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The amount of silage and silage effluent pro-
duced from grass, maize and arable crops made in
Ergland and Wales from 1984-1994 is quantified,
both on a basis of MAFF Region and end use of the
silage. The total amount of silage made has increased
by 148% from 25-30 Mt in 1984 to 37-55 Mt in 1994. In
1984 the proportions made were 97-5% grass, 2:5%
maize and nil from arable crops (whole crop cereals).
By 1994, the proportions were 90-9% grass, 7-8%
maize and 1-3% arable crops. In 1984, grass silage
comprised 60-4% first cut, 27-9% second cut and
4-7% third cut bunker-made silage with 7-0% made in
bales. By 1994 the relative proportions were 53-3,
24:5, 41 and 18:1% respectively. The average dry
matter (DM) content of bunker made grass silage was
first cut 241 g/kg, second cut 260 g/kg, third cut
243 g/kg and big bales 345 g/kg. For dairy cow silages
it was first cut 233, second cut 268 and big bales
324 g/kg. The corresponding values for beef and sheep
were 263, 299 and 385 g/kg. The average DM content
of maize silage was 307 and arable 458 g/kg. However,
except for arable silage, there were large between-
year variations in DM content.

The amount of effluent produced each year, calcu-
lated from the equation of Bastiman using the propor-
tion of effluent produced at various ranges of DM i.e.
<151, 150-170 to >290 g/kg was highly variable. In
1989, when a severe drought occurred, the 33-37 Mt of
silage made produced only an estimated 497 Ml of
effluent; whilst in 1993, when the silage making season
was extremely wet, 37-93 Mt silage produced 1463 Ml
of effluent. Overall, silages treated with acid additives
constituted 15-9% of grass bunker made silage, but
were responsible for 23:7% of the effluent produced.

From 1984-1994 the proportion of silage made as
grass, maize and arable was 95-8, 3-7 and 0-5% and
the estimated proportion of effluent produced was
97-2, 2-8 and <0-1% respectively. Similarly the pro-
portions of grass silage made as first cut, second cut,
third cut and big bales were 55-8, 25-7, 4-3 and 14-2%
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and the effluent produced 65-8, 23-6, 44 and 6-2%
respectively. From 1992-1994 the proportion of first
cut, second cut, third cut and big bale grass silage
made for dairy cows was 27-0, 135, 4-5 and 3-:6% and
that for beef and sheep 27-8, 9-2, nil and. 14-4%
respectively. The corresponding estimated amounts of
effluent were from dairy cow silages 44-2, 12-0, 6-8
and 3:2% and from beef and sheep 22-7, 7-7, nil and
34%.

Effluent was mainly produced in the west i.e.
Midland and West, South West and Wales, which
were responsible for 65:4% of the grass silage made
and 72-9% of the effluent produced, whilst the East
and South East were responsible for 14-8% of the
silage made, but only 11:6% of the effluent.

© 1997 Silsoe Research Institute

1. Introduction

Silage effluent is a major source of agricultural
pollution,” with the number of serious pollution inci-
dents, recorded by the National Rivers Authority'?
increasing dramatically particularly in the wetter grass-
land areas of England and Wales.®* The volume of
effluent produced is influenced mainly by the dry
matter (DM) content of the ensiled crops.* Bastiman®
produczed a regression equation relating effluent to
DM, which indicated that very little effluent is pro-
duced from herbage ensiled with a DM concentration
of 250g/kg and that effluent ceases above DM
290 g/kg. Most incidents, therefore, appear to be
related to bunker made grass silage, because although
at the same dry matter (DM) content, bunker and
big-bale silage will produce the same amount of
effluent,® big-bale silage is usually made with a DM
content’® above 300 g/kg, whereas the average DM
content of bunker made silage® is approximately
250 kg/kg. Maize s"ilage is generally made with a DM
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content™ greater than 300 g/kg and will produce little
effluent, whilst arable silages are commonly treated
with urea and harvested at about 600g/kg DM or
conventionally ensiled at the soft-dough stage' at
about 300-400 g/kg.

It has been shown, that with grass silage, the DM
content of the ensiled crop, and therefore subsequent
effluent production, is predominantly influenced by
the prevailing weather conditions at ensilage,® and
that silage effluent production is enhanced by the use
of acid silage additives.®

potential amount of effluent produced in England and
Wales in relation to the type of crop ensiled, how it
was made, cut, silage additive use and MAFF Region
or Wales. The following investigation reports the
results of 24655 first cut, 12301 second cut and 536
- third. cut bunker made grass silages, 7477 big bale
grass silages, 1999 maize silages and 162 whole crop
cereal silages analysed by ADAS in England and
Wales between 1984-1994.

2. Materials and methods

Only two methods of taking samples for analysis
were used. Most samples were taken by ADAS staff
by coring each silage with a 28 mm diameter corer
based on the design of Alexander.’ Occasionally,
grab samples taken from the face of a bunker silo, or
from a big bale when it was opened, were used for
analysis. Details of each silage were collected from
farmers at the time of sampling. They were

(1) Grass, maize or arable (whole crop cereal).

(2) Method of silage-making; bunker or big bale.

(3) Cut; first, second or third cut.

(4) Additive used; formic acid/sulphuric acid, no
treatment or other additive treatment.™

(5) Main stock to be fed the silage; dairy or beef
and sheep.

(6) Area; MAFF Region or Wales.

All samples were analysed for oven dry matter
(DM) as described by the Ministry of Agriculture,
Fisheries and Food," and samples from 1992-1994
were analysed for metabolizable energy as described
by Barber et al."®

Details of the quantity of both bunker and big bale
grass silage made in each year were taken from the
December Agricultural returns,’® whilst those for
maize and arable silage were extracted from the June
Agricultural returns.”” In Wales, information on the

main type of stock i.e. dairy cows or beef and sheep to
be fed each silage was collected for 1992-1994,
Analysis of this unpublished data showed that over
90% of silages with a metabolisable energy value
greater than 10-5MJ/kg DM were to be fed to dairy
cows, whereas for silages with a metabolisable energy
value less than 10-5 MJ /kg DM over 90% were to be
fed to beef and sheep. For this exercise with English
silages, it was therefore assumed, that each silage with
a metabolisable energy above 10-5MJ/kg DM was to

- be fed to dairy cows, whilst those with a metabolisable
Detailed information is, however lacking on the

energy value below 10-5 MJ/kg DM were to be fed to
beef and sheep.

