0.24 | 9.6:0.00 | 4.8:0.16 | 41.6:0.16 | 37.2:0.00 | 6.8£0.10
plan Milk 33.520.34 7.6£0.10 5.120,10 | 46.6:0.10 | 34.6+0.10 | 6.210.00
Booting 14.7+0.21 | 18.3:0.30 5.2¢0.07 | 39.9+0.21q| 26.9+0.20 | 9.7:0.21
Wheat Heading 17.1:0.34 | 12.4:0.10 | 4.0:0.10 | 48.9:0.38 | 28.3:0.16 | 6.4:0.07
plant After heading 24.1+0.27 | 10.7+0.07 3.620.07 | 47.5+£0.16 | 32.3:0.16 | 5.9+0.10
0: . Early heading 15.1£0.26 | 14.3:0.00 | 5.2¢0.10 | 42.80.90 | 29.10.91 | 8.6:0.10
plan
* Mean of duplicate + standard deviation.
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Table 6. Effect of stage of maturity on the chemical composition of rye plant, DM basis (%)*.

Stage of
maturity | Booting Beff)re Ea:l.y Lat'e Flowering Late . Aftef LSD
. heading heading | heading flowering | flowering | 5%, 1%
Composition
Crude protein
1978 17.1¢0.32(14.5¢0.09 | 12.9+0.13(19.0£0.03 | 10.0:0.10! 8.2:0.06 0.55,0.83
1979 - 13.7+0.07 | 10.8+0.04 | 8.910.09 8.4+0.07| 6.5+0.04 5.9+£0.00| 0.18,0.27
Average 17.1 14.1 11.9 9.9 9.2 7.4 5.9
NDF
1978 37.910.02|41.7:0.01 | 46.5+0.07[49.7+0.59 | 55.0%£0.35}53.6:0.09 0.89,1.35
1979 - 47.6+1.15 | 50.3£1.15[54.120.75 | 52.6+1.07(56.2£0.11 | 52.5+0.34} 2.51,3.72
Average 379 44,7 484 51.9 53.8 54.9 52.5
ADF
1978 20.320.15] 24.7+0.15 | 27.2+0.27]30.7+0.57 | 35.1+0.75134.6+0.45 0.84, 1.27
1979 - 28.3+0.35 | 32.5¢0.17|35.7+0.02 | 33.6+0.20 | 38.3+0.02 | 35.5:0.17| 0.49, 0.72
Average 20.2 26.4 29.9 33.2 344 36.5 35.5
Cellulose
1978 19.1:0.6321.8+1.10 | 22.9+0.07(25.7+0.42 | 28.1:0.06 - 1.79, 2.71| 1.79,2.71
1979 - 25.410.22 | 27.9¢0.75]28.910.24 | 27.9:0.11 (30.4+0.12 | 27.0+0.44| 1.06, 1.56
Average 19.1 23.6 254 27.3 27.9 29.3 27.0
Crude ash
1978 12.3:0.27| 10.740.11 8.8¢0.09 | 8.5:0.15 7.94¢0.12 | 17.3:0.04 - 0.44,0.67
19791 - 10.6:0.13 9.2+0.30| 9.3:0.10 8.7£0.04 | 7.5+0.04 6.8+0.02| 0.56, 0.84
Average 12.3 10.7 9.5 8.9 8.3 7.4 6.8
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* Mean of duplicates + standard deviation.
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Fig. 2. Effect of stage of maturity on the

chemical composition of rye plant.
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Table 7. Chemical composition of the herbage, DM basis (%)*.

