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Mixture cropping of annual forage legumes and grasses is a common strategy to support sustainable forage sup-
ply in low input agricultural systems, especially in the Mediterranean basin. In a two-year field study, conducted
in Northern Egypt, productivity and nutritive value of four cuts of berseem clover, triticale, and oat, cultivated as
monocultures aswell as legume-grass binarymixtures, with variablemixing rates, were investigated using a split
plot design in three replicates. The testedmixing rates were: 1. 0% Grass (G)+ 100% Berseem clover (BC), 2. 25%
G+75% BC, 3. 50%G+50% BC, 4. 75% G+25% BC, and 5. 100% G+0%BC. Berseemclovermixtureswith triticale
produced the highest significant 3rd cut fresh yield, while BCmixtures with oat were superior at the 1st and 2nd
cut's fresh yield. Crude protein (CP) content was highest in BC monocultures and clover-triticale mixture
(75%:25%). Grasses, in general, improved the dry matter accumulation and carbohydrate components in the for-
agemixtures, with triticale being superior to oat. The significantly highest digestible organicmatter (DOM)was a
character of the pure BC stands, and mixtures with 75% BC. Noticeably, the tested grasses did not regrow after
being cut for the third time; thus, the fourth cut was composed only of BC. Variations in DOMwere most depen-
dent on variations in CP content. Results revealed that mixtures of BC with triticale at 75%:25% mixing rate pro-
duced high forage yield with improved quality than the other mixtures.

© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Mixture cropping is a common strategy adopted in the forage pro-
duction sector to support sustainable forage supply in low input agricul-
tural systems. Especially in theMediterranean region,mixture cropping
of annual winter legumes and grasses is widely applied (Lithourgidis
et al., 2006). Crops in a mixture respond differently to pests, soil and
weather conditions and thus reduces the risks associated with the
cropping system (Lithourgidis et al., 2011). In addition, mixture crops
possess different abilities in utilizing soil water and nutrients which
lead to high resource use efficiency and, thus, increase the productivity
and maximize the overall benefit from the agricultural practice (Atis
et al., 2012). In an arid region like Egypt, with a negligible amount of
precipitation, resulting in agriculture mainly dependent on irrigation,
mixture cropping would increase water use efficiency over sole
cropping.

The benefit from any speciesmixture in the forage sector is achieved
when legumes and grasses are included in the mixture. Legume-grass
binary mixtures combine the benefits of both worlds; they provide
high yield, high quality, and a reduced need for nitrogen fertilization
due to nitrogen fixation by the legume crop. Thus, they are expected
en access article under the CC BY-NC
to provide an end product of highest nutritional value than monocul-
tures of both crop species (Rakeih et al., 2008), driven by the high pro-
tein content of legumes and high dietary fiber content of grasses. In
addition, it is evident that intake of fodder is low when fed as pure spe-
cies, either of legumes or grasses compared to their mixtures (Ansar
et al., 2010). For a successful mixture, crop components should have
compatible growth habit and harvesting schedule, complement each
other in growth requirements and resources utilization, with minimal
competition for the different life requirements (Al-Khateeb et al.,
2001). In Egypt, and some of the world's countries, particularly those
having long winter season with cold-moderate temperature, berseem
clover (Trifolium alexandrinum L.) is the most important annual forage
legume. It showed particular adaptation and superiority in theMediter-
ranean areas (Iannucci et al., 1996). Despite that the yield and protein
content of BC are high, its cultivation in Egypt is currently facing several
challenges, among them is its relatively high water requirements, low
dry matter content especially in the first cut (Salama, 2015), and high
sensitivity to climate change, especially rising temperatures associated
with global warming (Bakheit et al., 2012; Dost et al., 2014). Moreover,
feeding only BC results in bloating hazards and bone abnormalities due
to the unbalanced ratios of P and Ca (Hall et al., 1991). On the other
hand, grass monocultures provide a level of quality that is insufficient
formany categories of livestock (Lithourgidis et al., 2006). Thus,mixture
cropping of BC with forage grasses is a proposed low input technology
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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that might solve these problems (Muhammad et al., 2014). In mixtures,
companion forage grasseswill provide structural support for BC growth,
correct P and Ca values, improvewater and nutrient uptake and light in-
terception, and, thus, result in a better dry matter accumulation,
whereas BC will increase the quality of the produced forage. This may
allow small-holder livestock producers, who are the main suppliers
formilk andmeat, to substitute part of the grain component in the cattle
diet with appropriate forage mixtures from their farms.