The quantity of effluent produced during ensiling
from each crop i.e. grass, maize and arable was
calculated from the equation of Bastiman.® Although
this relationship was calculated from only bunker
made grass silages, it has generally been suggested®
that a general relationship has been clearly demonstr-
ated between effluent production and crop DM con-
tent, and that the Bastiman equation is at present the
best method* for predicting silage effluent. Analysis o
variance was used to compare silage DM content in
terms of the information collected.'®

3. Results

3.1. Quantity of silage made

The quantities of grass, maize and whole crop cereai
silage made each year are given in Table 1.

3.1.1. Grass silage

From 1984-1991 (excluding 1989) the amount of
bunker grass silage made each year increased by about
6% from 24-67Mt in 1984 to 36-05Mt in 1991.
Thereafter, it decreased by approximately 2% each
year, so that in 1994 only 34-14 Mt was made. Simi-
larly from 1984-1991 the amount of big bale grass
silage increased by about 30% each year, from
1-73 Mt in 1984 to 6-34 Mt in 1991. Since then the
quantity made has remsined fairly static at about
6-4 Mt.

3.1.2. Maize silage

The amount of maize silage made each year in-
creased rapidly from 0-63 Mt in 1984 to 2-94 Mt in
1994. However, the increase has been very variable.
From 1984 to 1986 the increase each year was about
34%, but then declined by about 13% each year up
until 1989, when the amount ensiled each year up to
1994 increased by 32%.
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Table 1
Quantities of grass, maize and arable silage made 1984-1994 (Mt)

1984 1985 1986 1987 1988 1989 1990 1991 I 992 1993 1994
Grass silage®

Total 24-67 29-94 3248 3366 3535 32:50 3325 3605 35-61 3526 3414
Bunker® 1st cut 14-91 17-71 1873 1914 19-68 1849 18:55 19-31 18-97 1871 1818
2nd cut 588 818 864 88 908 854 856 8091 875 863 839
3rd cut 1415 136 144 147 131 142 143 149 146 1-44 1:40
Big bale 173 2-69° 367 422 507 405 471 634 643 648 617

Arable silage ‘
Maize* 063 08 113 095 080 075 1:00 132 1:58 . 2:28 - -2:94
Other arable silage’ — — — 002 014 012 016 024 028 039 047

» Data extracted from December agricultural returns for England and Wales
b Assuming 65% silage made as first cut, 30% as second cut and 5% as third cut

< Assuming 7% of silage was made as big bales
9 Assuming 9% of silage was made as big bales

¢ Data extracted from June agricultural returns for England and Wales assuming a2 DM yield of 10 t/ha

"By difference i.e. total arable silage — maize silage

3.1.3. Arable silage

The quantity of arable or whole crop cereal silage
made, since records started in 1987 has increased over
the years from 0-02 Mt in 1987 to 0-47 Mt in 1994.

3.1.4. Summary

From 1984 to 1994 the total quantity of silage made
has increased from 25-30 Mt to 37-55Mt. In 1984
practically all the silage made (97-5%) was grass with
maize accounting for the remaining 2-5%. By 1994
grass accounted for 90-9% of the silage made, maize
7.8% and arable only 1-3%, whilst the proportion of
grass silage made in bales had increased to 18:1%.

3.2. Silage dry matter

The dry matter (DM) content of silages by type of
silage made, year, cut and stock i.e., dairy cows or
beef and sheep to be given the silage are given in
Tables 2-10.

3.2.1. Grass first cut bunker silage

There was marked year-to-year and regional varia-
tion (Table 2) in DM content. The contrast between
1986 and 1989 was most noticeable. In 1986, DM
(228 g/kg) was significantly (P <0-001) lower than in

Table 2
Dry matter (g/kg) content of first cut grass bunker made silages by year and region

Year
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
No of

Region samples 1360 1447 1995 2265 3126 3692 3310 2849 1647 1850 1114  Mean
Northern 4930 256 247 255 260 233 266 241 227 242 236 266 247
Midlands

and West 2542 227 227 226 213 220 232 236 212 253 225 245 224 -
East 910 254 233 230 202 234 284 287 248 262 252 245 252"
South East 2686 231 212 225 232 228 272 268 226 274 240 218 242°
South West 6908 236 230 219 236 232 257 250 236 259 242 248 242¢
Wales 6679 234 224 225 242 237 261 243 228 247 228 248 2407
Mean — 241¢0  232b¢ 228" 238% 23204 261 247" 2298+ 9588 235%%¢ 0498 941

Standard error of difference between two means: Year 2-1. Region 2-9
Means on the same line or column, with the same superscript or no superscript. do not differ significantly (P > 0-001)
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other years, whereas in 1989 (261 g/kg) it was sig-
nificantly (P <0-001) higher than other years. Bet-
ween these years, the percentage of silages with DM
below 230 g/kg dropped from 60-0% to 36-2%, whilst
the percentage with DM above 290 g/kg was 4:5%
and 12-3% respectively. Silages made in the Midlands
and West (224 g/kg) were consistently (P <0-001)
lower in DM than other regions, whilst those made in
the East (252g/kg) were significantly (P <0-001)
higher than elsewhere, except for the North. Between
these regions the percentage of silages with DM below
230 g/kg dropped from 65:4% to 49:7%, whilst the
percentage with DM above 290 g/kg was 7-0% and
17-4% respectively.

3.2.2. Grass second cut bunker silage

The average DM content (260 g/kg) was consis-
tently (P <0-001) higher (Table 3) than for first cut
(241 g/kg) silages (Table 2). Again there was marked
year-to-year and regicaal variation. The contrast bet-
ween 1989 and 1991 was most noticeable. In 1989 DM
(294 g/kg) was significantly (P <0-001) higher than
other years except 1994, whereas in 1991 (229 g/kg) it
was significantly (P <0-001) lower than other years
except 1985 and 1987. Between 1989 and 1991 the
percentage of silages with DM below 230 g/kg in-
creased from 8-:6% to 44-9%, whilst the percentage
with DM above 290g/kg was 47-0% and 12-7%
respectively. Again silages made in the Midlands and
West (245 g/kg) had a significantly (P <0-001) lower
DM than those made elsewhere, whereas those made
in the East (280 g/kg) had a significantly higher DM
than those made elsewhere. Those made in the
Midlands and West had 55-9% of samples with DM
below 230 g/kg and 13-:3% with DM above 290 g/kg,

whilst the comparable values for those made in the
East were 34-7% and 27-8% respectively.