. Stage of Dry Crude Crude NFE Crude Crude
Species maturity matter protein fat fiber ash
lalian | Beforeheading | 15.9+0.23 | 16.1x0.14 | 5.2+0.10 | 41.5:0.21 | 28.610.24 | 8.6:0.10

Heading 18.1:0.31 | 14.2£0.16 | 5.1:0.10 | 39.7+0.31 | 32.6:0.19 | 8.4:0.16

TYOBTASS | After flowering | 22.1:0.25 | 11.9:0.12 | 4.3:0.14 | 39.6:0.29 | 39.6:0.31 | 8.2£0.10

Orchard. | Aftet heading 22.2:0.31 | 13.3:0.14 | 2.9:0.08 | 46.3:0.17 | 29.9:0.21 | 7.620.10

) After flowering | 26.0:0.32 | 10.2:0.16 | 2.8+0.09 | 45.3:0.38 | 35.6:0.24 | 6.1:0.11

grass Seeds inmature | 32.0:0.29 | 9.1:0.10 | 2.4:0.04 | 44.7:0.29 | 37.5:0.29 | 6.3:0.13
Orchard- | Before heading | 17.5:0.16 | 17.6:0.02 | 5.1:0.12 | 37.5:0.51 | 28.5:0.33 | 11.3:0.34
grass/ Heading 22.6+0.20 | 14.1x0.15 | 5.0+0.11 | 37.8:0.29 | 32.2+0.25 | 10.9:0.15
Italian | Flowering 24.9:0.31 | 11.1£0.01 | 4.5:0.21 | 40.3:0.56 | 34.1x0.56 | 10.0:0.16
After flowering | 28.4:0.32 | 9.2:0.02 | 4.4:0.15 | 41.6:0.76 | 35.5:0.29 | 9.3+0.24

* Mean of duplicates + standard deviation.
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Table 8. Chemical composition of the corn plant, DM basis (%)*.

Dry Crude Crude Crude Crude
Stage of maturity matter protein fat NFE fiber ash
Tassel 12.5+0.07 11.7£0.20 1.610.07 47.2+1.05 31.9£0.95 7.6+0.30
Early milk 18.0£0.01 9.210.10 1.510.07 50.9+2.05 32.4£1.00 6.0:0.10
Milk dough 21.210.16 8.5+0.50 2.1x0.10 56.2£1.35 28.21£0.70 5.0:0.25
Yellow ripe 29.2+0.85 7.4+0.75 2.1+0.50 63.3x1.45 22.8+0.46 4.4+0.07
Ripe 33.0+0.95 6.9+0.65 2.2+0.50 65.8+£1.66 21.3+0.00 3.840.65

* Mean of duplicates + standard deviation.
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Fig. 3. Effect of stage of maturity on the

chemical composition of corn plant.
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Table 9. Digestibility of the small grain crop silage (%)*.
Crud Crud d
Species | Stage of maturity | o0 Tuce NeE | ™€ | pep TDN DE
protein fat fiber
Bartoyss | Heading 62.0£2.56 | 65.5£0.28 |63.2+3.24 [ 58.9+5.38 | 7.7:0.14 | 58.0+1.29 |2.56+0.06
y ty | Milk 57.6+0.08 | 58.3:0.10 | 65.1:0.22 | 55.4:2.02 | 6.3:0.04 | 57.7:0.38 | 2.54:0.02
n
P Milk dough 54.5:4.96 | 53.4215.7 |68.5:7.23 | 50.8+3.98 | 5.3+0.16 | 57.9+1.57 | 2.45:0.07
Rve Early flowering | 55.7:q.88) 64.62.86 | 46.0:2.17 | 50.8+1.73 | 6.2£0.20 | 50.1¢1.17 |2.21:0.08
;t After flowering | 49.5:2.34| 56.1£1.44 | 48.6+1.20 |42.9:3.09 | 4.9:0.23 | 46.9:1.69 |2.07:0.07
plan Milk 51.9:0.43| 53.822.13 | 44.7:2.09 | 37.1+2.35| 4.0+0.04 | 43.2:1.52 [1.90:0.03
Wheat*** Bootl'ng Poor quality of silage
lant Heading 57.610.58
P After heading ND 51.3:1.27| ND
Oat***
Early headi 57.612.46
plant arly heading

* Mean of 3 replication + standard deviation,
** Mean of 4 replicatinn + standard deviation,

**%  In vivo dry matter digestibility
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Table 10. Digestibility of the grass silage (%)*