The choice of the grass species greatly affects the performance of the
legume-grass mixtures, as different grass species possess variable com-
petitiveness to the legume cropwhichwould influence the productivity
and quality of the end product (Ross et al., 2004). While, Yucel et al.
(2018) proposed annual ryegrass (Lolium multiflorum Lam.) as a suit-
able forage grass for mixing with BC, Vasilakoglou and Dhima (2008),
and El Karamany et al. (2014) reported barley (Hordeum vulgare L.) to
be the best cereal for the mixture. Nonetheless, triticale (X Triticosecale
Wittmack) and oat (Avena sativa L.) are among the promising cereals
currently occupying a considerable agricultural area in Egypt, however,
mostly for grain production, whereas their full potential as annual win-
ter forage crops is not yet exploited.

In addition to the grass species, the success of the legume-grass for-
age mixture is highly dependent on the mixing rate of mixture compo-
nents (Gill and Omokanye, 2018). As legumes are usually less
competitive than grasses (Ross et al., 2004), the seeding rate is the
main driver of the crops' growth rates and, thus, of the competition be-
tween them (Lithourgidis et al., 2006).

The specific objective of the current studywas to investigate thepro-
ductivity and nutritive value of several cuts of berseem clover, triticale
and oat when grown as monocultures, as well as binary mixtures with
varying mixing rates.

2. Materials and methods

2.1. Site description

A two-year field trial was conducted at the experimental station of
the Faculty of Agriculture, AlexandriaUniversity, Alexandria, Egypt, dur-
ing two successive winter seasons (2017/2018 and 2018/2019). The ex-
perimental site was characterized by its arid climate, with a negligible
amount of precipitation throughout the growing season; therefore, it
was completely dependent on irrigation. The average monthly temper-
ature was 23.73, and 23.26 °C, for the two respective growing seasons.
Soil of the experimental site was sandy loam in texture (51.50% sand,
28.00% silt, and 20.50% clay), with pH of 8.27, electrical conductivity of
1.30 dS m−1. The organic matter content of the top layer of the soil
reached 1.70%, while available nitrogen, phosphorous, and potassium
were 100, 75, 450 ppm, respectively.

2.2. Experimental design and treatments

A split plot experimental design with three replicates was used to
evaluate four successive cuts of two forage grass species, triticale (X
TriticosecaleWittmack) and oat (Avena sativa L.), sown inmonocultures
and binary mixtures with berseem clover (Trifolium alexandrinum L.),
cultivar “Helaly”, with the following mixing rates: 1. 0% Grass
(G) + 100% Berseem clover (BC), 2. 25% G + 75% BC, 3. 50% G + 50%
BC, 4. 75% G + 25% BC, and 5. 100% G + 0% BC.

Cuts were allocated to the main plots, while the combinations be-
tween, grass species and mixing rates were tested in the subplots.

2.3. Agricultural practices

After ploughing and levelling, the land was divided into experimen-
tal plots; eachwas 9m2. During the two successive growing seasons, tri-
als were sown on 15th October. Optimum seeding rate for the three
investigated crops was 48 kg ha−1 from which the tested mixing rates
were calculated. Seeds/seed mixtures were broadcasted on the flat ex-
perimental plots and then covered with a light soil layer. To encourage
biological N2 fixation, berseem clover seedswere inoculatedwith Rhizo-
bium trifolii directly before sowing. The bacterial inoculum was pre-
pared and provided by the Microorganisms Unit, Agricultural Research
Center (ARC), Giza, Egypt. Fertilization, irrigation and weed manage-
ment practices were homogeneous for all experimental plots. With
seedbed preparation, an amount of 150 kg ha−1 calcium
monophosphate (15.5% P2O5) was added. Ammonium nitrate (33.5%
N), was applied at the rate of 80 kg N ha−1, split into four equal doses
thatwere applied, as a top dressing to the experimental plots,with sow-
ing, directly after the first, second, and third cuts.

2.4. Sampling and measurements

Four cutswere taken from the experimental plots, first cut at 55DAS
(days after sowing), with 35 days interval before the 2nd, 3rd, and 4th
cuts. At cutting, plants were manually clipped with a garden cheers at
a 7 cm stubble height and fresh yield was directly weighed for each
plot. For quality analyses, a representative sample of approximately
1 kg from each plot was dried at 60 °C until constant weight was
reached, from which the dry matter (DM) content of the herbage was
determined, followed by grounding the dried samples to 1-mm particle
size. Crude protein (CP = N × 6.25), crude ash (CA) and crude fat (CF)
were determined as described in the AOAC (2012). Neutral detergent
fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin
(ADL) were sequentially determined as described by Van Soest et al.
(1991) using the semiautomatic ANKOM220 Fiber Analyzer (ANKOM
Technology, Macedon, NY, USA). Non-fiber carbohydrates (NFC) were
then calculated as follows:

NFC ¼ 1000− CP þ CF þ NDF þ CAð Þ

Digestibility was determined using the in vitro cellulase technique
developed by De Boever et al. (1988). The percentage of digestible or-
ganic matter (DOM) was then calculated by applying the following
equation of Weissbach et al. (1999):

DOM %ð Þ ¼ 100∗
940−CA−0:62� EULOS−0:000221� EULOS2

� �

1000−CA

EULOS = enzyme insoluble organic matter; CA and EULOS were
expressed as g kg−1 DM.

