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Exclusion ofair from silage i the earlydocuments (1760-1888)
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[... The reason that promotes
the degradation of the
harvested plants, whether
leaves or fruits, I attribute
mainly to the air.]

(Baronidelli Cavalcabo, 1760.

Della maniera diconservar

fresche per tutto l'anno le foglie
d'albero)

CONSERVATION DES FOURRAGES EN SILOS.

Vorcl une trés-grosse question soulevée | humide, il verserait moins facilement,
par M. Vilmorin. On a recommandé de | serait moins aqueux an moment de la ré-
semer des fourrages dans ces derniers | colle el pourrait par conséquent élre con-
temps. Rien de plus utile. Mais I'eau n’est | servé plus facilement en silos.
pas venue et beaucoup de semis n’ont pu E. LECOUTEUX .
avoir lien, tandis que d’aulres, ayanteu | 4 w.le rédacteur en chief du Journal d Agriculture
lieu , n'ont pas réussi. 1l ne fant pas nous pratique
rebuter. On peut encore semer du mais, Paris, 28 juin 1870.
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L'épaisseur de la couverture de terre ne
sera pas de moins de 3 pieds, non-seule-
ment pour intercepter le contact de l'air
extérieor, mais aussi pour qu'elle agisse

ar son poids et chasse I'air qui se trouve
interposé, Bientot une fermenfation se

[...The soil cover should not be less
than “3 pieds”, not only to intercept
the contact of the outside air, but
also to act with its weight to expel
the mterposed air. ]

(Vilmorin-Andrieux, 1870.
Conservation des fourrages verts en

silos Journal d'Agriculture Pratique
TOME II)
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CHAPTER I
HISTORY OF ENSILAGE.
HE genesis of ensilage is lost in the mists of antiquity.
The fundamental principle of the system is the pre-

. servation of crops in their natural state by the exclusion
of air. In its ancient application it was utilised mainly, if not

(Rew R. E.,1888. Stack ensilege)



:» Keys to
Silage
© History

1882
1st Ensilage Congress NY

THE ENSILAGE CONGRESS.

FINAL BRESSION TRESTERDAY~BOME TFACTH
AND FIGURES.

The second and final session of the Ensllage
Congress was held at No, 65 Beekman-street yes-
terday forenoon. The large room which My J.
B. Brown had placed at the disposal of the agri-
‘enltural gentlemen yas well filled, and a very en-

thusiastic and interesting discussion took place.
The princrpal polats rouched upon wWere the

economic value of ensilage a3 compared with,

other fodder, the manner of bullding and filling
elios, and the Imnproved farming methods. On a

Ehe New HJork Times
Published: January 27, 1882
Copyright © The New York Times
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Silage an old history: sealing the keyofsuccesstul

Tower silos

Silo Gospel Hymn, 1912

If you want to save on feed, build a silo,
It will help in times of need, build a silo.
Build of concrete if you would.

Build of brick, or build of wood.

Build of anything that's good

Stone silos

AGR ICU LT GRE. 207

OBSERVATIONS MADE IN ITALY ON THE
USE OF LEAVES IN FEEDING CATTLE.

By Fohn Symonds, LL. D. Profeffor of Medern
Hiftory in the Univerfily of Cambridge.

MONG the various kinds of winter-food pro-

vided for cattle in Ttaly, the ufe of leaves is
not the lealt confiderable. This branch of huf-
bandry was introduced a few years ago in the
Ferrarefe; and is adopted univerfally in Italy, ex-
cept in the dutchy of Mantua, which of all coun-
trics feems to ftand moft inneed of it ; for, as lbe

* - -

Wood and
soil

Silo

Sealing Straw plus a soil layer

But build a Silo.

Ehe New JJork Eimes

Published: January 7, 1881

PRESERVING CATTLE FOOD

A SUCCESSFUL EXPERIMENT IN
PREPARING ENSILAGE.