3.2.3. Grass third cut bunker silage

Results for third cut silages were only available for
1992-1994. Therefore, there were comparatively few
(536) samples (Table 4). Nevertheless, they show
considerable variation, because the DM content in
1994 (261 g/kg) was significantly (P <0-001) higher
than either 1992 (235 g/kg) or 1993 (232 g/kg). Bet-
ween 1993 and 1994 the percentage of samples with

'_.'DM below 230 g/kg increased from 42-9% to 48-9%,
~whilst the percentage with DM above 290 g/kg was

13-6 and 16-7 respectively. The DM of silages made in

~ the South West and Wales (237 g/kg) were sig-

nificantly (P <0-001) lower than those in the East
(263 g/kg) and North (262 g/kg). For Wales compared
with the East the percentage of samples with DM
below 230 g/kg dropped from 41:4% to 18-3%, whilst
the percentage with DM above 290 g/kg was 21-:8%
and 37-9% respectively.

3.2.4. Grass big bale silage

The average DM content (345 g/kg) of big bale
silage (Table 5) was always significantly (P <0-001)
higher than that made in bunkers irrespective of cut.
Nevertheless, there was noticeable variation. Most
contrast occurred between 1991 and 1994. In 1991 the
DM (320¢g/kg) was significantly (P <0-001) lower
than other years, whereas in 1994 (359 g/kg) it was
significantly (P <0-001) higher than other years. Bet-
ween these years, however, there was little variation
in the percentage of samples with DM below 230 g/kg
i.e. 18:7% compared with 18:8%, or for silages with
DM above 290 g/kg i.e. 58:6% compared with 55-9%.

Table 3
Dry matter (g/kg) content of second cut grass bunker made silages by year and region

Year
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
No of

Region samples 642 804 818 938 1411 1668 1623 1707 = 608 1077 1005 Mean
North 1992 295 241 276 226 232 285 262 241 279 256 302 261%°
Midlands

and West 1818 263 220 241 205 213 265 252 222 271 243 299 245
East 363 273 253 281 211 222 331 318 271 283 290 309 280°
South East 1019 270 255 261 237 233 299 267 239 281 279 293 2622
South West 4548 280 225 232 246 258 308 290 227 279 274 291 267"
Wales 2561 269 225 240 225 227 283 267 212 264 249 285 251°
Mean —_— 275° 2330 244° . 233 240™ 294 . 274l 9907 = o76" 061 293¢ 260

Standard error of difference between two means: Year 2-8, Region 4-3
Means on the same line or column with the same superscript or no superscript, do not differ significantly (P > 0-001)
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Table 4

Dry matter (g/kg) content of third cut grass bunker made
| silages by year and region

Year
1992 1993 1994
No of

Region samples 205 144 187 Mean
North 66 280 237 268 262°
Midlands

and West 56 215 206 275 245°
East 24 231 2T 275 263°
South East 51 183 255 272 235"
South West 102 225 271 229 232:
Wales 237 230 220271 237"
Mean — 235% - 2328 061 243

Standard error of difference between two means: Year
3.9, Region 4-7

Means on the same line or column with the same

superscript or no superscript, do not differ significantly ~

(P >J001)

Silages made in Wales (326 g/kg) has a significantly
(P <0-001) lower DM than those made elsewhere
except for the Midlands and West (341 g/kg). Again,
however, between these regions there was little varia-
tion in the percentage of silages with DM below
230 g/kg which was 24-1% compared with 20-1% for
the latter, whilse the percentage of silages with DM
above 290 g/kg was 55-2% and 59-4% respectively.

3.2.5. Type of stock given silage

From 1992-1994 the main type of stock i.e. dairy or
beef and sheep to be fed grass silage is given for first
cut bunker (Table 6), second cut bunker (Table 7) and
big bale (Table 8).

3.2.5.1. Grass first cut bunker silage. For the first
cut bunker silage (Table 6) the DM content of silage
made for dairy cows (233g/kg) was significantly
(P <0:001) less than that made for beef and sheep
(263 g/kg). Marked year-to-year variation occured for
both dairy and beef and sheep silages. But the
contrast between the two for 1992 and 1994 was most
apparent. In 1992 for dairy cows the DM (248 g/kg)
was significantly (P <0-001) higher than 1994
(232 g/kg). Between these years, the percentage of
samples with DM below 230 g/kg increased from
40-8% to 56-0%, whilst the percentage with DM
above 290 g/kg was similar at 12-7% compared with
12-1%. Whereas with beef and sheep, the reverse
situation occurred when 1992 silages (263 g/kg) had a
significantly (P <0-001) lower DM than those made in
1994 (320 g/kg). Between these years, the percentage
of samples with DM below 230 g/kg dropped from
29-1% to 5-6%, whilst the percentage with DM above
290 g/kg was 22-5% and 50-7% respectively. o

Dairy cow silages (Table 6) made in the-East
(240 g/kg) had a significantly higher (P <0-001) DM
than those made in the Midlands and West (222 g/kg).
Between these regions the percentage of samples with
DM below 230 g/kg increased from 511% to 67-7%,
whilst the percentage with DM above 290 g/kg was
11-7% and 6-5% respectively. Beef and sheep silages
(Table 6) made in Wales (252 g/kg) had a significantly
(P <0-001) lower DM than those made elsewhere,
when the percentage of samples with DM below
230 g/kg was 36-5%, whilst the percentage with DM
above 290 g/kg was 21-3%.