2.5. Statistical analyses

In the current experiment, tested grasses did not survive till the
fourth cut, i.e. they didn't regrow after being cut for the third time.
Thus, in the fourth cut there was only BC in all plots, with a com-
plete absence of triticale and oat. This resulted in only four forage
treatments instead of five in the fourth cut, because of the absence
of the 100% grass treatment. Due to the smaller number of treat-
ments of the fourth cut, than the first three cuts, it was analyzed
separately and not incorporated in the same model with the first
three cuts.

Yield and quality data (D) were subjected to ANOVA using PROC
Glimmix of SAS 9.4 (SAS Institute Inc., 2012). Data of the two experi-
mental years were separately analyzed, then test of homogeneity of
variance's error (Hartley, 1950), was applied, and revealed that the
variance's error of the two experimental years was homogeneous.
Therefore, another combined analysis of variance was run, where
“Year” and “Year × Treatment(s)” effects were declared non-
significant. Thus, results were presented and discussed combined over
the two experimental years.



Table 1
Means of yield (t ha−1), dry matter (DM), crude protein (CP), non-fiber carbohydrates
(NFC), neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents (g kg−1

DM), ±standard deviation (SD), as affected by the cut × grass species interaction, com-
bined over the two growing seasons.

Cut Yield DM

Triticale Oat Triticale Oat

1 19.8bB ± 3.78 30.1aA ± 5.05 142.0aA ± 13.6 132.9bA ± 18.3
2 23.6bB ± 5.62 32.1aA ± 5.18 118.2aB ± 7.42 113.8bB ± 4.10
3 32.7aA ± 7.79 10.2bB ± 3.53 111.0aC ± 4.79 108.2bC ± 6.14
L.S.D.0.05 Row 1.70 1.12
L.S.D.0.05 Column 5.90 4.90

Cut CP NFC

Triticale Oat Triticale Oat

1 139.6aA ± 12.7 131.0bA ± 18.7 205.1bC ± 29.0 238.8aB ± 20.0
2 137.5aA ± 12.0 127.4bA ± 18.4 286.6aA ± 21.6 269.7bA ± 21.5
3 136.0aA ± 9.07 121.5bB ± 16.4 246.4bB ± 20.4 280.2aA ± 24.4
L.S.D.0.05 Row 1.58 2.51
L.S.D.0.05 Column 4.65 15.1

Cut NDF ADF

Triticale Oat Triticale Oat

1 532.2aA ± 32.3 490.8bA ± 43.2 313.0aA ± 39.7 275.0bB ± 34.5
2 452.7aC ± 28.2 463.5aB ± 46.5 271.1aB ± 38.7 263.7bC ± 36.4
3 494.4aB ± 16.3 458.9bB ± 24.6 310.4aA ± 16.6 300.9bA ± 17.0
L.S.D.0.05 Row 2.41 1.98
L.S.D.0.05 Column 14.9 3.15

Means followed by different small letter(s) within the same row, and different capital let-
ter(s) within the same column, for each studied parameter, are significantly different ac-
cording to the L.S.D. test at 0.05 level of probability.
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The first three cuts were analyzed according to the followingmodel,
with cuts and replicates considered random, and grass species (GS) and
mixing rates (MR) considered fixed:

Dijkl ¼ μ þ Biþ Cjþ eijþ GSkþMRlþ eijklþ Cj� GSkþ Cj�MRl
þ GSk�MRlþ Cj� GSk�MRl

where μ is the overall mean, Bi is the block's effect (i = 1,2,3), Cj is the
cut effect (j = 1,2,3), eij is the experimental error “a”, GSk is the grass
species effect (k = 1,2), MRl is the mixing rate effect (l = 1,2,3,4,5),
and eijkl is the experimental error “b”.

The fourth cut was subjected to a separate analysis of variance,
where only replicates were considered random. Grass species and
mixing rates and their interaction were tested against the experimental
error, according to the following model:

Dijk ¼ μ þ Biþ GSjþMRkþ GSj�MRkþ eijk

where μ is the overall mean, Bi is the block's effect (i=1,2,3), GSj is the
grass species effect (j = 1,2), MRk is themixing rate effect (k=1,2,3,4),
and eijk is the experimental error.

