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Legume-cereal forage mixtures for silage
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ABSTRACT

The effect of variety, maturity and sowing density of pea in mixturcs with spring wheat and Italian
ryegrass grown for silage on dry matter yield, level of nutrients in green forage and chemical
composition and quality of silage was studied. The average dry matter yield of the forage mixtures for
the factors and vegetative seasons studied was 7.4 t ha'. The participation of pea ptants in mixtures
before ensiling was from 31 to 45% and that of spring wheat and Ttalian ryegrass from 39 to 46% and
from 13 to 23%, respectively. The dry matter in green forage from the mixtures averaged 250 g kg’
and in silage 224 g kg”'. Rumen degradability of dry mattcr of the of silage during 2 (o 48 h incubation
ranged from 52 to 81%. No significant effect of pea variety and mixture sowing density on yicld, dry
matter and nutrients contents in green fodder and chemical composition of the silage (P0.05) was
found. A significant effect of pea maturity and year of growth of the forages on content of nutrients in
the green forage and chemical composition of the silage was found (P<0.01).
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INTRODUCTION

Spring wheat, pea plants or legume-cereal forage mixtures are alternative
plants for silages in areas where growing maize may by risky. The problem of the
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growth and ensiling of whole cereal plants is well known (Kirchgessner et al.,
1989; Bergen et al., 1991; Michna and Poloczek, 1993). Studies have aiso been
conducted on the growth of pea plants for silage but because of the lodging of the
plants and losses during harvest the species has not found practical use
(Brundage et al.; 1979, Potts, 1980, 1982; Faulkner, 1989; Stryk, 1990). An
agrotechnical factor enabling the growth of pea plants for silages is the use of
spring crops as a support for pea plants. Preliminary studies made by Urbanski
and Brzoska (1991} and Ostrowski and Daczewska (1993) indicate that mixtures
of pea plants and spring wheat together with companion crop of grass or lucerne
are characterized by relatively high nutritive value.

The aim of the present study was to determine the effect of the major
agrotechnical factors in growth of forage mixtures on yield, nutritive value of
green forage and chemical composition and nutrient degradability of silages
from the mixtures.

MATERIAL AND METHODS

Growth experiments were carried out in 1988 and 1989 in the Experimental
Station of Research Institute for Animal Production at Lipowa, 360 m above sea
level, on podsolic type mineral soil, pH 5.7.

Yield and chemical composition of forages

Tri-factor field experiments were carried in split-plot (5 x 15 m) system, in four
replication for each factor. The material used was legume-cereal-grass mixtures
composed of pea (varieties Ramir, Koral, Opal), spring wheat (var. Henika) and
Italian ryegrass (var. Gaza). The amounts used for sowing per ha™ in both years
were:

low seed rate (pea 150, wheat 52.5 kg)
medium seed rate (pea 200, wheat 70 kg)
high seed rate (pea 250, wheat 87.5 kg)

TItalian ryegrass was sown at a constant value of 45 kg ha™', irrespective of the
sowing density of the main components. Sowing of the mixtures was preceded by
mineral fertilization, in the first year 56 kg N, 92 kg P,O,and 150 kg K,O ha', in
the second year 51,92 and 142 kg ha'!, respectively. Seeds of pea and spring wheat
were cross sown separately with the use of cereal seeder, with a distance between
rows of 15 cm. Pea was sown 4-5 cm deep and wheat 3 cm deep. Italian ryegrass
was sown by breadcasting. After sowing the plots were harrowed. During
growth no mechanical or chemical protective measures were used. The mixtures
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were cut and ensilaged at three stages of pea maturity: pod setting (A), flat pods
(B) and full pods with milk and dough maturity of the seeds (C). The first date
of harvest was between July 6 and 15, the second and third between July 12
and 23, and between July 20 and 29, respectively. After harvest the mixtures the
aftercrop of grass was fertilized with 51 kg N ha™' and then cut twice 35-40 days
apart.