32.52. Grass second cut bunker silage. For grass
second cut bunker silage (Table 7) the DM content of

Table 5
Dry matter (g/kg) content of grass big bale silages by year and region

Year
7084 1985 1986 1987 1988 1 989 1990 1991 1992 1993 1994
No of

Region samples 244 771 360 610 844 992 8557 45 T h s 524 375 Mean
North 1421 393 330 366 311 333 405 347 328 406 321 303 3567
Midlands

and West 651 438 328 329 335 317 345 365 312 297 353 - 4290 341"
East 443 353 327 379 317 331 354 367 313 371 286 466 349%™
South East 643 359 355 401 353 347 368 369 341 371 370350 362%
South West 1422 378 364 396 366 413 315 354 349 385 377 368 368°
Wales 2897 351 304 329 332 313 32% 342 292 378 336 318 326"
Mean — 3701 3967 38 3350 336bed 3489 3500 = 3207 1 378% 344°%¢ 359° 345

Standard error of difference between two means: Year 3-9, Region 4-8
Means on the same line or column, with the same superscript or no superscript, do not differ significantly (P > 0-001)



68

P. M. HAIGH

Table 6
Dry matter (g/kg) content of first cut grass-silages by year, region and stock fed the silage
Dairy Beef and sheep
Year Year
1992 1993 1994 1992 1993 1994
No of No of

Region samples 1073 938 903 Mean samples 573 916 214  Mean
North 474 245 - 209 253 236°° 199 236 271 343 . 276"
Midlands

and West 316 225 207 229 ~-222° 131 320 245 350 295
East 136 269 242 2237 - 240° 49 242 268 334 281°
South East 259 271 221 197 238" 96 283 275 303 - 283°
South West 879 247 227 227 2367 628 288 251 317 = 2681%
Wales 850 243 215 235 231 600 250 245 29215 957
Mean — 248% 7 21825 93¢ 233 263" 7 .253° 1320+ 963

Standard error of difference between two means: dairy 4-1, beef and sheep 57, dairy versus beef and

sheep 7-8

Means on the same line or column, with the same superscript or no superscript, do not differ

significantly (P >~ 0-001)

silages made for dairy cows (268 g/kg) was sig-
nificantly (P <0-001) less than those made for beef
and sheep (299 g/kg). Marked year-to-year variation
was apparent. With dairy cows most contrast occured
between 1993 and 1994. In 1993 the DM (253 g/kg)
was signifincatly (P <0-001) less than 1994 (279 g/kg).
Between these years, the percentage of samples with
DM below. 230 g/kg dropped from 41-0% to 24:8%,
whilst the percentage with DM above 290 g/kg was
16:7% and 33-5% respectively. Similarly for beef and

sheep most contrast occurred between 1993 and 1994.
In 1993 the DM (280 ¢g/kg) was significantly (P <
0-001) less than 1984 (348 g/kg). Between these years,
the percentage of samples with DM below 230 g/kg
dropped from 33:4% to 3:9%, whilst the percentage
of samples with DM above 290 g/kg was 30-8% and
59:6% respectively. For both classes of stock, silages
made in the East (300g/kg) and (329 g/kg) respec-
tively had a significantly (P <0-001) higher DM than
those made elsewhere. For dairy cows and beef and

Table 7
Dry matter (g/kg) content of second cut grass silages by year, region and stock fed the silage

Dairy Beef and sheep
Year Year
1992 1993 1994 1992 1993 1994
No of No of

Region samples 608 752 794  Mean  samples 253 325 211  Mean
North 363 263 251 282 264 160 308 267 370 304
Midlands

and West 300 281 233 279 259° 120 261 264 384 296°"
East 58 262 223 299 300 42 297 353 337 329
South East 148 269 270 280 273°% 76 297 296 348 303"
South West 706 282 268 280 277 310 274 285 338 290"
Wales 579 265 249 272 262%" 81 249 238 326 309"
Mean — 272 =958 279 2268 — 284" 280" 348 299

Standard error of difference between two means: diary 5-2, beef and sheep 7-9, diary versus beef and

sheep 4-5

Means on the same line or column, with the same superscript or no superscript, do not differ

significantly (P > 0-001)
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sheep the percentage of samples with DM below
230 g/kg was 38:6% and 7-9%, whilst the percentage
with DM above 290g/kg was 17-4% and 48:2%
respectively.

3.2.5.3. Grass big bale silage. For grass big bale
silage (Table 8) the DM content of silages made for
dairy cows (324 g/kg) was significantly (P < 0-001) less
than those made for beef and sheep (385 g/kg). Again
marked variation was apparent. Dairy cow silages
made in 1992 (335g/kg) had a significantly (P <
0-001) higher DM than those made in 1993/4
(316 g/kg). Between 1992 and 1994, the percentage of
samples with DM below 230 g/kg increased from
23-3% to 32-8%, whilst the percentage above 290 g/kg
was 45-8% and 31-1% respectively. Whereas, with
beef and sheep silage the reverse situation occured
when silages made in 1992 (397 g/kg) had a sig-
nificantly (P <0:001) lower DM than those made in
1994 (416 g/kg). Between these years, the percentage
of samples with DM below 230 g/kg dropped from
5.9% to 4-3%, whilst the percentage with DM above
290 g/kg was 58-9% respectively.

Dairy cows silages (Table 8) made in the Midlands
and West (284 g/kg) had a significantly (P <0-001)
Jower DM than those made elsewhere, whereas those
made in the North (367 g/kg) had a significantly
(P <0-001) higher DM content. Between these re-
gions, the percentage of samples with DM below
230 g/kg dropped from 51-0% to 18:9%, whilst the
‘percentage with DM above 290 g/kg was 21-3% and
51-4% respectively. Beef and sheep silages made in
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the South East (409 g/kg) had a significantly (P
0-001) higher DM than those made elsewhere, whilst
those made in Wales (369 g/kg) had a significantly
(P <0-001) lower DM than those made elsewhere.
Between these regions, the percentage of samples with
DM below 230 g/kg increased from 3-4% to 11-4%,
whilst the percentage with DM above 290 g/kg was
71-5% and 62-2% respectively.

3.2.6. Maize silage :

Maize silage DM contents (Table 9) from 1984 to
1987 were significantly (P <0-001) lower than from
1988 to 1994. Since 1988 the average DM content of
maize silage has consistently been above 290 g/kg.
Nevertheless, there was considerable variation in the
DM frequency distribution, with 1990 and 1993 provi-
ding most contrast. Between these years, the percen-
tage of samples with DM below 230 g/kg increased
from nil to 24%, whilst the percentage with DM above
290 g/kg dropped from 83% to 26% respectively.
Maize silage made in the North (216 g/kg) had a
significantly (P <0-001) lower DM than that made
elsewhere except Wales (265 g/kg).