Crude Crude Crude DE

Speci Stage of it NF DCP TDN

pecles age ol maturity | tein fat E fiber (m cal/kg)
talian Before heading 64.7£1.16| 63.6£1.83] 70.6+1.13 | 72.3+0.57 | 10.5+0.18 | 67.9+0.35| 2.99+0.02
rvearass Heading 62.7+1.41] 71.920.56 | 63.6+1.18 | 65.5£0.19 | 9.2:0.1863.7£0.72| 2.81:0.03
yegt After flowering | 52.2¢5.01} 61.9+5.74 55.844.70| 56.7+2.80 | 6.3+0.55)44.9:3.83} 2.42:0.17
Orchard- After heading 39.842.50 72.5:4.12| 46.1£2.20 | 74.4:2.45| 5.6£0.02|54.8:2,36| 2.42:0.02
ass After floweirng | 56.4£2.60] 65.1:5.10| 45.0+1.09 | 61.9+3.24 | 6.0:0.03 | 52.9:1.54/ 2.3310.03
& Seeds inmature 54.9+2.41| 61.644.15| 44.9+2.04 | 46.5¢3.66 | 5.1:0.03 | 46.1:2.24| 2.0310.02
Orchard - | Before heading 64.110.75
grass/ Headi .5£0.
Ttalian cading ND 59.5:0.811 1y
ryegrass | Flowering 52.8+1.31

Mixture**| After flowering 48.3:0.88

* Mean of 3 replication t standard deviation

** In vivo dry matter digestibility
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Table 11. Digestibility of the corn silage (%)*.

Crude Crude Crude DE
f maturi NF DCP TDN
Stage of maturity | tein fat E fiber (M cal/kg)
Milk dough 53.1:2.52 | 70.3:0.55 | 59.1:1.32 | 65.0:1.82|4.5:0.19 | 59.5¢1.27 | 2.62:0.05
Yellow ripe 52.6:1.18 | 73.3:0.53 | 65.8:0.89 | 60.9:2.40|3.9:0.09 | 62.8£1.15 | 2.77:0.05
Ripe 51.5+2.14 | 75.2¢2.34 | 68.2:3.13 | 45.7:2.66| 3.6:0.15 | 61.622.22 | 2.72:0.08
LSD 5% 4.79 7.21 8.00 0.53
NS NS
1% 14.21 10.93 12.12 0.80

* Mean of 3 replication + standard deviation.

DCP and TDN: DM basis.
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Table 12. Digestibility of the herbage in rye plant (%)*.

Booting Before Early Late Flowering Late After LSD

Composition heading heading heading flowering | flowering
Dry matter

1978 53.6:0.65 | 53.0:+0.83|52.4+0.78 | 47.5+0.64| 41.4+0.55 - 1.10,1.53 | 1,10,1.53

1979 - 55.2+1.21|49.0:t1.46 | 46.7+1.41| 45.9+1.22 | 38.7+0.56| 38.9+0.80 | 3,64, 5.10
Average 53.6 54.1 50.7 47.1 449 40.1 38.9

NDF

1978 48.0:°4% | 46.,1£2.52(45.2:1.67 | 40.1+1.30] 46.7+0,51 | 27.9:b - 5.06, 7.09

1979 - 52.4+1.11|43.6:0.56 | 41.6x1.41] 39.2+2.42 | 27.2+1.07} 23.1+£2,22 | 6.31, 8.86
Average 48.0 49.3 444 40.9 38.0 27.6 23.1

ADF

1978 37.2+41.36 | 32.5+1.1825.222.61 | 24.6+0.68] 24.8+0.66 | 17.6:1.21 - 4.82,6.75

1979 - 42.41+2.32(33.7+¢2.25 | 30.5+1.05) 27.1:0.76 | 20.2* 4 | 17.2+2.42 | 5.84,8.19
Average 37.2 375 29.5 27.6 26.0 19.9 17.2

Cellulose

1978 88.2+0.20 | 69.9+1.85]|66.5¢1.11 | 53.5t1.44]| 47.5¢1.98 | 41.3+2.02 - 4.93,6.90

1979 - 68.071.67 | 58.5¢1.46 | 52.4+1.06) 46.5+1;56 | 36.3+0.59] 34.8+1.22 | 9.52,13.35
Average 88.2 69.0 62.5 53.0 47.0 38.8 34.8

* Mean of duplicates + standard deviation.,
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Table 13. In vitro DM yields of rye plant (kg/10a).