THE OPENING OF A SILO ON YHE BUCKLEY
FARM, NEATt PORT JERVIS—THE FNSIL-
AGE GOUND I¥ EXCELLENT CONDITION—
HOW A 8IL0 18 BUILT AND FILLED.

in fome parts of Italy to bury them in a i::it, and
to cover them with ftraw, upon which they lay ei-
ther clay or fand; and both are equally calculated
to anfwer the purpofe. But there is a praftice in

Sisalkraft Silos M

;2 N y ig.
Many conditions arise under which a temy Fig

12.—A well-finished trench silo.

more capacity than the owner is willing to pro rubberized shee
additional silage. Corn which cannot mature |

up MOrE s

B .

nd for low cost, temporary

This is fully met by the Sisalkraft type of silo. Struc-
tural strength is furnished by rings of snow fence, or
cribbing, set up as they are filled. The airtightness
necessary to proper storage of silage is provided by
the Treated Sisalkraft lining inside these rings of fence.

The development of Treated Sisalkraft really marked
the solution of this problem of a satisfactory cribbing
silo. Sisalkrafe had ample strength to stand the hard
usage in a silo but the treatment gave it the other neces-
sary quality—resistance to the action of the fungi in
the silage.

Expericnce proves that, when built in accordance with directions, this type of silo pro-

vides adequate procection for the temporary storage of silage.

For Haystack Covers—Farm Machinery Covers—For Lining Grain
Bins, Hog Houscs, Dairy Barns, Poultry Houses, Out Buildings,
Lambing Quarters, Tool Sheds, Stock Cars, ctc. For Screen Door Cov-
ers—For Protecting Berry Bushes and Shrubbery—For Wind Break-
ing—Curing Concrete—and for a score of other related uses.

Self demonstrating samples and full information as to farm and
home uses will be mailed upon request.

SISALKRAFT

e U5 Fat on

« « » »

The

covering is of sisalkraft paper and

Towards the

PLASTIC AGE

A 4

1786 A.D.
Italy

2500b.C
Mediterranean area

1870-1910
US and Europe

1936
Nllinois, US

1950-54
Europe and US



Plastic age and silage sealing:

40 years ofundisputed success of PE films for horizontal silos

S X . . .
e Journal of Agricultural Engineering Research

ELSEVIER
Volume 41, Issue 2, October 1988, Pages 65-73

Research paper

Optimization of plastic covers for stack

silos -
b Sovors * - kes films coextrudeés dans I'ensilage
Year 1952 1954 1957 - Coextruded films in silage
T. Daponte,
Plastic Poly-vinyl chloride PE films 0f 100-  Neoprene-nylon Liningbunkerwalls with o o000 o as . 19w e e
polymers (PVC 200 um) 150 um blankets PE film Okt of ksl e ot
82320 Haogsira}en
Anonimus (1952); e 1 :
References Larrabee and Sprague Staff (1957) Gl(;r6d10n etal, Czlgﬁt;(']ggz), Lima et al. DOUth anq queStlonS 'On oxygen
(1957) (1961) (2017) permeability of plastic films?

Savoie (1988)stated that “The optimal thickness of polyethylene films is
derived as a function ofstorage period, silage density and dry matter
content, film permeability, and the relative value ofplastic and silage.

>

1952-1954 1988 1992



Polyethylene vs. Oxygen barrier films

In early 2000s it became clear that low-density polyethylene (PE) films had a too high
oxygen permeability for silage, especially for long conservation period purposes (Degano,

1999; Borreaniand Tabacco, 2005, Borreaniet al., 2007; Wilkinson and Fenlon, 2014) _

EVEN IF
It remains still clearthat PE films presented excellent mechanical

14 NmMaa
Q i 1

characteristics and a relatively low cost

New technologies in plastic film lines appeared
on the market with high processing capabilities of

multi-layer coestruded film (from 3,5, 7,9to 11 layers)
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Coestrusion of PE and PAor EVOH polymers to produce oxygen barrier films

Oxygen permeance

(cm3/m?/24 hours at23°C, 1 atm, 65% RH)

Low density | um
wvemiee e N\ 178 000 /alm.
film

Polyamide (PA)