Upon the analysis of variances, significances were declared at
P< 0.05 andmeanswere compared with the least significant difference
(L.S.D) procedure.

To test how much the variable “DOM” was dependent on the other
quality variables (CP, NFC, NDF, ADF and ADL), a stepwise regression
analysis with a forward selection procedure was applied (Gomez and
Gomez, 1984). Significance was declared at 0.2000 significance level,
and non-significant variables were automatically removed from the
model.

3. Results

Significant interactions between the studied factors are presented
and discussed, while main effects are presented and discussed only
when the interactions involving them are not significant.

Analysis of variance of the first three cuts revealed that all the stud-
ied parameters significantly varied as affected by the two-way interac-
tion between the three tested factors, i.e. cut, grass species
incorporated in mixtures with BC, and mixing rate (P < 0.01). In addi-
tion, ADL and DOM contents were significantly affected by the three-
way interaction (P < 0.01).

3.1. Influence of cut × grass species interaction

Clover mixtures with triticale produced the maximum amount of
fresh yield with the 3rd cut, representing an increase of around 65 and
38% over the yield produced from the 1st and 2nd cuts, respectively
(Table 1).Mixtureswith oat, however, followed an opposite descending
trend in yield production among cuts, where the significantly highest
yields were produced from 1st and 2nd cuts, amounting to 30.1 and
32.1 t ha−1, respectively, then drastically dropped by the 3rd cut to
10.2 t ha−1. Thus, regarding the yield of the three cuts, the 3rd cut
was superior to the other two cuts with triticale incorporation in the
mixture, while the 1st and 2nd cuts were superior with oat incorpora-
tion in the mixture. Among the three cuts, BC mixtures with triticale
were advantaged by the accumulation of significantly higher amounts
of DM than its mixtures with oat. In addition, both species accumulated
the highest amount of DM with the 1st cut, which tended to signifi-
cantly decrease with further cuts. Crude protein content was signifi-
cantly highest in mixtures with triticale, with no significant variation
among its three cuts (137.7 g kg−1 in an average of the three cuts),
while CP content of mixtures with oat significantly decreased with ad-
vanced cuts from 131.0 to 121.5 g kg−1 for the 1st and 3rd cuts, respec-
tively. Non-fiber carbohydrate values were significantly highest for the
3rd cut with oat mixture, and for the 2nd cut with triticale mixture.
Clover mixtures with triticale were characterized by significantly
highest amounts of NDF and ADF than mixtures with oat. Noticeably,
the 2nd cut was always characterizedwith the least significant amounts
of the two fiber components across all types of mixtures.

3.2. Influence of cut × mixing rate interaction

The variable direction of effect of the tested mixing rates among
the three cuts was the main cause of their significant interaction. Ob-
serving the means in Table 2, revealed that pure BC stands produced
the significantly highest amount of fresh yield for the 3rd cut
(48.3 t ha−1), while for the 1st and 2nd cuts, the mixture of 25%
G + 75% BC was similarly superior in the amount of fresh yield.
Increasing the grass percentage in the mixture was always accompa-
nied by reducing the resulting fresh yield. Moreover, the significantly
highest amount of fresh yield was produced from the 3rd cut among
all mixing rates. Unlike the fresh yield, increasing the grass percent-
age in the mixture led to significantly increasing the DM content.
Generally, the 1st cut of all mixing rates (except 100% BC), was char-
acterized by the significantly highest DM accumulation than the 2nd
and 3rd cuts. An opposite trend was observed for the CP content,
where the 100% BC produced the significantly highest CP contents
for the three cuts. Obviously, the CP content decreased with decreas-
ing the BC percentage in the mixture. The NFC increased with in-
creasing the grass percentage in the forage mixture. While, 100% G
produced the significantly highest NFC content for the 3rd cut, 50
and 75% Gwere superior for the 2nd cut, and the three grass percent-
ages, 25, 50 and 75% produced significantly highest NFC contents for
the 1st cut. Regarding the fiber components, 1st cut was character-
ized with the significantly highest NDF, except for 100% BC. Mean-
while, the ADF content was significantly highest for the 3rd cut,
except for 100% G. Nonetheless, the 100% G always produced the sig-
nificantly highest contents of the two fiber components, which
tended to decrease with decreasing the percentage of grass in the
mixture.



Table 2
Means of herbage yield (t ha−1), drymatter (DM), crude protein (CP), non-fiber carbohydrates (NFC), neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents (g kg−1 DM),
±standard deviation (SD), as affected by the cut × mixing rate interaction, combined over the two growing seasons.

