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Abstract

Berseem clover (Trifolium alexandrinum L.) is the main winter forage legume in Egypt. Despite
that the yield and protein content of berseem clover are high, it is characterized by low dry matter
content especially in the 1st cut. Intercropping berseem clover with forage grasses, especially an-
nual ryegrass (Lolium multiflorum Lam.) is a recommended technique to produce higher forage
yield with better balanced nutritional quality. However, little is known about the performance of
these proposed mixtures under the arising organic farming system in Egypt. Organic farming and
the application of organic fertilizers (compost and poultry manure) are receiving increased atten-
tion in the last few years. Thus, the current study was carried out on the winter season of two suc-
cessive years (2012 and 2013) in the experimental station of SEKEM organic farm, Egypt. Main aim
was to investigate the variation in 1st cut forage yield and nutritive value of berseem clover and
annual ryegrass, grown in pure stands and with three mixing rates, under three organic fertiliza-
tion regimes (compost, poultry litter, and no fertilization). Nutritive value was judged through in-
vestigating the crude protein (CP), total carbohydrates (TC), and fiber fractions (NDF, ADF, and
ADL). Results revealed significant two-way interaction between the forage treatments and the fer-
tilization regimes for all the studied parameters. In general, mixing berseem clover with annual
ryegrass, fertilized by compost or poultry litter resulted in significantly higher forage yield, dry
matter content, and balanced CP, TC, and fiber fractions, compared to the pure stands.
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1. Introduction

Berseem clover (Trifolium alexandrinum L.) is the most important forage legume crop in Egypt and some of the
world countries, particularly those having long winter season with cold-moderate temperature. It is grown either
in monoculture or together with different grasses such as ryegrass, barley and oat [1]. Despite that the yield and
protein content of berseem clover are high, it is characterized by low dry matter content especially in the 1* cut.
Thus, intercropping berseem clover with forage grasses is a low input technology that has many useful effects
on the forage’s productivity and nutritive value [2] [3]. Choosing favorable mixtures scores several advantages,
i.e. yields of mixtures tend to be greater compared with legume or grass alone. Also, legumes supply nitrogen to
legume-grass mixtures so it may produce more forage yield than grasses grown alone. The yield of grasses in
such mixtures may be greater than its yield when grown in pure stands. Grasses in legume mixtures also contain
a higher percentage of protein. Mixtures of grasses and legumes provide a useful model for a better quality diet
for animals. The successful mixture needs to be selected from these forage crops that possess compatible maturity
and harvesting schemes, complement each other in growth distribution and ecological niche, and do not, severe-
ly, compete with each other for growth and life requirements [1] [4]-[6]. The mixture of ryegrass (Lolium mul-
tiflorum Lam.) with berseem clover was proposed to fulfill all these requirements [7]. It was then reported that
the mixture of ryegrass and berseem clover produced the most superior yield and quality than each of them indi-
vidually [8] [9]. Thus, berseem clover and annual ryegrass may have a potential as annual mixtures under the
Egyptian conditions. However, in order to have a balanced nutritional diet for animal, optimum mixing rate
should be used [10]. Optimum seeding rate in the mixture depends mainly on some factors, as the percentage of
seed germination per each crop in the mixture, seedling vigor and size of the mature plants. In general, seeding
rates of individual species are reduced when combined in mixtures, but the total seeding rate of the mixture may
be higher, compared to the pure planting of each. [7] indicated that, when proper mixing rate is used, the mixture
significantly out yielded berseem in pure stands.

Integrating composts and manures from different animal and plant sources into livestock systems that use le-
gume-grass forage mixtures has been proved to have positive impact on soil productivity and physical properties
[11] [12], which will be positively reflected on forage crop yield and quality [13] [14]. However, to insure these
benefits, poultry litter and manure should be applied with certain amounts and at specific intervals during the
crop growth period [15], otherwise, the long term, incautious application might result in accumulation of nu-
trients in the soil [16] and their loss into ground or surface water [17] which will lead to poor water quality and
contribute to the environmental pollution [11]. Even though there are major concerns with manure nutrient
losses to ground and surface waters, manure nutrients and decaying organic matter are natural components of the
environment. Forage production removes and recycles more nutrients from the soil than other crop alternatives,
especially when plants of high nutrient value for cattle are appropriately removed to capture this value. Efficient
production of forage, using animal manure, strengthens the economic position of the region for ruminant pro-
duction and limits the potential negative impact of animal agriculture on the environment [18]. Moreover, poul-
try litter and compost, may be an economical alternative to commercial fertilizer for forage producers as the
number of confined animal feeding operations increases and commercial fertilizer prices rise [19].