Ethylen-Vinyl-Alcohol (EVOH)




Oxygen barrier and High oxygen barrier films

"
L
L
-
L]

LLDPE
Tie Layer

Tie Layer
LLOPE

Thickness Fim O,permeability

Film type (cm3/m?/24 h, 1 bar)

(um) at 23°C at 50°C
Polyethylene (PE) 180 09() 3000
Oxygen barrier (OB) 125 100 400

(PE—PAcoextruded SILOSTOP®)

High Oxygen barrier (HOB) 130 8.8 35
(PE—EVOH coextruded)

(From Borreaniet al., 2007; Borreaniand Tabacco, 2014)



J. Dairy Sci. 90:4701-4706
doi:10.3168/jds.2007-0310
© American Dairy Science Association, 2007.

A New Oxygen Barrier Film Reduces Aerobic Deterioration
in Farm-Scale Corn Silage

G. Borreani,*! E. Tabacco,* and L. Cavallarint

PE film OB film
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DMlosses in the peripheral areas ofthe silo covered with PE or OB films

Farm 1
(feed-out 133 cm/week)

40
' Farm 2
(231 cm/week)

35

30

25

20

DM losses (%)

15

10

Core OB PE Core OB PE
|\ ] \ )

Y Y
Silo surface (0.40 m) Silo surface (0.40m)  (From Borreaniet al., 2007)




Mold count in the peripheral areas ofthe silo covered with PE or OB films

Farm 1 Farm 2
(133 cm/week) (231 cm/week)

Molds (log cfu/g silage)
W

Core \OB PEJ Core % OB PEJ

Y Y
Silo surface (0.40 m) Silo surface (0.40 m)

(From Borreaniet al., 2007)



3 SULENG,
‘:? -{,, J. Dairy Sci. 97:2415-2426
§ http://dx.doi.org/10.3168/jds.2013-7632

%‘., & © American Dairy Science Association®, 2014.

Improving corn silage quality in the top layer of farm bunker silos through
the use of a next-generation barrier film with high impermeability to oxygen

fﬁ’\ﬂ

G. Borreani'? and E. Tabacco'
Department of Agricultural, Forest and Food Sciences (DISAFA), University of Torino, Via L. da Vinci 44, 10095 Grugliasco, ltaly

Sampling areas during
experiments in  commercial

whole corn silage covered with
HOB and PE films
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DMIlosses in the top silo zone in relation to the distance from the

bunker walls

DMlosses (%)

90
80
70
60
50
40
30
20
10

O HOB film

0.5

]' B PEfilm

1.0 2.0 3.0
Distance from the bunker wall (m)

(From Borreaniand Tabacco 2014)



pH

pH and lactic acid in the top ofthe silo in relation to the distance from
the bunker wall

o - N w B ()] ()] ~ oo ©
| | | | | | | | |

E HB film
M PE film | |

0.5 1.0 20
Distance from the bunker wall (m)

3.0

Lactic acid (g/kg DM)

60

50 -

40

30

20 ~

10

[ HOB film
B PE film

0.5

1.0 2.0 3.0
Distance from the bunker wall (m)

(From Borreaniand Tabacco 2014)
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Distance from the bunker wall (m)
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PE film
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Generalità

		Azienda FRANCO

		mais II raccolto

		semina 2 giugno dopo loietto

		80 kg/gt 15.15.15

		60 botti da 100 q per 18GT

		18q nitrato ammonico (34%) su 13GT

		Diserbo CAMIX 10 litri + TREK P 5 litri su 13GT

		GHIBLI 2kg su 13GT





Franco

		10/7/10

		SACCHI

																																																		DM losses										Lactic acid												Mpuld count

		posizione								peso inizio		tara sacco		netto sacco		ss inizio		DM nel sacco		data uscita		gg conservazione				peso uscita		ss uscita		DM in uscita		DM losses		% DM losses												dev.st				EVOH		PE		dev.st		dev.st				EVOH		PE		dev.st		dev.st						EVOH		PE		dev.st		dev.st