Chewrical composition and rumen degradability of silages

In both vegetative seasons the mixtures were used to make silages in
laboratory scale. Directly after cutting the green forage was cut into chaff 2-4 cm
long and placed in 3 dcm® fermentation silos. The silos were then closed in
a manner allowing the escape of excess fermentation products but preventing
access of air. The silages were stored for 60 days in darkened room at 10°C after
which pH, chemical composition, quality and dry matter degradability in the
rumen were determined.

Analysis

Yield of the mixtures and aftercrop of grass was determined by cutting and
weighing the mass of the plants from 33% of the surface of each plot (25 m?). The
mixtures were harvest when 50% pea plants were at a specific stage of maturity.
At each of the dates after cutting of the plants about 3 kg fresh weight was
collected and its dry matter content and botanical composition determined. The
remainder was dried in air dryer for chemical analyses. Dry matter was
determined at 105°C and its content in silages was corrected for volatile
substances (Dulphy and Demarquilly, 1981). The nutrients content in the green
forage was determined using conventional methods (AOAC, 1990) and that of
monosaccharides colorimetrically (Deriaz, 1961). The level of short chain fatty
acids in the silages was determined in aqueous extracts using the method of
Lepper (VDLUFA, 1988) and that of ammonia-N by Kieldahl’s distillation
method with the use of magnesium oxide (Skulmowski, 1974). The quality of
silage was estimated by Flieg-Zimmer’s method.

Dry matter degradability in the rumen was determined according to @rskov et
al. (1980) on three mature bullocks with 70 mm diameter rumen cannulas, fed
twice each days with a dose composed of meadow hay and ground barley in ratio
2:1, supplemented with mineral mixture and salt. Five gram samples of silages
were incubated in polyamide bags for 2, 4, 8, 16 and 48 h.

Statistical analysis were carried out by variance analysis and Tukeys test
(Elandt, 1964).
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RESULTS
Atmospheric conditions and yield of forage mixtures

The amount and distribution of rainfall and air temperature during the course
of the study is given in Table 1. The yield of dry matter of the mixtures, averaged
for the studied factors, was 7.4 t DM ha™ and the yield together with aftercrop of
grass 9.9 t ha'! (Table 2). The effect of pea variety and mixture sowing density on
yield and DM in the green forage was not significant (P=0.05).

Botanical and chemical composition of forages

The participation of pea in biomass of green forage ranged from 31 to 45%,
that of spring wheat from 39 to 46% and that Italian ryegrass from 13 to 23%
(Table 3). The mutual proportions of the plant species in the mixtures depended
above all on sowing density. Increased density of pea and spring wheat was
accompanied by reduced content of grass in the biomass. A significant effect of
season and maturity on content of pea in the mixtures and content of dry matter
and nutrients in the green forage of the mixtures was observed (P<0.01). Crude
protein content in the biomass of the mixtures averaged 140.4 g kg’ and that of
crude fibre 311.4 g kg'' DM. No significant effect of pea variety and mixture
sowing density on protein content, ether extract, crude fibre and ash in the forage
was found. Maturation of the pea plants was accompanied by reduced protein
content in the forage. The crude fibre content remained unchanged. The average
monosaccharide content in the green forage of the mixtures was 94.2 g kg’ DM
and the studied agrotechnical factors as well as year of cultivation did not
significantly affect their level.

Chemical composition of silage, rumen degradability

The content of dry matter in 206 silages averaged 224.2 g kg''. The pH was 4.2
(Table 4). No significant effect of pea variety and mixture sowing density on acid
content in the silages or participation of ammonia-N and total-N in the silages
was determined. The silages evaluated with the use of Flieg-Zimmer’s scale
scored 66 and 84 points in the two different years. The studied factors did not
significantly affect the quality of the silages.