The current study was conducted to introduce annual legume-grass mixtures for high yield and quality forage
production within organic farming systems under the Egyptian conditions. Main aim was to determine the opti-
mum mixing rate for berseem clover-annual ryegrass mixture under different organic fertilization regimes.

2. Materials and Methods

2.1. Site Description

Field experiments were conducted during the winter seasons of two successive years (2012-2013) at SEKEM
organic experimental farm. The farm is characterized by its semi-desert land and located near the town of Bel-
beis, 60 kilometres north-east of Cairo, Egypt. Mechanical and chemical analyses of the experimental soil are
presented in Table 1 and Table 2, respectively.

2.2. Experimental Design and Treatments

A split plot experimental design, with three replicates, was used to evaluate 2 cultivars and 3 mixtures under two
organic fertilization regimes and a control treatment (no fertilizer). Main plots were assigned to test the organic
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Table 1. Mechanical analysis of the experimental soil.

CEC Base saturation =) Bulk density
0, * .
Humus % mmolckg™ %CEC pH CaSO, * 2H,0 CaCO; E.C.dS'm TSS ppm kgm?®
13 71 100 7.8 950 55 33 2112 1204.4
Table 2. Macro- and micro-nutrients availability in the experimental soil in kg-ha™.
Organic matter % @ N P S Ca Mg K
0.7 21,900 2250 211 272 1660 350 1065

fertilizer applications, namely; compost, poultry litter, and no fertilization. Compost was produced in open
windrows and sourced mainly from animal manure (35%) and plant residues (65%). Whereas, poultry litter was
prepared from pure chicken manure. The 5 forage treatments, tested in the subplots, were: 100% berseem clover
(Trifolium alexandrinum L.), 100% annual ryegrass (Lolium multiflorum Lam.), 50% berseem clover + 50%
annual ryegrass, 70% berseem clover + 30% annual ryegrass, and 30% berseem clover + 70% annual ryegrass.
All the forage treatments were drilled with the recommended seeding rates by the Egyptian ministry of agricul-
ture, amounting to 40 kg-ha * for both the berseem clover and annual ryegrass.

2.3. Management and Sampling

The experimental plots were sown on 17" and 20™ of October in 2012 and 2013, respectively. The plot size was
3 x 2.4 m. All plots were treated similarly, i.e. fertilized and harvested four times at the same interval in each
growing season.Fertilizer applications were added at the rate of 8 ton-ha™*, split into 4 equal applications, ap-
plied before the first, second, third and fourth harvests. Broadleaf and grass weeds were hand-removed from
plots and no serious incidence of insects or diseases was observed. Berseem clover seeds were inoculated by
Rhizobium trifolii, commercially produced by the Ministry of Agriculture, Egypt, to encourage biological N,
fixation. Harvesting of plots was carried out from end of November to end of March each year. Plots were
manually harvested with a garden cheers to a 5-cm stubble height and the fresh herbage per plot was weighed in
the field. A representative sub-sample of approximately 300 g fresh matter per plot was dried at 60°C until con-
stant weight to determine the dry matter (DM) content.

2.4. Analytical Procedure

The dried sub-samples were uniformly ground to a particle size of 1-mm. The concentrations of neutral deter-
gent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined sequentially us-
ing the semiautomatic ANKOM?? Fiber Analyzer (ANKOM Technology, Macedon, NY, USA) as described by
[20]. NDF and ADF were analyzed without a heat stable amylase and expressed inclusive of residual ash, while
ADL content was corrected after the residual ash content. Ash was determined by combusting the sub-sample in
a muffle oven at 550°C for 3 h [21]. Prior to total nitrogen analysis, the dried samples were ground again to a
particle size of 10 um. The nitrogen content was traditionally analyzed by the Kjeldahl procedure [21], and
crude protein (CP) content was calculated from the N content (CP = N x 6.25). Total carbohydrate content (TC)
was determined using the phenol-sulfuric acid method as described by [22].

2.5. Statistical Analysis

The forage treatments, fertilizer applications as well as their interactions were tested for significance using Proc
Mixed of SAS 9.1 [23]. Data from the 2012 and 2013 growing seasons are presented in a combined analysis,
because the test of homogeneity of variance [24], when performed, revealed that the error of the variance be-
tween the two experimental seasons was not significantly different.

The yield data (Y) and the nutritive parameters (P) were then analyzed according to the following model:

Yi].k/F’ijk =p+T,+F +R, +e, +(Tx F)ij + S

where | is the overall mean, T; is the forage treatment effect (i = 1, 2, 3, 4, 5), F; is the fertilizer regime effect
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(i = 1,2,3), Ry is the replication (k = 1, 2, 3), ey is the effect of main plot, (T x F); is the effect of the interaction
between the forage treatment and fertilizer regime, and sy is the effect of sub-plot.