		vicino parete		2607		77		EVOH		3848		56		3792		0.372		1411.0		3/11/11		155		3001		3801		0.366		1390.5		20.5		1.5				lontano parete		EVOH		4.6		2.7		1.4		1		1.6		54.4		1.4		27.0				32.4		6.5		2.4		8.0						2.24		7.27		0.5		1.5

		lontano parete		2608		78		EVOH		3325		56		3269		0.385		1257.5		3/11/11		155		3002		3244		0.370		1199.7		57.8		4.6				lontano parete		EVOH		1.3						2		2.7		32.5		1.2		6.5				32.1		7.2		3.9		7.9						2.13		6.16		0.5		1.2

		vicino parete		2609		79		EVOH		3770		56		3714		0.360		1335.7		3/11/11		155		3003		3745		0.349		1307.2		28.4		2.1				lontano parete		EVOH		2.7

		lontano parete		2610		80		EVOH		4064		56		4008		0.362		1452.5		3/11/11		155		3004		4033		0.355		1433.4		19.1		1.3				lontano parete		EVOH		2.4

		vicino parete		2526		81		PE		3654		56		3598		0.373		1343.0		3/11/11		155		3009		3454		0.170		587.6		755.4		56.2				vicino parete		EVOH		1.5		1.6		1.2

		lontano parete		2611		82		PE		4108		56		4052		0.378		1532.6		3/11/11		155		3010		4059		0.148		600.0		932.6		60.9				vicino parete		EVOH		2.1

		vicino parete		2612		83		PE		3476		56		3420		0.372		1272.5		3/11/11		155		3011		2862		0.166		474.9		797.6		62.7				vicino parete		EVOH		-0.0

		lontano parete		2613		84		PE		4063		56		4007		0.373		1493.2		3/11/11		155		3012		3482		0.215		747.9		745.4		49.9				vicino parete		EVOH		2.8

		vicino parete		2614		85		EVOH		4582		56		4526		0.359		1625.1		3/30/11		174		3117		4530		0.359		1625.5		-0.4		-0.0				lontano parete		PE		60.9		32.5		27.0

		lontano parete		2615		86		EVOH		3543		56		3487		0.347		1211.2		3/30/11		174		3118		3478		0.339		1178.7		32.5		2.7				lontano parete		PE		49.9

		vicino parete		2616		87		EVOH		3718		56		3662		0.368		1346.8		3/30/11		174		3119		3718		0.352		1309.7		37.1		2.8				lontano parete		PE		5.4

		lontano parete		2617		88		EVOH		3919		56		3863		0.385		1485.3		3/30/11		174		3120		3840		0.378		1450.4		34.9		2.4				lontano parete		PE		13.9

		vicino parete		2618		89		PE		4575		56		4519		0.365		1647.6		3/30/11		174		3123		3693		0.219		807.0		840.6		51.0				vicino parete		PE		56.2		54.4		6.5

		lontano parete		2619		90		PE		3956		56		3900		0.363		1413.8		3/30/11		174		3124		3915		0.342		1337.6		76.2		5.4				vicino parete		PE		62.7

		vicino parete		2620		91		PE		3640		56		3584		0.363		1302.4		3/30/11		174		3125		2505		0.272		680.6		621.8		47.7				vicino parete		PE		51.0

		lontano parete		2621		92		PE		3932		56		3876		0.370		1434.7		3/30/11		174		3126		2966		0.417		1235.8		198.8		13.9				vicino parete		PE		47.7

		ss sacchi uscita fatte a TF

						LV		TV		LS		rieq		ss

		81		PE		6364		3619		4086		4119		0.170

		82		PE		6552		3149		3652		3686		0.148

		83		PE		5917		3639		4017		4045		0.166

		84		PE		6292		3559		4146		4183		0.215

		89		PE		4886		2305		2869		2896		0.219

		90		PE		5626		2825		3782		3820		0.342

		91		PE		4325		2827		3234		3252		0.272

		92		PE		4963		2827		3717		3748		0.417





Franco

						1.3690113157		1.3690113157		27.0168028525		27.0168028525

						1.1941029997		1.1941029997		6.5241210989		6.5241210989



DM losses (%)