Degradation of silage DM in the rumen after 2 to 48 h incubation was from
52.0t0 80.8%, and 73.8% after 24 h (Table 5). No significant effect of pea variety
and mixture sowing density on rumen degradability of DM of silage was found.
However, differences in the degradability of the silages in the consecutive
vegetative seasons were significant (P<0.01).
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TABLE 1

Air temperature and rainfail during two vegetation periods

1988 1989
Month
Air temperature Rainfall Air temperature Rainfall
'C mm iC mm

April 7.2 35.1 9.7 101.1

May 14.5 66.5 12.7 110.3

June 15.2 119.6 14.4 144.6

July 18.9 727 17.5 749

Average year temperature 83 - 8.9 -

Total - 8294 - 788.5
TABLE 2

Dry matter vield of forage mixtures and grass cutch crop, t ha™

Forage mixture DM content Grass cutch crop DM yield Total

Treatment DM yield g kg' out 1 st cut 2 nd DM yield
Variety
Ramir 7.60 246.6 1.41 1.06 10.07
Koral 7.67 254.6 1.56 1.05 10.27
Opal 6.99 248.5 1.42 0.97 9.37
P<0.0l NS NS NS NS NS
Sowing density
low 7.15 246.1 1.63 1.05 9.82
medium 7.57 249.2 1.40 1.00 9.89
high 7.53 254.4 1.36 1.03 5.91
P=<0.01 NS NS NS N3 NS
Stage of maturity
A 6.54° 204.4° 1.60 1.14 9.28
B 7.74 238.1° 1.3¢9 1.02 10.15
C 7.97 307.2° 1.40 0.93 10.29
P=<0.01 o b NS NS NS
Year
1988 7.14 246.6 1.27° 1.06° 9.47°
1989 7.67 2532 1.66 0.99° 10.34*
P<0.01 NS NS o b **
Average 7.42 249.9 1.46 1.03 9.90
SD+ 0.96 48.9 0.38 0.24 1.09
¥ -P<0.01
NS - non significant

SD+ - standard deviation mean

a,b,c —valuesin columns for treatments with the same letters are not differ significantly at P<0.01
A - pod setting

B - flat pods

C — full pods with milk and dough maturity
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TABLE 3
Botanical composition and nutrient content in forage mixture {g kg"' of DM}
Species Nutrients
Treatment
Pea  Wheat Grass Weeds Crude FEther Crude WN-free Ash
protein extract fibre extractives
Variety
Ramir 40.6°  42.1* 16.7 1.3 140.3  38.2 3045 4372 798
Korat 31.9* 487 18.2 1.4 140.5 379 3061 4322 833
Opal 4.4 387" 19.0 1.7 140.5 398 3236 4166 795
P<0.01 ** *x NS NS NS NS NS NS NS
Sowing density
low 343 424 230 1.9 138.1 39.1 3129 4262 837
medium 382 44.9 17.4% 1.5 140.8 381 309.1 4316 804
high 44.3 422 13.5° 1.1 142.3 388 3121 4285 783
P<0.01 NS NS ** NS NS NS NS NS NS
Stage of maturity
a 41.3 41.0 19.2 1.7 150.2 378 3154 4110 85¢
B 40.7 421 18.4 1.5 141.6  39.1 317.1 4208 814®
C 349 46.5 16.4 1.3 1295 1391 301.6 4543 7550
P<0.01 NS . NS NS NS NS NS NS NS **
Year
1988 314" 460 23.00 0.0 120.° 3169 2943 470.3* 785
1989 46.7° 40.4 12.9° 3.0 160.9*° 405 3285 3871 832
P<0.01 *x NS ¥ NS il NS ** ** NS
Average 38.9 43.2 17.9 1.5 140.4 387 3114 4287 808
SD+ 130 90 7.9 1.5 242 5.4 234 21.8 7.7
** -P<0.01
NS — non significant
SD+ - standard deviation mean
a, b — values in columns for treatments with the same letters are not differ significantly at