First cut yield and quality data are presented and discussed. Significance was declared at P < 0.05 and means
were compared with the least significant difference procedure and probabilities were adjusted using Bonferroni-
Holm test [25].

3. Results and Discussion

The analysis of variance revealed a significant two-way interaction among forage treatments and fertilizer ap-
plications on the first cut fresh yield (ton-ha ™), DM content (g-kg ) and all the investigated quality parameters.
Similar findings were reported by [26].

3.1. Fresh Yield ton-ha-1

Results of the 1% cut fodder yield, presented in Table 3 and Figure 1, reveal that the forage mixture 70% ber-
seem clover + 30% annual ryegrass followed by the mixture 50% berseem clover + 50% annual ryegrass pro-
duced the highest 1% cut yields amounting to 10.22 and 9.45 ton-ha *, respectively, in average for the three fer-
tilization regimes. This result highlights the hypothesised advantage of the legume-grass mixtures in increasing

Table 3. Means of the 1% cut fresh yield (ton-ha™) and dry matter content (g-kg™) as affected by the forage treatment x fer-
tilization regime interaction.

Fresh Yield (ton-ha™®) Dry matter content (g-kg ™)
Forage Treatment Fertilizer Treatment Fertilizer Treatment
Control Compost Poultry litter Control Compost Poultry litter
Pure berseem clover 7.50 bB” 8.77 aB 9.00 aB 91.38 bC 110.29 aD 108.15 aC
Pure annual ryegrass 6.09 aC 7.00 aC 7.79aC 165.85 cA 200.04 aA 175.85 bA
50% berseem:50% ryegrass 8.00 bAB 9.80 aAB 10.55 aA 117.70 bB 135.29 aC 140.10 aB
70% berseem:30% ryegrass 9.13 bA 10.85 aA 10.67 aA 121.95 aB 126.55 aC 131.80 aB
30% berseem:70% ryegrass 4.19aD 5.22aD 5.37aD 151.45 bA 152.77 bB 168.55 aA
L.S.Doos 1.20 15.00

“Means followed by different small letter(s) within the same row or different capital letter(s) within the same column, for each parameter, are signifi-
cantly different according to the LSD test at 0.05 level of probability.

12.00

10.00

8.00
6.00
4.00
2.00
0.00

50% BC + 50% RG 70% BC +30% RG 30% BC + 70% RG

Yield (ton-ha')

M Control m® Compost Poultry litter

Figure 1. Variations in yield (ton-ha*) as affected by the interaction between forage treat-
ments and organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.
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the forage yield. These results support and confirm the findings of [1], who stated that mixing the berseem clo-
ver with ryegrass with the ratio 75:25% or 50:50% produced the highest fresh and dry forage yields, when com-
pared to other mixing rates. On the other hand, the mixture 30% berseem clover + 70% annual ryegrass pro-
duced the lowest significant 1% cut yield, around 4.93 ton-ha*, in average of the three fertilization regimes.
Comparing the sole berseem clover to the sole annual ryegrass, it was found that the pure legume stands pro-
duced better yields than the pure grass stands. This result was in good accordance with the findings of many re-
searchers e.g. [2] [3] [27]-[29]. Application of the compost and poultry litter resulted in significantly increasing
the 1% cut yield compared to the control treatment in case of the sole berseem clover, 50% berseem clover + 50%
annual ryegrass and 70% berseem clover + 30% annual ryegrass. This might be attributed to the correction of N
deficiency and, thus, improved soil properties upon poultry litter and compost application [15] [30] [31]. Similar,
increase in yields of 1% cut timothy-red clover, forage maize, bermudagrass, sorghum and annual ryegrass
swards upon compost/poultry litter applications relative to the control were reported [19] [32]-[35].

3.2. Dry Matter (DM) Content g-kg-1

The sole annual ryegrass produced the highest significant DM content (g-kg ™), especially when fertilized by the
compost and poultry litter, values were 200.04 and 175.85 g-kg ™, respectively (Table 3, Figure 2). The second
superior forage treatment was the mixture 30% berseem clover + 70% annual ryegrass, with 168.55 g DM kg™
when treated by poultry litter. While, on the contrary, the sole berseem clover produced the lowest significant
DM content (g-kg*) amounting to 91.38 g-kg™* when no fertilizer was applied and 110.29 and 108.15 g-kg*
when compost and poultry litter were applied, respectively. Similar results were reported for clover-barley and
clover-triticale stands [3] [28] [29].