Distance from the bunker wall (m)

EVOH

PE



Comino

						2.404453112		2.404453112		7.9773982576		7.9773982576

						3.9163304582		3.9163304582		7.8759515859		7.8759515859



Distance from the bunker wall (m)

Lactic acid (g/kg DM)

EVOH

PE



pH e micro

						0.4807568651		0.4807568651		1.545194366		1.545194366

						0.4595392031		0.4595392031		1.1820225482		1.1820225482



Distance from the bunker wall (m)

Mould count (log CFU/g silage)

EVOH

PE



		9/22/10

		SACCHI

																																																								DM losses										lactic										acetic										Mold										pH

														peso inizio

		posizione		posizione 1								ore 19.15		ore 8.20		tara sacco		netto sacco		ss inizio		DM nel sacco				data uscita		gg conservazione		peso uscita		ss uscita		DM in uscita		DM losses		% DM losses				posizione 1				% DM losses		EVOH		PE		dev.st				HOB film		PE film		dev.st		dev.st				HOB film		PE film		dev.st		dev.st				HB film		PE film		dev.st		dev.st				HOB film		PE film		dev.st		dev.st				HB film		PE film		dev.st		dev.st

		vicino parete		1		2447		61		EVOH		5637		5637		56		5581		0.351		1961.1		3963		7/28/11		309		4967		0.273		1356.4		604.6		30.8				1		EVOH		30.8		37.3		70.1		9.1		0.5		37.3		70.1		9.1		10.4				21.2		0.0		11.7		0.0				33.3		0.0		13.4		0.0				6.24		7.18		0.4		0.3				5.25		8.06		1.64		0.20

		vicino parete		2		2448		62		EVOH		5076		5075		56		5019		0.353		1771.3		3964		7/28/11		309		4905		0.334		1640.7		130.6		7.4				1		EVOH		43.8								1		18.1		61.7		15.2		15.2				24.0		0.7		8.6		1.3				37.8		9.1		4.8		10.5				3.61		7.55		1.0		0.5				4.03		6.49		0.01		0.82

		lontano parete		3		2449		63		EVOH		5015		5010		56		4954		0.368		1822.9		3965		7/28/11		309		4796		0.343		1642.9		180.0		9.9				2		EVOH		7.4		18.1		61.7		15.2		2		8.4		12.1		2.1		10.0				23.0		30.1		4.5		18.5				41.7		36.1		10.8		19.0				2.61		3.43		0.6		1.8				4.01		3.92		0.03		0.31

		lontano parete		4		2450		64		EVOH		4715		4714		56		4658		0.362		1686.8		3966		7/28/11		309		4403		0.356		1565.7		121.1		7.2				2		EVOH		28.9								3		4.2		6.7		4.2		1.1				31.8		28.8		3.7		11.9				30.0		35.2		3.3		2.9				2.65		3.21		0.0		1.0				3.86		3.99		0.01		0.23

		vicino parete		1		2451		65		EVOH		5111		5111		56		5055		0.349		1764.9		3541		6/6/11		257		4198		0.236		992.5		772.4		43.8				3		EVOH		9.9		8.4		12.1		2.1

		vicino parete		2		2452		66		EVOH		4927		4925		56		4869		0.350		1702.2		3542		6/6/11		257		4247		0.285		1211.0		491.2		28.9				3		EVOH		7.0

		lontano parete		3		2453		67		PE		4916		4917		56		4861		0.359		1744.4		3959		7/28/11		309		4938		0.286		1409.8		334.6		19.2				4		EVOH		7.2		4.2		6.7		4.2

		lontano parete		4		2454		68		PE		5303		5300		56		5244		0.352		1846.4		3960		7/28/11		309		5276		0.324		1707.3		139.1		7.5				4		EVOH		1.2

		vicino parete		1		2455		69		PE		5100		5097		56		5041		0.359		1809.2		3961		7/28/11		309		3711		0.110		407.6		1401.6		77.5				1		PE		77.5		70.1				10.4