P<0.01
A, B, C - seelable 2

DISCUSSION

The obtained results indicate that the yield of legume-cereal mixtures in
highland conditions characterized by considerable precipitation and short
vegetative season exceeds 7 tons of DM per ha and total yield including aftercrop
of grass approximates 10 t per ha, that is equals the yield of maize in years
favouring its cultivation in these conditions. Similar yields of pea with spring
wheat and companion crop of lucerne were obtained in the soil and climate
conditions of Wielkopolska (Ostrowski and Daczewska, 1993). The yield of
home varieties of pea grown for green forage is about 5.5 t, but for some varictics
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TABLE 4
Chemical composition of silages

Treatment DM content pH  Acids, g kg' of dry matter ~LA/TA Ammonia N Score

g ke’ Lactic Acetic  Butyric x 100 total N %
Variety
Ramir 196.1" 43 56.3 20.2 4.8 69.2 5.65 72
Koral 219.5* 42 60.0 19.5- 38 72.0 5.12 73
Opal 257.0¢ 42 63.6 19.6 6.2 71.1 6.35 81
P<0.01 i NS NS NS NS NS NS NS
Sowing density
low 219.8 42 60.9 20.0 5.0 70.9 5.56 75
medium 224.7 42 60.0 19.6 53 70.7 5.58 75
high 228.2 4.2 392 197 4.4 71.1 5.98 75
P<0.01 NS NS NS NS NS NS NS NS
Stage of maturity
A 2134 43 69.2* 23.0 7.6* 69.3 7.74* 66
B 221.5 4.1 63.3 21.0* 3.8 71.8 5.49° 82
€ 231.8 43 49.1° 15" st 72.5 3.89° 78
P<0.01 NS NS o it ¥ NS b NS
Year
1988 213.6 4.2 51.5" 18.7 8.0* 68.3° 4.09° 66"
1989 234.8 42 62.2* 20.4 2.0° 3.5 7.32* 84
P<0.01 NS NS ¥ NS b s i i
Average 2242 42 60.0 19.6 49 71.0 571 75
SD+ 50.0 0.2 12.5 12.5 | ) 8.5 1.85
e - P<0.01
LA/TA x 100 - lactic acid/total acid ratio
NS - non significant
SD+ - standard deviation mean
a, b — values in columns for treatments with the same letters are not differ significantly at
P<0.05

A, B, C - see table 2

can exceed 7 t DM per ha (Wiatr, 1989). Although no significant effect of pea
variety on mixture yield was found, both domestic (Wiatr, 1989) and foreign
(Potts, 1980) studies point differentiated yields of varieties cultivated in pure
culture for green forage. Our results also indicate that mixture sowing density
does not significantly affect DM yield, which may be of importance for costs of
mixture cultivation. Significant differentiation of mixture yields in consecutive
years of cultivation was determined. The greater amount of rainfall in April and
May of the second year caused better germination of pea and significantly higher
pea content in the mixtures and higher mixture yield.
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In the course of cultivation of multi-species mixtures of plants proper
proportions between the botanical components are established as a result of
competition for light over the soil and nutrients and water in the soil. The
participation of pea plants in the studies mixtures did not exceed an average of
47% biomass for the studied factors and was modified by agrotechnical factors,
particularly sowing density and pea maturity. Forage mixtures grown with low
seed rate sowing contained less pea and more grass since a looser stand of the
plants creates better conditions for growth of the latter, as shown in earlier
studies (Walker et al., 1990). Differentation of home pea varieties grown for
forage was 8 to 11 days to reach the stage of flat pod and was achieved between
July 15 and August 5 (Wiatr, 1989).