Mixing rate Yield DM

Grass % Berseem clover % Cut 1 Cut 2 Cut 3 Cut 1 Cut 2 Cut 3

0 100 28.6cAB ± 1.66 35.5bA ± 1.78 48.3aA ± 2.12 100.4cE ± 1.53 114.9aBC ± 2.45 106.7bCD ± 2.11
25 75 31.5bA ± 5.21 31.3bAB ± 4.02 41.9aB ± 5.04 133.7aD ± 3.32 110.1bC ± 2.53 102.9cD ± 4.70
50 50 24.9cBC ± 6.01 29.7bB ± 4.94 36.7aBC ± 4.97 145.3aC ± 5.33 113.7bBC ± 4.30 108.7cBC ± 2.07
75 25 21.0cCD ± 5.83 23.4bC ± 4.33 31.1aC ± 4.06 150.4aB ± 7.45 116.1bB ± 4.89 112.7cAB ± 2.27
100 0 18.6bD ± 4.58 19.5bC ± 2.85 24.0aD ± 4.70 157.7aA ± 9.57 125.1bA ± 5.09 116.9cA ± 2.33
L.S.D.0.05 Row 1.11 1.77
L.S.D.0.05 Column 5.90 4.90

Mixing rate CP NFC

Grass % Berseem clover % Cut 1 Cut 2 Cut 3 Cut 1 Cut 2 Cut 3

0 100 144.2bA ± 4.23 149.7aA ± 2.11 139.3cA ± 2.11 217.0cB ± 4.17 262.4aC ± 2.13 224.3bD ± 2.11
25 75 136.4bB ± 1.45 146.0aB ± 4.47 135.3bB ± 5.83 244.9cA ± 5.48 288.4aB ± 12.3 264.6bC ± 13.1
50 50 133.6aBC ± 3.54 132.0bC ± 6.30 133.4aBC ± 6.77 246.9cA ± 10.9 299.1aAB ± 10.9 253.5bC ± 9.71
75 25 130.2aC ± 1.91 124.9bD ± 5.57 130.3aC ± 8.65 245.7cA ± 7.99 313.0aA ± 7.31 283.6bB ± 15.2
100 0 112.1aD ± 1.09 109.8bE ± 2.05 105.7cD ± 4.65 155.3cC ± 8.61 228.0bD ± 9.79 290.4aA ± 15.6
L.S.D.0.05 Row 1.91 3.97
L.S.D.0.05 Column 4.65 15.1

Mixing rate NDF ADF

Grass % Berseem clover % Cut 1 Cut 2 Cut 3 Cut 1 Cut 2 Cut 3

0 100 464.8bD ± 15.4 426.0cC ± 2.11 474.6aBC ± 2.12 285.1aB ± 1.63 251.2bB ± 2.11 285.5aD ± 2.03
25 75 470.9aD ± 20.0 425.6cC ± 15.4 460.1bD ± 18.6 259.6bD ± 20.0 251.1cB ± 6.76 303.3aC ± 12.9
50 50 489.5aC ± 15.6 438.7cBC ± 11.0 483.1bB ± 12.1 263.2bC ± 22.1 247.4cC ± 5.12 306.3aB ± 10.5
75 25 504.1aB ± 17.1 442.2cB ± 11.6 466.1bCD ± 15.7 282.1bB ± 9.42 248.6cC ± 14.6 308.3aB ± 13.4
100 0 628.1aA ± 15.0 557.7bA ± 7.29 499.4cA ± 20.4 380.2aA ± 12.5 338.7bA ± 7.25 324.8cA ± 2.11
L.S.D.0.05 Row 3.82 1.55
L.S.D.0.05 Column 13.9 3.15

Means followed by different small letter(s)within the same row, and different capital letter(s) within the same column, for each studied parameter, are significantly different according to
the L.S.D. test at 0.05 level of probability.

Table 3
Means of yield (t ha−1), dry matter (DM), crude protein (CP), non-fiber carbohydrates (NFC), neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents (g kg−1 DM), ±stan-
dard deviation (SD), as affected by the grass species × mixing rate interaction, combined over the two growing seasons.