St £ matuit Booti Before Early Late Flowerin Late After
maturi ootin,
age of ma Y & heading heading heading & flowering Flowering
DDM yields 15017 3194 35912 471:4 56813 552+19 58030
LSD 5% 41
1% 58

Mean of 3 replication + standard deviation.

Table 14. In vitro DM yields of rye plant (kg/10a).

Stage of maturity Tassel Early milk Milk dough Yellow ripe Ripe
Di ible d:
igestible dry 69.2¢1.13 71.5¢1.27 69.8:0.42 69.9:0.28 70.1:0.37
matter
LSD
% NS
1%

Mean of 3 replication + standard deviation.



Table 15. In vitro DDM yields of corn plant (kg/10a).
T

Stage of maturity Tassel Early milk Milk dough Yellow ripe Ripe
DDM yields 361+43 810+41 930175 1,284+100 1,310+130
LSD 5% 100
1% 146

Mean of 3 replication + standard deviation.
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Table 16. Composition of organic acid in samll grain crop silage, DM basis (%).

Dry ' Organic acid (%)
Species Stage of maturity matter pH Acetic Butyric Lactic | Total Flieg
(%) acid acid acid acid point
Heading 14.2 39 2.6 1.9 8.9 13.4 45
Barley .
lant Milk 18.2 4,2 2.2 1.5 7.9 11.6 49
plan Milk dough 27.3 4.5 16 0.6 84 | 106 65
Rye Early flowering 20.1 4.0 3.0 1.0 7.6 11.6 42
ly ) After flowering 23.8 4.1 2.9 1.1 70 | 11.0 42
plan Milk 33.3 4.2 2.6 1.0 65 | 101 42
Wheat Heading 17.0 4.5 5.7 0.8 6.5 13.0 31
plant After heading 243 49 4.8 0.3 6.1 11.2 46
QOat .
Early heading 14.9 4.4 6.2 1.9 6.1 14.2 19
plant
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Table 17. Composition of organic acid in grass silage, DM basis (%).

Dry Organic acid (%)
Species Stage of maturity matter pH Acetic Butyric Lactic | Total Flieg
(%) acid acid acid acid point
Htatia Before heading 15.7 43 6.3 0.3 80 | 14.6 48
" Heading 18.2 45 4.1 0.2 59 | 102 50
TYBIASS | After flowering | 22.3 46 | 40 0 5.2 9.2 68
f i 22. . . 0 6. 12.3 27
Orchard- After headm.g 2.1 4.1 4.0 2 3 2
After flowering 27.4 4.8 2.5 1.0 66 | 10.1 42
grass Seeds inmature 32.0 45 2.2 0.6 6.4 9.2 50
Orchard- | Before heading 17.0 43 3.8 24 86 | 14.8 35
zl,:tralsisa/ Heading 21.3 4.0 3.0 0.9 8.5 124 50
ryegrass | Flowering 23.2 a1 | 25 0.6 71 | 102 52
mixture | After flowering 29.4 4.6 2.4 0.3 6.1 8.8 67
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Table 18. Composition of organic in corn silage, DM basis (%).

Dry Organic acid (%)
Stage of maturity matter pH Acetic Butyric Lactic | Total Flieg
(%) acid acid acid acid point
Mi
Milk dough 21.0 3.6 2.4 - 11.3 13.7 98
Yellow ripe 28.9 3.7 1.7 - 9.9 11.6 100
Ripe 326 3.8 2.1 - 6.3 8.4 91
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