		vicino parete		2		2456		70		PE		4762		4761		56		4705		0.370		1739.4		3962		7/28/11		309		3606		0.133		480.2		1259.1		72.4				1		PE		62.7

		lontano parete		4		2457		71		PE		4219		4219		56		4163		0.352		1465.1		3545		6/6/11		257		4298		0.321		1378.2		86.9		5.9				2		PE		72.4		61.7				15.2

		lontano parete		3		2458		72		PE		4155		4155		56		4099		0.335		1375.0		3546		6/6/11		257		3866		0.338		1306.0		69.0		5.0				2		PE		51.0

		lontano parete		3		2459		73		EVOH		5069		5070		56		5014		0.367		1839.5		3543		6/6/11		257		5118		0.334		1711.6		127.9		7.0				3		PE		5.0		12.1				10.0

		lontano parete		4		2460		74		EVOH		4132		4129		56		4073		0.343		1398.9		3544		6/6/11		257		4061		0.340		1382.4		16.6		1.2				3		PE		19.2

		vicino parete		2		2461		75		PE		4569		4564		56		4508		0.365		1644.7		3547		6/6/11		257		4309		0.187		806.6		838.1		51.0				4		PE		7.5		6.7				1.1

		vicino parete		1		2462		76		PE		4422		4421		56		4365		0.355		1547.6		3540		6/6/11		257		4346		0.133		576.6		971.1		62.7				4		PE		5.9

		ss sacchi uscita fatte a TF

						LV		TV		LS		rieq		ss

		67		PE		5602		3511		4108		4125		0.286

		68		PE		6086		3623		4420		4460		0.324

		69		PE		5896		2946		3270		3297		0.110

		70		PE		6141		3618		3954		3980		0.133

		61		EVOH		6510		3024		3976		4020		0.273

		62		EVOH		5177		3162		3836		3869		0.334

		63		EVOH		5612		3624		4305		4339		0.343

		64		EVOH		5179		3562		4137		4159		0.356

		65		EVOH

		66		EVOH

		71		PE

		72		PE

		73		EVOH

		74		EVOH

		75		PE

		76		PE





						9.1446765358		9.1446765358		10.412421203		10.412421203

						15.1888297475		15.1888297475		15.1551929184		15.1551929184

						2.0663527719		2.0663527719		10.0130212755		10.0130212755

						4.2418745773		4.2418745773		1.1351683115		1.1351683115



Distance from the bunker wall (m)

DM losses (%)

HOB film

PE film



						11.6668255929		11.6668255929		0		0

						8.5947049675		8.5947049675		1.2579200358		1.2579200358

						4.4858340017		4.4858340017		18.4939321208		18.4939321208

						3.6883714134		3.6883714134		11.8573834887		11.8573834887



Distance from the bunker wall (m)

Lactic acid (g/kg DM)

HOB film

PE film



						13.430707022		13.430707022		0		0

						4.7964041985		4.7964041985		10.4576643364		10.4576643364

						10.7600010411		10.7600010411		18.9840165159		18.9840165159

						3.3424834062		3.3424834062		2.9275549825		2.9275549825



Distance from the bunker wall (m)

Acetic acid (g/kg DM)

HB film

PE film



						0.4138038827		0.4138038827		0.2570328652		0.2570328652

						0.9690805968		0.9690805968		0.4824671392		0.4824671392

						0.62434587		0.62434587		1.7657331976		1.7657331976

						0.0362966191		0.0362966191		0.9884928598		0.9884928598



Distance from the bunker wall (m)

Mould count (log CFU/g silage)