3.2.7. Arable (whole crop cereal) silage

Arable silage (Table 10) consistently had a DM
content above 400 g/kg. However, silage made in 1992
(547 g/kg) had a significantly (P <0-001) higher DM
than that made in other years. Overall more than 90%
of the samples, collected each year, had a DM content
above 290 g/kg. There were small variations between
regions, with silage made in Wales (394 g/kg) tending

Table 8
Dry matter (g/kg) content of big bale grass silages by year, region and stock fed the silage

Dairy Beef and sheep
Year Year
1992 1993 1994 1992 1993 1994
No of No of

Region samples 265 133 213 Mean samples 592 391 162  Mean
North 146 396 306 360 367° 143 413 331 450 389¢
Midlands

and West 75 242 282 340 284° 84 343 374 528 395¢
East 45 362 277 384 349¢ 70 374 290 581 383"
South East 59 309 270 365 324¢ 101 417 403 395 409
South West 24 s 334 330 332 250 397 386 318 379°
Wales 262 322 327 280 301° 497 391 338 379 369°
Mean — 335 316° - «316° . 324 — 3072 - 353P ¢ 4165 W 385

Standard error of difference between two means: dairy 5-1, beef and sheep 5-2, dairy and beef and

sheep 15-7
Means on the same line
significantly (P >0.001)

or column, with the same superscript or no superscript, do not differ



70

P. M. HAIGH

Table 9
Dry matter (g/kg) content of maize silages by year and region

Year Mean
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 (1992-1994)
No of

Region samples 55 69 72 00:" =54 116 97 368 368 3635977 —
North 117 — —— — - — — — — 212 2122903 216°
Midlands :

and West 211 — - — 171 — 313 — — 326 30222273 300"
East 489 2215237 0017 2041 265 31D - 358 317 455 286 353¢
South East 512 2507261 219958 == PSR- 8935 13455 309 340 320 310 3235
South West 543 268 =228 ~ 192 =249 371 '~ 334 300 317 324 2757276 292"
Wales 127 — - — — - - — — 299 256 241 2658
Mean — 246" 242° 200 247 295" - 3M™ 344 333 323%™ 303 295k 307

Standard error of difference between two means: Year 3-9, Region 4-8
Means on the same line or column with the same superscript or no superscript, do not differ significantly (P >0-001)

to have a lower DM than those made elsewhere,
whilst those made in the Midlands and West
(467 g/kg) tended to have a higher DM content. None
of the differences, however, reached significance.

3.3. Area under grass

The area under grass® (Table 11) suggests that most
silage is made in the western part of the country. In
1993, 67-3% of the total was made in the South West
and Midlands and West Regions of England and
Wales, whilst only 4:8% was made in the East. It also
shows that from 1984 to 1993 the proportion of silage

made in the North (16:9%) and Wales (17-7%)
increased to 19-5% and 19-3% respectively, whereas
the proportion made in the South East declined from
12:6% to 10:0%.

3.4. Grass silage effluent

The quantity of grass made by year, region and cut
(Table 12) was used to predict the amount of effluent
produced each year (Table 13) by region from 1984
1994. The total amount of effluent produced was
extremely variable ranging from 494 Ml in 1989 to
1401 Ml in 1993. By far the greatest proportion of

Table 10
Dry matter (g/kg) content of arable silages by year and region

Year Mean
1990 1991 1992 1993 1994  1992-1994
No of

Region samples 5 34 25 36 62 —
North 6 — — 479 491 420 5. 456"
Midlands :

and West 25 — — — 462 489 476°
East 35 — — — — 442 44928
South East 51 — — 557 461 397 429°®
South West 33 — — 567 468 463 466°
Wales 12 — — 508 461 327 394°
Mean — 421° 482° 547 467°°  449°° 458

Standard error of difference between two means: Year 17-2, Region 21-0
Means on the same line or column, with the same superscript or no superscript, do not

differ significantly (P >0-001)
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Table 11
Area under grass and silage made by region in 1993

Estimated area Total Silage

Grassland* cut for silage area cut made Total

(kha) (kha) (kha) (Mr) (%)

<5 years >5 years <5 years >5 years
Region old old old” old

England and Wales 980 3893 784 487 1271 35-26 —
North 166 921 133 115 248 6-88 19:5
Midlands and West 254 829 203 104 307 8-50 2441
East sl 160 41 20 61 1-69 4-8
South East 111 311 89 39 128 3:33 10-0
South West 240 710 192 89 281 7:96 22:0
Wales 158 962 126 120 246 6-81 19-3

“ Taken from MAFF Agricultural Statistics
® Assuming 80% cut for silage’
¢ Assuming 12-5% cut for silage’

effluent was produced from first cut silage (65:3%),
thes:second cut (23:4%), whilst third cut (4:4%) and
big bale silage (6:2%) produced little effluent.

Most effluent was produced in the west (65:4%) i.e.,
Midlands and West, South West and Wales, whilst
only 14-8% came from the South East and East.

3.5. Additives

The DM content classified by acid-additive treat-
ment compared with other treatments (Table 14) was
used to illustrate the effect of acid-additives upon
effluent production from bunker made grass silages
(Table 15). The mean DM content of acid additive-
treated silages (215g/kg) was always significantly
(P<0:001) less than other treatments (252 g/kg), so
that the mean effluent flow was 49-5 and 31-51/t
respectively. Most effluent production occured in 1993
(1314 Ml), when acid-additives were applied to 11-2%
of samples and accounted for 36:5% of the total
effluent produced. In 1986, however, when they were
applied to 26:9% of samples they were responsible for
50:5% of the effluent produced. By contrast in 1989,
they were only used on 6:2% of silages and were
responsible for 14-1% of the effluent proucced.