3.3. Crude Protein (CP) Content g-kg-1

The significant effect of forage x fertilization interaction on the CP content is presented in Table 4 and Figure 3.
Sole berseem clover treated by compost and poultry litter accumulated the highest significant CP content,
amounting to 199.05 and 197.95 g-kg ", respectively. This was, obviously, followed by the mixture 70% berseem
clover + 30% annual ryegrass with 181.89 and 185.01 g CP kg * for the same fertilizer treatments, respectively.
The lowest significant protein content was a character of the sole annual ryegrass and the forage mixture 30%
berseem clover + 70% annual ryegrass. These results were in line with the results of [14] who suggested that the
legume component (equal or more than 30%) of the binary legume-grass mixture acted as an effective “N-buffer”
maintaining forage yield and protein content consistently higher, and within a narrower range across all treat-
ments. [1] [36]-[38] came to similar observations. They found that planting of pure berseem clover and its mix-
tures with the highest seeding rates recorded the highest protein percentages. Concerning the fertilizer regimes,
the compost and poultry litter applications significantly increased the forage concentration of CP. Similar results

250.00

200.00

150.00
100.00
50.00
0.00

50% BC+ 50% RG 70% BC +30% RG 30% BC + 70% RG

Dry matter (g-kg™?)

H Control ® Compost Poultry litter

Figure 2. Variations in dry matter content (g-kg ) as affected by the interaction between forage
treatments and organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.
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Table 4. Means of the 1% cut crude protein and total carbohydrates contents (g-kg™) as affected by the forage treatment x
fertilization regime interaction.

Crude protein (g-kg ™) Total carbohydrates (g-kg™)
Forage Treatment Fertilizer Treatment Fertilizer Treatment

Control Compost Poultry litter Control Compost Poultry litter

Pure berseem clover 176.70 bA 199.05 aA 197.95 aA 556.17 bD 600.46 aC 589.36 aD
Pure annual ryegrass 134.05 bCD 160.23 aCD 160.90 aCD 804.00 aA 797.80 aA 809.10 aA

50% berseem:50% ryegrass 146.80 bBC 178.35aBC 170.75 aBC 769.07 aB 780.08 aA 783.91 aB
70% berseem:30% ryegrass 159.40 bAB 181.89 aAB 185.01 aAB 650.28 bC 684.66 aB 668.37 abC
30% berseem:70% ryegrass 124.80 aDb 144.66 aD 149.35 aD 784.23 aAB 778.45 aA 790.11 aAB

L.S.Do.s 20.01 19.80

“Means followed by different small letter(s) within the same row or different capital letter(s) within the same column, for each parameter, are signifi-
cantly different according to the LSD test at 0.05 level of probability.
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50% BC+ 50% RG 70% BC+30% RG 30% BC + 70% RG

Crude protein (g-kg?)

H Control ® Compost Poultry litter

Figure 3. Variations in crude protein content (g-kg ™) as affected by the interaction between for-
age treatments and organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.

were reported by [16] with tall fescue pastures, [39] for Bermudagrass hay, [35] with annual ryegrass and [40]
with forage legume swards. These results confirm that nitrogen concentration in plant tissues increase with

poultry litter application. [39], therefore, concluded that fertilizing with poultry litter is an excellent sustainable
agricultural method.

3.4. Total Carbohydrates (TC) Content g-kg-1

Table 4 and Figure 4 illustrate that the sole annual ryegrass was characterized by its significantly superior TC
content, with 803.63 g-kg *, in average for the three fertilizer regimes. Also, superior was the forage mixture 30%
berseem clover + 70% annual ryegrass, with 784.26 g-kg *, in average for the three fertilizer regimes. The low-
est significant TC content was a character of the sole berseem clover, amounting to 556.17 g-kg * when no fer-
tilizer was applied. Forage legumes are known to have higher protein and cell wall fractions, but lower carbohy-
drate contents than grasses [36]. [8] indicated that ash and nitrogen free extract were higher and crude protein
was lower in mixture in comparison with clover monoculture. While the reverse was true in ryegrass in pure
stand. [41] stated that grasses in monoculture or in mixtures with berseem clover, particularly with the lowest
seeding rates of berseem clover (25%) had the superiority for nitrogen free extract contents. [1] observed low
nitrogen free extract content with the highest seeding rate (75%) of berseem clover with several evaluated
grasses particularly for the first cut, which they attributed to the vigorous growth of the tested grasses early in the
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season. Noticeably, the forage mixtures 70% berseem clover + 30% annual ryegrass and 50% berseem clover +
50% annual ryegrass fertilized by compost and poultry litter, produced relatively high CP and TC contents, re-
spectively, which were comparable to the superior forage treatments in both parameters.