The nutritive value and usefulness of the forage mixtures for silage was
determined by dry matter content, protein and monosaccharides fermented by
bacteria to organic acids (McDonald et al., 1991). Crude protein content in the
mixtures of about 140 g kg DM is much higher than in the case of maize but lower
thanin grass, lucerne and clover. Changes in the content of nutrients in forage are
on the whole compatible with the results of Aman and Graham (1987) who
studied the chemical composition of whole pea plants during its maturation and
found that differences in the composition were a result of changes in the
proportions of leaves to stems. Basing on monosaccharide analysis and
structural analysis of peas plants and their morphological fractions, the authors
concluded that the best date for the harvest and silage of whole pea plants is the
stage of seed formation in the pods. It can be assumed that a similar process
occurred in the course of our studies and concerned not enly pea but also wheat,
The results of our studies indicate that prolonging the date of the harvest of
mixtures for silage to the stage of full pods does not reduce the quality of the
silages. It can be assumed that this is due to the favourable effect of Ttalian
ryegrass in the mixture biomass, which is characterized by high content of readily
fermentable sugars (Brzoska et al., 1986). It is also important that agrotechnical
factors do not significantly affect the content of nutrients in forage and silages
from the mixtures and the relatively high dry matter content in the mixiure at the
filled pea pod stage can determine good quality of the silages. When the dry
matter content in the forage is relatively high (about 30%) its partial drying is not
necessary and furthermore the escape of fermentation juices is limited (Wool-
ford, 1984). The lower content of fermentation products in silages from forage
mixtures cut in the last stage of pea maturity probably resulted from their igher
dry matter content (McDonald et al., 1991). An advantageous feature of the
studied silages is their low content of ammonia-N, which reflects low degree of
protein degradation during fermentation. The degree of DM degradability of the
silages in the rumen is high and resembles that of the degradation of silages from
grass and legumes (Van Straalen and Tamminga, 1990). Agrotechnical factors
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do notsignificantly affect its size. The studies silages were classified as of average
protein content, with intermediate between maize and legume-grass ensiling
capacity. Silages from legume-cereal mixtures with companion crop of Italian
ryegrass and without addition of any preservatives or stimulators of fermen-
tation should be regarded as good and the fermentation process occuring in them
correct.

CONCLUSIONS

Mixtures of pea with wheat spring and companion crop of Italian ryegrass
grown for silage in highland regions give a yield of dry matter, together with
aftercrop of grass, equal to that of maize grown in those conditions.

Agrotechnical factors, i.e. pea variety and mixture sowing density can
differentiate the yield but do not significantly affect the content of nutrients in the
forage or the chemical composition and quality of the silage.

In respect of size of yield and chemical composition of the silages the best
season for cutting the mixture is at the stage of full pods and milk and dough
stages of the pea seeds.
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STRESZCZENIE

Mieszanki stragczkowo-zhozowe na kiszonke. 1. Wplyw odmiany i fazy dejrzalosci grochu oraz gestosei
siewn mieszanek na plon suchej masy oraz sklad chemiczny kiszonek

Badano wplyw odmiany, fazy dojrzatosci i ggstosel siewu grochu w mieszankach z pszenic jarg
i zycicag wielokwiatowg w uprawie na kiszonkg, na plon suchej masy, zawartos¢ skladnikow
pokarmowych w zielonce oraz sklad chemiczny 1 jako$¢ kiszonek. Plon suchej masy mieszanek
wynosit srednio dla badanych czynnikéw i sezondw wegetacyjnych 7.4 t ha''. Udziat roslin grochu
w mieszankach przed zakiszeniem wahal si¢ od 31 do 45%, pszenicy jarej od 39 do 46%, a Zycicy
wiclokwiatowej od 13 do 23%. Zawarto$¢ suchej masy w zielonce mieszanek wynosita srednio
250 g kg, & w kiszonkach z mieszanek Srednio 224 g kg'. Degradacja zwaczowa suchej masy
kiszonek od 2 do 48 godzin inkubacji wynosila od 52 de 81%. Nie stwierdzono istotnego wplywu
odmiany grochu i gestosci siewu mieszanek na wysokosc plonu, zawartosc suchej masy i skladnikow
pokarmowych w ziclonce oraz na sklad chemiczny kiszonek (P2 0.05). Stwicrdzono istotny wplyw
fazy dojrzalosci grochu i roku uprawy mieszanek na zawartosé sktadnikéw pokarmowych w zielonce
i sktad chemiczny kiszonek (P<0.01).