3.6. Maize and arable silage

Estimated effluent production from maize and ar-
able silages (Table 16) shows that they produced very
little effluent compared with grass silage. Neverthe-
less, the amount produced by maize silage ranged
from practically nothing from 1989-1992 (<5MI) to

over 50 Ml in 1986, 1993 and 1994. The amcunt of
effluent produced from arable silages was always
below 1 Ml "

3.7. Grass silage-effluent and stock

The effect of the type of stock to be fed grass silage
in relation to silage effluent production (Table 17) for
1992-1994 shows that about 50% of the silage made
was for either dairy cows or beef and sheep. Of this,
with dairy cows 55-5% was first cut, 27-8% second cut,
9-2% third cut and 7-5% big bale. Similarly with beef
and sheep silages the proportions were 53:9%, 18:0%,
nil and 28-1% respectively.

In terms of silage effluent, dairy cow silages were
responsible for 67.3% of the effluent produced and
beef and sheep only 32:7%. With dairy cows first cut
silages accounted for 44.2%, second cut 12:0%, third
cut 6-8% and big bale silages only 3-2% of the effluent
produced. With beef and sheep the proportions were
first cut 22:7%. second cut 7-7% and big bale only
34%.

There was,--however, considerable year-to-year
variation in the amount of effluent produced from
both types of silage. For dairy cows silages, the
contrasi between 1992 and 1993 was most marked. In
1992 they produced 549 Ml effluent with 58-4% from
first cut, 19-9% second cut, 16:2% third cut and 5-5%
big bale compared with 905 Ml in 1993 with 70-2%
from first cut. 18:9% from second cut, 7-2% third cut
and 3-7% from big bales.

For beef and sheep most variation occurred be-
tween 1993 and 1994. In 1993, 496 Ml of effluent was
produced with 72-8% from first cut, 16:3% second cut
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Table 12

Quantity of grass (Mt) made by year i.e.,
1984, 1989 and 1993, region and cut

Table 13

Grass silage effluent production (MI) by
region 1984, 1989 and 1993

Year Year
Region 1984 1989 1993 Region 1984 1989 1993
North North
1st cut 2.589 3.20 365 1st cut 54 52 150
2nd cut 116 148 - 168 g;‘g (fl;]tt 2 12 ‘]‘8
3rd cut 0-19 0-25 0-28 Big bale 2 ’ 13
Big bale 029 +0-70 1-26 Total 66 70 217
Midlands and West
Ist cut 3-68 4-62 4-53 Midlands and West
2nd cut 1-70 213 2.09 1st cut 112 128 263
3rd cut 028 036 035 =04 cut 28 3 i
: 3rd cut 5 12 17
Big bale 0-43 1-01 1-57 Big bale 3 10 25
East Total 148 181 382
1st cut 0-72 0-92 0-90
2nd cut 633 043 D41 East
3rd cut NG 00 o7 ;ztd";‘lt 2}1 g ?3
Big bale 0-08 0-20 0-31 B ins 1 1 2
South East Big bale 1 1 3
1st cut 1-88 1-96 1-87 Total 27 13 49
2nd cut 0-87 0-90 0-86
3rd cut D44 015 04 South East
Big bale 027 . 042 065 ;‘ Sae ?j 2§ ;g’
South West 3rd cut 4 2 S
1st cut 346 4-35 413 Blg bale 1 2 o
2nd cut 1-60 2-01 1-91 Total 81 38 113
3rd cut 0-27 0-33 0-32 et oo
Big bale 040 095 1-43 =
Wales ;itdc;;t i% gg Zgé
1st cut 2:64 3-48 3-63 Srd ciit 8 13 15
3rd cut 0-20 0-27 0-28 Total 115 107 334
Big bale 0-31 0-76 1-26
Wales
1st cut 49 59 210
2nd cut 20 16 62
3rd cut 3 6 13
Big bale S 4 19
and 10-9% big bale, compared with 178 Ml in 1994 Total 17 85 304
with 42-1% from first cut, 44-9% second cut and only All Regions
12:9% from big bales. Ist cut 380 - 345 068
2nd cut 91 87 284
3rd cut 25 38 62
Big bale 18 24 87
- umayy Total 514 494 1401

3.8.1. Silage made

In 1984, of the 25-30 Mt of silage made, 97-5% was
as grass silage and the remaining 2-5% as maize. Of
the grass silage, 60-4% was made as first cut, 27-9%
second cut and 4-7% third cut bunker silage, with 7%
as big bales. By 1994 the total amount made had
increased by 149% to 37-55Mt: of this 90-9% was
grass, 7-8% maize and only 1-3% arable silage. With
grass silage, 53-2% was first cut, 24-6% second cut and

4-1% third cut bunker silage, with 18-1% made as big
bales. In 1994, 49-1% of the grass silage made was for
dairy cows and 50-9% for beef and sheep. For dairy
cows 55:6% was first cut, 27-8% second cut and 9-2%
third cut with 7-3% as big bales. For beef and sheep
the values were 53-6% first cut and 17-9% second cut
bunker silage, with 28:5% as big bales.
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Table 14

Bunker silage dry matter (g/kg) content classified by additive treatment and year as % distribution within selected ranges
together with the effluent produced a/t

Year
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Mean
Acid-treated silages
<150 0-6 1ol 02 0-8 0-9 0 0:5 1-0 0-6 0-5 0-4 0-6
150-200 14-5 245250 293 25213+ 88 - 333 225 21 R0 . 200
200-250 57-8 4595 580 0 S117 53305546 618476 . A 46:9 - 423 507
250-300 217 36g 138 128 168 2 26 16T B 12:6 - @32 = 1R-9
>300 5-4 56 5-8 6-0 3-8~ 10:1 83 14 105 - 124 9:2 71
Effluent (1/t) 43-0 517 . %33 - 5807 544 B89 3757 620 46:0 540 490 498
Other silages
<150 0-6 0-5 0-1 0-6 0-1 0-2 0-3 0-2 0-1 0 0-1 0-3
150-200 10-6 17:3 4200 10161 A6 1052140 1 10:9 4:9 2413 12-6
200-250 348 39:25 13730 =401 411 316, 346 437 342 297 a0y s
250-300 25°3 .5 ot 4 S 199 WA 060 - 195 2] 26:8:: 263238
>300 28-7 5 - W0 28 28 8- 286 151 20-7 - :39:2 098 27 ]
Effluent (1/t) 29-4 A8 V4 - WY 32 037 286 - A¥] 28:5 249+ 2880 316

3.8.2. Effluent

3.8.2.1. Effluent production over time. The total
quantity of effluent made varied considerably from
year-to-year. Least effluent occurred in 1989, when the
33-37Mt of silage made produced 497 Ml effluent.
Grass silage accounted for 97-4% of the silage made
and 99-4% of the effluent produced. Corresponding
values for maize silage were 2-2% and 0-6% and
arable 0-4% and nil respectively. With grass silage
69-8% was from first cut, 17-6% second cut, 7-7%
third cut with only 4-9% from big bales. Most effluent
came in 1993, when the 37-93Mt of silage made
produced 1464 Ml effluent. Grass accounted for
93-0%, maize 6:0% and arable 7-0% of the silage

made and 95:7% 42% and 0-1% of the efflucat
production.