HOB film

PE film



						1.6355379849		1.6355379849		0.2015254326		0.2015254326

						0.0091923882		0.0091923882		0.8181225458		0.8181225458

						0.0311126984		0.0311126984		0.306884343		0.306884343

						0.0077781746		0.0077781746		0.2298097039		0.2298097039



Distance from the bunker wall (m)

pH

HB film

PE film



		FRANCO

		posizione										pH						lieviti		muffe		YEAST		MOLD

		vicino parete				3001		77		EVOH		3.785		3.78				1.69		1.81		2.34		2.24		2.14		0.48

		lontano parete				3002		78		EVOH		3.766		3.79				0.65		1.74		3.14		2.13		2.09		0.46

		vicino parete				3003		79		EVOH		3.807						1.77		1.72

		lontano parete				3004		80		EVOH		3.803						1.69		1.50

		vicino parete				3009		81		PE		7.573		6.62				7.80		8.06		7.03		7.27		2.09		1.55

		lontano parete				3010		82		PE		7.759		5.85				7.08		7.30		5.26		6.16		1.87		1.18

		vicino parete				3011		83		PE		7.785						6.57		6.85

		lontano parete				3012		84		PE		7.051						7.24		7.48

		vicino parete				3117		85		EVOH		3.77						3.41		2.77

		lontano parete				3118		86		EVOH		3.801						5.53		2.30

		vicino parete				3119		87		EVOH		3.774						2.50		2.66

		lontano parete				3120		88		EVOH		3.793						4.70		2.98

		vicino parete				3123		89		PE		5.745						6.84		7.58

		lontano parete				3124		90		PE		4.095						3.14		4.62

		vicino parete				3125		91		PE		5.377						6.90		6.58

		lontano parete				3126		92		PE		4.513						3.58		5.23

		COMINO

		posizione		posizione 1												dev.st						YEAST		MOLD		dev.st		dev.st

		vicino parete		1		3963		61		EVOH		4.097		5.25		1.64		1.90		5.94		1.20		6.24		0.99		0.41

		vicino parete		1		3541		65		EVOH		6.41						0.50		6.53

		vicino parete		2		3964		62		EVOH		4.028		4.03		0.01		1.00		2.92		1.35		3.61		0.49		0.97

		vicino parete		2		3542		66		EVOH		4.041						1.69		4.29

		lontano parete		3		3965		63		EVOH		3.986		4.01		0.03		0.50		3.05		1.02		2.61		0.74		0.62

		lontano parete		3		3543		73		EVOH		4.03						1.54		2.17

		lontano parete		4		3966		64		EVOH		3.857		3.86		0.01		0.50		2.63		1.41		2.65		1.29		0.04

		lontano parete		4		3544		74		EVOH		3.868						2.32		2.68

		vicino parete		1		3961		69		PE		8.205		8.06		0.20		6.08		7.36		5.47		7.18		0.86		0.26

		vicino parete		1		3540		76		PE		7.92						4.87		7.00

		vicino parete		2		3962		70		PE		8.064		6.49		2.23		4.87		7.89		5.16		7.55		0.41		0.48

		vicino parete		2		3547		75		PE		4.907						5.45		7.21

		lontano parete		3		3959		67		PE		4.14		3.92		0.31		2.56		4.68		2.87		3.43		0.43		1.77

		lontano parete		3		3546		72		PE		3.706						3.18		2.18

		lontano parete		4		3960		68		PE		4.156		3.99		0.23		1.72		3.91		1.74		3.21		0.02		0.99

		lontano parete		4		3545		71		PE		3.831						1.75		2.51






Good plastic film - necessary, but is it enough to seal a silo?







Minmmizing DM losses: Synergistic effect of HOB films and

DM losses (% original DM)
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Improving microbial quality through the Combined Application
of HOB films and uniform gravel application on silo tops
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Mixing good and spoiled silage: what it means for TMR quality

Mass contribution (% DM)

4.0 %

e — m—

Nutritional quality

pH  Starch aNDF
(% on DM)

6.84 28.0 51.2

3.64 32.9 38.6

Microbiological quality

Yeasts Moulds Anaerobe

(log cfu/g) spores
6.33 8.0l 5.10

2.93 1.76 1.40

Data collected on dairy farms in northern Italy (pers. Com. Borreani and Tabacco)

mixer

TMR quality

pH
Starch (% DM)

aNDF (% DM)
Yeasts (logcfu/g)