Mixing rate Yield DM

Grass % Berseem clover % Triticale Oat Triticale Oat

0 100 38.1aA ± 6.87 36.8aA ± 6.87 108.0aE ± 6.57 106.7aD ± 6.57
25 75 29.6bB ± 4.27 40.3aA ± 2.70 117.0aD ± 14.5 114.1bC ± 14.1
50 50 24.6bC ± 4.64 36.3aA ± 2.22 125.4aC ± 18.6 119.7bB ± 16.0
75 25 18.6bD ± 2.57 31.8aB ± 3.10 130.4aB ± 12.2 122.4bB ± 16.1
100 0 16.0bD ± 1.66 25.4aC ± 2.36 137.9aA ± 21.9 128.6bA ± 15.8
L.S.D.0.05 Row 1.90 1.45
L.S.D.0.05 Column 4.56 4.35

Mixing rate CP NFC

Grass % Berseem clover % Triticale Oat Triticale Oat

0 100 149.1aA ± 7.66 147.8aA ± 7.66 235.2aC ± 21.3 233.9aD ± 21.3
25 75 146.6aA ± 5.01 137.2bB ± 5.58 255.1bB ± 20.4 276.9aAB ± 20.8
50 50 138.4aB ± 2.88 127.6bC ± 2.90 267.1aAB ± 25.6 266.0aBC ± 15.8
75 25 133.3aB ± 5.14 123.5bC ± 4.99 279.8aA ± 28.8 281.8aA ± 23.9
100 0 121.2aC ± 2.89 97.2bD ± 3.96 193.2bD ± 28.0 256.0aC ± 24.5
L.S.D.0.05 Row 1.74 3.25
L.S.D.0.05 Column 5.16 16.6

Mixing rate NDF ADF

Grass % Berseem clover % Triticale Oat Triticale Oat

0 100 455.8aC ± 22.5 454.5aB ± 22.5 287.7aC ± 22.0 286.4aB ± 22.0
25 75 468.4aBC ± 23.1 436.0bC ± 16.4 282.0aC ± 24.0 260.6bD ± 18.5
50 50 474.6aB ± 24.8 466.5bB ± 14.3 277.3aD ± 20.2 267.3bC ± 26.4
75 25 477.0aB ± 24.8 464.7bB ± 19.3 290.9aB ± 25.5 268.4bC ± 26.7
100 0 589.7aA ± 25.7 533.8bA ± 20.9 353.0aA ± 21.9 316.6bA ± 23.7
L.S.D.0.05 Row 3.12 1.27
L.S.D.0.05 Column 16.3 6.45

Means followed by different small letter(s)within the same row, and different capital letter(s) within the same column, for each studied parameter, are significantly different according to
the L.S.D. test at 0.05 level of probability.
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Table 5
Means of herbage yield (t ha−1), dry matter (DM), crude protein (CP), non-fiber carbohy-
drates (NFC), acid detergent lignin (ADL), and digestible organic matter (DOM) contents
(g kg−1 DM), for the fourth cut as affected by the mixing rate, combined over the two
growing seasons.

Mixing rate Yield CP NFC ADL DOM

Grass % Berseem clover %

0 100 35.1a 134.4a 286.5ab 65.7a 655.9a

25 75 19.6b 135.5a 243.5c 62.5b 648.9ab

50 50 12.7c 127.4b 284.6b 47.2c 643.5ab

75 25 10.7c 128.3b 287.9a 41.5d 639.8b

L.S.D.0.05 4.23 6.54 3.23 3.03 14.7

Means followed by different small letter(s) within the same column are significantly dif-
ferent according to the L.S.D. test at 0.05 level of probability.
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3.3. Influence of grass species × mixing rate interaction

It was clear from Table 3 that mixtures of BCwith oat resulted in sig-
nificantly higher fresh yield production than mixtures with triticale,
across all tested mixing rates. Pure BC stands produced the highest sig-
nificant yield (37.5 t ha−1). Decreasing the BC percentage in mixtures
with both grass species significantly reduced the amount of fresh
yield. Hence, the significantly lowest yield was produced from the
pure triticale and oat stands, amounting to 16.0 and 25.4 t ha−1, respec-
tively. On the contrary to fresh yield, DM content of mixtures with trit-
icale was significantly highest than mixtures with oat. In addition, BC
was characterized by significantly lowest DM content and, thus, its in-
creased percentage in the mixture contributed to decreasing DM of
the whole mixture. Similar to the DM content, pure triticale had signif-
icantly higher CP content (121.2 g kg−1) than pure oat (97.2 g kg−1).
Therefore, mixtures with triticale were significantly higher in CP con-
tent thanmixtureswith oat, while, increasing the BC percentage inmix-
tureswith both grass crops significantly increasedCP content. Amixture
of 75% BC + 25% triticale produced 146.6 g CP kg−1, which was signifi-
cantly similar to the 100%BC. Pure oat standswere richer in NFC content
than pure triticale stands, while in mixtures with BC, both grasses re-
sulted in similar amounts of NFC, except for 25% G + 75% BC, where
the oat in the mixture gave significantly higher NFC content than triti-
cale in the mixture. Noticeably, berseem clover-grass mixtures pro-
duced significantly higher NFC contents than pure stands of BC and
both grass species. Opposite to NFC, triticale, either as a pure stand or
in the mixtures with BC was significantly higher in the fiber compo-
nents than oat. Nonetheless, pure grass was rich in NDF and ADF than
pure BC stands, therefore, the fiber content increased as the grass per-
centage in the mixture increased.