3.5. Fiber Fractions (NDF, ADF and ADL) Contents g-kg-!

Means of the three investigated fibre fractions as affected by the interaction between the forage and fertilizer
treatments are presented in Table 5 and Figure 5, Figure 6 and Figure 7. Data showed that the maximum sig-
nificant NDF and ADF contents were produced from the sole annual ryegrass under the three fertilization re-
gimes (466.91 g NDF kg * and 316.36 g ADF kg, in average) and the forage mixture 50% berseem clover + 50%
annual ryegrass, especially when fertilized by the compost (465.49 g NDF kg * and 315.47 g ADF kg ). [1]-[41]
stated that crude fiber content increased in mixtures than those in pure clover or ryegrass. In his study on the

900.00

800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00

0.00

50% BC+ 50% RG 70% BC +30% RG 30% BC + 70% RG

Total carbohydrates (g-kg?)

H Control ®Compost ™ Poultry litter

Figure 4. Variations in total carbohydrates content (g-kg™) as affected by the interaction between forage
treatments and organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.

Table 5. Means of the 1% cut neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) contents
(g-kg™) as affected by the forage treatment x fertilization regime interaction.

NDF (g-kg™) ADF (g-kg™?) ADL (g-kg™)
Forage - - .
Tt Fertilizer Treatment Fertilizer Treatment Fertilizer Treatment
Control Compost  Poultry litter ~ Control Compost  Poultry litter ~ Control Compost  Poultry litter

PUEDEISCEM  30016aC"  42648aB 4240148  27204aB  27663aB 2803028  40.902A 37102AB  39.89aA
Pure annual

\egrmss | 462822A  46278aA  475.142A 31691aA 31278aA 3193BaA  17.42aC  19.96aD  21.604B
S0%berseem: 3, 00 aAB  41380aB  42089aB 297.68aAB 303.15aAB 285.12aB  2030aB  30.22aBC  33.20aA
50% ryegrass
T0%berseem: 453 35 hBC  465.49aA  460.8LaA  206.38aAB  31547aA  29480aAB  39.20aA  3829aA  3481aA
30% ryegrass
30%berseem: 116 56 aBC 412884B  418.30aB  300.67 aAB 28578 aAB 29597 aAB  23.12aBC  25.75aCD  21.91aB
70% ryegrass

L.S.Do.os 29.00 30.10 8.00

“Means followed by different small letter(s) within the same row or different capital letter(s) within the same column, for each parameter, are significantly

different according to the LSD test at 0.05 level of probability.
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Figure 5. Variations in NDF content (g-kg™) as affected by the interaction between forage treatments and
organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.
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Figure 6. Variations in ADF content (g-kg™) as affected by the interaction between forage treatments and
organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.

forage potential of kenaf, [40] reported that the application of compost increased the NDF values. However,
similar to the current study, [27] reported insignificant effect of compost application on ADF contents. The sole
Berseem clover was inferior in its NDF and ADF contents, with values 416.55 g NDF kg * and 276.32 g ADF
kg', in average for the three fertilization regimes. In general the differences in NDF and ADF contents for all
the tested treatments were 75.98 g-kg " and 47.34 g-kg ", respectively. The ADL content followed a slightly dif-
ferent trend than the NDF and ADF, with the sole berseem clover and the mixture 50% berseem clover + 50%
annual ryegrass recording the highest significant values in average for the three fertilization regimes amounting
to 39.30 and 37.43 g-kg *, respectively. The lowest ADL content was recorded by the sole annual ryegrass and
the mixture 30% berseem clover + 70% annual ryegrass, amounting to 19.66 and 23.59 g-kg *, respectively, in
average for the three fertilizer applications. [42] stated that forage legumes are generally higher in lignin than
forage grasses.

4. Conclusion
Mixing berseem clover with annual ryegrass with the different ratios significantly improved forage yield and
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Figure 7. Variations in ADL content (g-kg™) as affected by the interaction between forage treatments and
organic fertilizer applications. BC = Berseem clover, RG = Ryegrass.

DM content. Pure berseem stands were superior in the CP content, while, pure ryegrass stands were superior in
the TC and fibre fractions. However, when organically fertilized, the forage mixtures gave comparably high CP,
TC and fibre fractions. Therefore, the researcher suggests conducting animal feeding trials to examine the re-
sponse of the ruminants to the forage mixtures.
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