3.8.2.2. Effluent and stock. In 1993 with grass si-
lage, 51:7% of the silage made was for dairy cows and
48-3% for beef and sheep, but they were responsible
for 64-6% and 35-4% respectively of the effluent.
With dairy cows the proportion of silage made was
55.7% first cut, 27-9% second cut and 9:3% third cut
with 7-1% as big bales and effluent produced 70-1%,
18-9%, 7-2% and 3-8% respectively. With beef and
sheep the proportions for silage made were first cut
bunker 52-2%, second cut bunker 17-4% and big bales
30-4 and effluent produced 72:8%, 16:3% and 10-9%
respectively.

Table 15
Effect of acid silage additives upon effluent production from bunker made silages 1984-1994

Year
1984 1985 1986 1987 1988 1989 1990 1991 719927, 1993. 1994

Other Silages

Quantity made (Mt) 22.94 2725 2881 2944 30-28 28-45 2854 2971 29-18 2878 27-47

Mean DM (g/kg) 254 241 235 236 234 273 257 235 261 281 264

Effluent (1/t) 29 39 33 39 37 20 29 45 28 19 28

Total (Ml) 496 903 841 1039 985 470 587 953 886 1314 717
Acid-treated silages v

Treated, % 15:2 17-8 269 25:1 24-1 62 il 11-9 11-7 112 9:5

Quantity made (Mt) 3-49 4-85 = 735 7:30 176 448 3:53 3-41 3:22 2-60

Mean DM (g/kg) 212 207 207 202 205 220 215 199 234 226 231

Effluent (1/t)° 43 52 53 56 54 39 38 62 46 53 48

Total (MI) 131 251 425 438 405 66 141 182 200 480 134

* Assuming acid-treatment increases a total effluent production by 17% (Ref 6)
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Table 16
Effluent production from maize and arable silage

Year
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Maize

Quantity made (Mt) 0-63 0-82 1413 0-95 0-80 0-75 1-00 1-32 1-58 2:28 2-94

Mean DM (g/kg) 246 242 207 247 295 331 344 333 320 303 295

Effluent (1/t) 29 40 65 23 15 45> 2 3 3 27 18

Total (Ml) 18 33 73 22 12: 3 2 4 5 62 53
Arable

Quantity made (Mt) e — — 0-02 0-14 0-12 0-16 0-24 0-28 0-39 0-47

Mean DM (g/kg) — = = — — — 42 482 547 467 449

Effluent (1/t) — — — — — — Nil 0-3 0-4 1 2

Total (MI) — — —_ — — - Nil <0-01 0-1 0-4 0-9

3.8.2.3. Effluent by region. Most grass silage was
made in the western grassland areas, i.e., in 1993,
24-1% in the Midlands and West, 22:0% South West
and 19-3% in Wales with only 10-0% in the South
East and 4-8% in the East. The proportion of effluent
coming from the former areas was greater i.e. 27-3%,
23:9%, 21:7% for the Midlands and West, South West
and Wales with only 8:1% from the South East and
3:5% from the East.

3.8.2.4. Effluent and additive use. With grass silage
the proportion of effluent coming from acid-treated
silages was highly variable. In 1986 acid-additives were
applied to 26:9% of the silage made, but
were responsible for 50-5% of the effluent pro-
duced, whereas in 1989 they were used only 6-:2% of
samples and accounted for 14:1% of the effluent
produced.

4. Discussion
4.1. Quantities of silage

Grass is still by far the most common forage ensiled
in England and Wales,"” with most ensiled in the
western part of the country.® However, the quantity
made has stabilized at about 35 Mt with little change
since 1991. The quantity of maize silage is increasing
rapidly,’® but is still small in comparison with grass
silage. It may well increase further if global warming
and a more arid climate occur. Similarly, the quantity
of arable silage made is increasing at a similar rage to
that of maize silage. Nevertheless the amount is
negligible in comparison with grass silage and will
probably remain so, because of the problems as-
sociated with feeding it.%°

4.2. Silage dry matter

The present work supports previous conclusions®®®
that the DM content of both bunker and big bale grass
silages is extremely variable. Both in terms of
between-year variation and that within a single year in
terms of cut and the region in which it was made. It,
does however, develop the information further, and
shows that the DM content of first cut silage made in
bunkers was consistently less than that of second cut
silages. Probably because the former were made in
more adverse weather conditions.® The DM content of
first cut bunker made silage was less than that for
second cut silage, irrespective of whether they were to
be fed to dairy cows or beef and sheep. Probably
because the former were generally cut earlier in less
favourable weather conditions.> The DM content of
first cut dairy cow silage was consistently lower than
other silages, probably because they are made from
low DM grass®' in unfavourable weather conditions,
but also because more milk is produced from wet
additive-treated silages than from wilted silage.?***
However, first cut silages intended for beef and sheep
were drier, because they were cut later, when the
weather was more settled. Despite the fact that animal
performance is less from wilted silage,?® big bale grass
silages, irrespective of the stock intended to be fed the
silage, were consistently dry because generally small
quantities were made in favourable weather
conditions.”® For maize silage, the results show that
in recent years it has been made with DM content
above 300 g/kg. Nevertheless it was noticeable that in
recent years the variation in DM content has been
much more apparent with about 25% having DM
below 250 g/kg. Probably because with the increase in
area sown, more is being grown under less favourable
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Table 17