3.4. Influence of cut × grass species × mixing rate interaction

Only ADL and DOMwere significantly affected by the three-way in-
teraction between the three tested factors. Means presented in Table 4
showed that BC and its contribution in the forage mixture with 75%
were characterized with the significantly highest lignin content, which
decreased with decreasing the BC percentage in the forage mixture,
and reached its minimal values with 100% G. In general, the lignin con-
tent of the 3rd cut was significantly higher than that of the 1st and 2nd
cuts. It was observed that pure oat had higher lignin content than pure
triticale among the three cuts; however, mixtures of both crops with BC
were similar in the lignin content. Noticeably, pure BC stands produced
Table 4
Means of acid detergent lignin (ADL), and digestible organic matter (DOM) contents (g kg−1 D
action, combined over the two growing seasons.

Mixing rate ADL

Grass % Berseem clover % Cut 1

Triticale Oat

0 100 48.5 ± 1.29 47.2 ± 1.29
25 75 56.6 ± 1.15 43.7 ± 3.12
50 50 47.5 ± 1.36 42.6 ± 1.92
75 25 43.8 ± 1.99 39.0 ± 0.97
100 0 28.5 ± 2.45 29.7 ± 0.55
L.S.D.0.05 5.57

Mixing rate DOM

Grass % Berseem clover % Cut 1

Triticale Oat

0 100 671.0 ± 8.56 669.7 ± 7.68
25 75 659.1 ± 10.5 640.7 ± 9.62
50 50 649.8 ± 12.7 625.0 ± 14.6
75 25 610.4 ± 11.1 591.5 ± 11.2
100 0 591.8 ± 9.58 551.3 ± 8.94
L.S.D.0.05 52.1
up to two-fold lignin content than that of grasses among all cuts. Similar
to the lignin content, the significantly highest DOM was a character of
the pure BC stands, andmixtures with 75% BC. Meanwhile, DOM signif-
icantly decreased with increasing grass percentage in the mixture,
where triticale was more digestible than oat, with 594.2 against
549.8 g DOM kg−1, in average for the three cuts.

3.5. Variations in yield and quality attributes of the fourth cut

Analysis of variance of the fourth cut revealed that all the studied pa-
rameters, except DM, were variable among the forage mixing rates
(P < 0.01), while significant variations between the two tested grass
species (P < 0.01), as well as significant grass species × mixing rate in-
teraction, were detected only for NDF and ADF (P < 0.01). In this cut,
only BC was present in the experimental plots, while triticale and oat
were completely absent. Therefore, obviously, the significantly highest
amount of fresh yieldwas produced from100% BC stands, andwas grad-
ually reduced with reducing the BC seeding rate (Table 5). Despite the
complete absence of grasses from the experimental plots, differences
in quality existed between the BC cut from the pure stands and BC cut
from plots where grasses were previously present. Significantly highest
CP content was produced from 100% and 75% BC stands. However, the
reduction in CP content with reducing BC sowing rate was minimal
(0.81%). Similarly, the variations in NFC, ADL and DOM between BC
sowing rateswere negligible, and amounted to 4.44, 2.42, and 1.61%, re-
spectively. Observably, BC regrowth in plotswhere grasseswhere previ-
ously present, was characterized by less lignin and DOM, which were
characteristics of grasses, rather than BC pure stands. As for the
M), ±standard deviation (SD), as affected by the cut × grass species × mixing rate inter-

Cut 2 Cut 3

Triticale Oat Triticale Oat

42.7 ± 2.23 41.5 ± 2.98 55.2 ± 1.25 54.0 ± 1.48
50.0 ± 1.52 46.6 ± 1.45 55.9 ± 1.74 59.3 ± 1.84
42.2 ± 1.89 42.6 ± 1.84 49.8 ± 1.68 55.3 ± 1.23
39.5 ± 2.23 42.2 ± 2.78 48.3 ± 0.98 53.0 ± 1.59
23.0 ± 2.65 29.7 ± 0.96 25.5 ± 2.03 29.0 ± 1.55

Cut 2 Cut 3

Triticale Oat Triticale Oat

656.6 ± 7.48 655.3 ± 9.45 669.4 ± 9.62 668.1 ± 8.45
640.1 ± 8.59 639.9 ± 8.57 649.9 ± 10.5 647.8 ± 11.7
625.4 ± 12.5 604.5 ± 11.4 640.1 ± 10.5 614.9 ± 16.0
584.2 ± 10.7 576.3 ± 13.5 609.8 ± 13.7 590.3 ± 8.55
589.5 ± 9.85 540.1 ± 9.62 601.3 ± 8.74 557.9 ± 10.5



Table 6
Means of neutral detergent fiber (NDF), acid detergent fiber (ADF), contents (g kg−1 DM), ±standard deviation (SD), for the fourth cut as affected by the grass species × mixing rate in-
teraction, combined over the two growing seasons.