Moulds (log cfu/g)
Anaer. spores (log cfu/g)

3.66
32.7

39.1
4.94
6.60
3.70
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Spoiled silage m feed leads to 0.9-1.4 kgless milk per cow dally

Contribution to nutritional and
microbial silage qualities

1

Starch aNDF Yeasts Moulds Anaerobic
Spores

B Clean silage core  [] Spoiled silage (4% on DM)

Cattlemen’s Day 2000

EFFECT OF LEVEL OF SURFACE-SPOILED
SILAGE ON THE NUTRITIVE VALUE OF
CORN SILAGE-BASED RATIONS

L. A. Whitlock, T. Wistuba, M. K. Siefers,
R. V. Pope, B. E. Brent, and K. K. Bolsen

Dr. Keith K. Bolsen
May 22,1943 - May 29, 2020

Spoiled silage in dairy cow diets can lead to:
* Lower DMintake
* Greaterrisk of metabolic disorders
* Reduced energyavailability
* Impaired fiber digestibility
Lowered milk yield up to 2.1 kg/cow/d

Confirmed by several authors: Hoffman e Ocker, 1997;
Trevisiet al., 2003; Berger and Bolsen, 2006; Gerlach et
al., 2013; Santos etal., 2014.



Market value ofsilage and sealing costs ofa bunkersilo of 1700 Mg ofcorn silage
(Silo size: 4.0 m height, 10 m wide, 60 m long)

Market value of feed silage Sealing costs and cost due to DM losses

96 - 40

88 - 35

30 i7+ éMilk lost? Assuming up to 0.3 kg/d
80 -
B Market value of discarded silage
25

72 A 1 Cost to discard spoiled silage
20

Cost to remove gravel
64 +

Costs (k€)

15

Market value (k€)

Cost to distribute gravel

56 -

10 W Cost of plastic cover*

48' 5

40 - 0

PE HOB PE + gravel HOB + gravel PE HOB PE + gravel HOB + gravel

* Farmerperception: “...who removes the gravel?”

Researcheropinion: “Improper management of spoiled silage directly contributes to unavoidable milk
loss”™



An mtegrated approach for horizontal silo sealing1s needed

Choosing proper plastic film: for high mechanical and Oxygen
barrier properties

Lining silo walls: to protect concrete from acid corrosion and
avoid the gap between silo wall modules

Correct distribution of plastic film over the silo: overlapping of
plastic sheets and double layer of new and old films help to
increase anaerobiosis and to guarantee a perfect hermetic
environment

Protect the cover from mechanical damages: polypropylene
nets, HDPE Woven Fabric Tarpaulin

Weighing down the plastic cover: homogeneous weighing
materials to maintain the contact between silage mass and sealing
cover to avoid wind wave and air penetration into top layer of silage
and increase silage densityin the outer layer




Evaluatmgbiodegradable film solutions for plastic waste reduction

Biologisch abbaubare Silagestretch-
folien prinzipiell moglich

Keller, A., 2000. Agrarforschung, 7(4), 164-169.

Duration ofup to 30 days!

Mold (log cfu/g silage)

S 7 J. Dairy Sci. 98:386-394

s'l WA

i\.-" 2 http:/idx.doi.org/10.3168/jds.2014-8110
\...,A © American Dairy Science Association®, 2015.

Bio-based biodegradable film to replace the standard
polyethylene cover for silage conservation

Giorgio Borreani' and Ernesto Tabacco

Biodegradable stretch films for silage bales: basically possible app.’ied
]

e SCICHCES

Article

Appl. 5. 2020, 10, 2803

Feasibility of Utilizing Biodegradable Plastic Film to
Cover Corn Silage under Farm Conditions

Ermesto Tabacco'”, Francesco Ferrero'" and Giorgio Borreani *
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Perspectives

* Automatic sealingand weighing
systems are available now byseveral
companies. The evaluation of manpower

reductions and DMlosses is necessary

Development oflong shelf-life
biodegradable films to reduce plastic

waste
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