Effect of type of stock fed grass silage and effluent produc-
tion 1992-1994

Year
1992 1993 1994

Bunker silage

Silage made® (Mt) 29-12 28-83 27-97

Dairy cows

Number of cows” (M) 2:19. 9393 =901

Silage eaten® (MtDM) 3-83 3.90 3-87

Ist cut (Mt) 9-04 10-17 932

2nd cut (Mt) 4:53 509 466

3rd cut (Mt) 151°271.69. 5 2155

Total (Mt) 15-08 16-98 15-53
Beef and sheep

Silage eaten (Mt) 14-72 11-87 12-44

Ist cut® (Mt) 11-04 890 9-33

2nd cut® (Mt) 3:687%0.07 7 3.1
Big bale

Silage eaten (Mt) 643 648 617

Dairy cows' (Mt) 1:29-1-30 2:1:23

Beef ar. sheep' (Mt) 514 518 494
Effluent produced

Diary cows

Ist cut (M) 3215635 468

2nd cut (M1) 1097171109

3rd cut (M1) 89 65 65

Big bale (M1) 30 34 41

Beef and sheep

Ist cut (MI) 298 361 75

2nd cut (M1) 88 81 80

Big bale (Ml) 38 54 23

Total (M1) 424 496 178
Total effluent

produced (MI) 974 1401 800

* Taken from Table 1

" Taken from December Agricultural Returns for England
and Wales'®

“Assuming 70% of dairy cows consume 2-5t silage DM
each winter

¢ Assuming 60% 1st cut, 30% 2nd cut and 10% 3rd cut

© Assuming 75% 1st cut and 25% 2nd cut

" Assuming 20% of big bale silage is fed to dairy cows and
80% to beef and sheep

conditions. Arable silage consistently had a high DM
content because it was cut at a late stage of maturity"’
in favourable weather conditions.

4.3. Effluent

Most effluent consistently came from first cut bunker
made grass silages, particularly those fed to dairy
cows. This was partly because a large proportion of
the total quantity of silage made, was first cut bunker
silage intended to be fed to dairy cows. The silages
also had a low DM content because young low DM

grass was cut more often to make silage.®* These
silages were treated with acid-silage additives. Such
additives improve the fermentation compared with
other treatments,?*?® but appreciably enhance effluent
production,® particularly in the early stages of ensilage
when most effluent is produced.® Their continued use
on wet silage had appreciably contributed to effluent
production,? particularly in wet seasons when their
use increases. Other bunker made grass silages gene-
rally had less effect upon effluent production, because
less quantities were usually made from more mature
le., drier herbage in better weather conditions.
Nevertheless, under prolonged adverse weather con-
ditions as in 1991, they may comprise over 55% of the
effluent produced.

Big bale grass silages posed few problems in terms
of effluent production, because silage made with DM
above 290 g/kg produces no effluent.* Generally they
were made in favourable weather conditions with littie
rain and high levels of sunshine.”® Similarly maize and
arable silage pose little if any problem in terms of
effluent production, because they are usually made
with DM greater than 300 g/kg. Nevertheless in recent
years, with the increased area of maize sown and the
fact that some has therefore been grown under less
than ideal conditions, it cannot be discounted in terms
of effluent production.

The present results endorse those of Haigh® that
effluent production is highest in the grassland areas of
the west and least in the East and South East. It
demonstrates that this was because a considerable
proportion of the silages made in the fomer area were
wet first cut silages intended to be fed to dairy cows
whereas, in the latter areas, lower quantities of drier
silages were made.

5. Conclusions

Effluent production from grass silage (first, second
and third cut bunker made and big-bale), maize and
arable silage made in England and Wales from 1984
1994 was calculated using the equation of Bastiman®
from the quantities of silage made by MAFF Region
and Wales and the dry matter (DM) range of the
silages produced in each year.

5.1. Quantity made

The total quantity of silage made has increased by
148% from 25-30 Mt in 1984 to 37-55 Mt in 1994. In
1984 practically all the silage made was grass
(97-5%), with negligible amounts of maize (2:5%) and
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arable (nil). The proportion of grass silage made in big
bales was 7-:0%. By 1994, the proportions were 90-9%
grass, 7-8% maize and 1-:3% arable, and the propor-
tion of grass silage made in bales had risen to 18:1%.

5.2. Silage dry matter

For bunker made grass silage the average dry
matter (DM) content of first.cut (241 g/kg) and third
cut (243 g/kg) was significantly (P <0-001) lower than

second cut (260g/kg). The DM content of big bale ™
silage (345 g/kg) was significantly (P <0-001) higher’

than that made in bunkers. However, for each cut

there were large between-year variations in DM.

content. The DM content of both first and second cut
bunker silage and big bale made for dairy cows (233,
268 and 324 g/kg) was significantly (P <0-001) less
than that made for beef and sheep (263, 299 and
385 g/kg). Since 1988 the average DM content of
‘maize silage has been above 290 g/kg; whilst arable
silave consistently had a DM above 400 g/kg.

5.3. Effluent

Overall, grass accounted for 95:8%, maize 3-8%
and arable 0-4% of the silage made and 97-1, 2-8 and
0-1% of the effluent produced. Similarly, the propor-
tions for grass silage i.e., silage made and effluent
produced were bunker first cut 55-8 and 65:8%,
second cut 25-7 and 23:6%, third cut 4-3 and 4-4%
and big bale 142 and 6-2% respectively. Acid-
additives were applied to 15-9% of the silage made
but were responsible for 23-7% of the effluent.

Approximately 50% of the grass silage was made
for either dairy cows or beef and sheep, but they
produced 67-3% and 32:7% of the effluent respec-
tively. Similarly the proportions for dairy cow silages
ie., silage made and effluent produced were bunker
first cut 55-5 and 66:7%, second cut 27-8 and 18:2%,
third cut 9-2 and 10-3% and big bale 7-5% and 4:9%.
For beef and sheep they were first cut 53-9 and 66-8%,
second cut 18:0 and 22-7% and big bales 28-1 and
10-5% respectively.

Most silage (65:4%) was made in the west i.e.,
Midland and West, South West and Wales and only
14-8% in the East and South East. The former,
however, produced relatively more effluent i.e. 72-9%
compared with only 11-6% from the latter.
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