Mixing rate NDF ADF

Grass % Berseem clover % Triticale Oat Triticale Oat

0 100 417.9aD ± 20.6 416.6aC ± 12.4 273.0aD ± 6.23 271.7aB ± 16.0
25 75 457.1bA ± 15.5 469.4aA ± 7.95 327.4bA ± 7.15 343.3aA ± 4.27
50 50 426.4aC ± 10.9 429.7aB ± 8.15 284.8aB ± 5.85 266.0bC ± 6.95
75 25 434.8aB ± 13.7 398.5bD ± 10.7 279.0aC ± 6.14 228.7bD ± 12.7
L.S.D.0.05 Row 4.62 15.6
L.S.D.0.05 Column 7.96 5.23

Means followed by different small letter(s)within the same row, and different capital letter(s) within the same column, for each studied parameter, are significantly different according to
the L.S.D. test at 0.05 level of probability.
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two-way interaction (Table 6), BC cut from plots where triticale and oat
were previously present was characterized by significantly higher NDF
and ADF than pure BC stands.

3.6. Stepwise regression analysis

Results of the forward selection of the stepwise regression analysis
revealed that the variations in theDOMwasmost dependent on the var-
iations in CP content (r2 = 0.8082), followed by the variations in ADL
and NDF contents, with r2 values equal 0.0325 and 0.0288, respectively
(Table 7). The contribution of NFC content in determining the DOM
values was non-significant (P < 0.1840). No other variable met the
0.2000 significance level for entry into the model, therefore, ADF was
excluded.

4. Discussion

A famous, widely grown BC cultivar “Helaly”, with well-known pro-
ductivity potential and nutritive value, was used in the present study, to
ensure that investigation was relevant to a cultivar likely to be widely
used in the Egyptian farming system. This would guarantee wide-
spread of the results and encourage farmers to apply the research rec-
ommendations in their forage production fields.

4.1. Variations in herbage yield and dry matter accumulation

One of the challenges associated with BC cultivation is the low fresh
yield and dry matter accumulation characterizing the 1st cut, and mak-
ing it unprofitable, to the extent that sometimes farmers in Egypt tend
to plough it in the soil as green manure rather than harvesting it as
green forage. While the yield of BC was low for the 1st cut, it surpassed
the other forage treatments for the 2nd and 3rd cuts. It was, therefore,
observed that increasing the BC percentage in the clover-grass mixture
uplifted the fresh yield for the 2nd and 3rd cuts, which could be mainly
attributed to the higher branching ability and denser canopy structure
of BC in comparison to forage grasses (El Kramany et al., 2012). On the
other hand, forage grasses were characterized by their high DM content
and, therefore, increasing the grass component in the forage mixture
was responsible of improving its DM content. Thus, the current results
confirmed that mixing BC with forage grasses improved the overall
Table 7
F-values and levels of significance of the forward selection of the stepwise regression procedure
variables. Significance was declared at 0.2000 significance level.

Step Variable Partial R-square

1 CP 0.8082
2 ADL 0.0325
4 NDF 0.0288
3 NFC 0.0106

ns: Non-significant - No other variable met the 0.2000 significance level for entry into the mod
⁎ Significant at 0.05 level of probability.
⁎⁎ Significant at 0.01 level of probability.
productivity and DM content, especially for the 1st cut. Similar results
were reported for mixtures of BC with oat, barley, triticale, and ryegrass

(Al-Khateeb et al., 2001; El Kramany et al., 2012; El Karamany et al.,
2014; Salama and Badry, 2015). Several reasons stand behind the im-
proved productivity of the legume-grass mixtures, especially the better
utilization of the legume-fixed atmospheric nitrogen and improved
light interception, which may have contributed to creating a more fa-
vorable micro-environment for better yield production than legume or
grass pure stands (Sengul, 2003).

The current results revealed that oat out-yielded triticale in the 1st
and 2nd cuts, while the situation was reversed in the 3rd cut, with trit-
icale superiority to oat. This was clearly reflected on the mixtures of BC
with both crops, which followed the same trend, where mixtures with
triticale were highly productive in the 3rd cut, opposite to mixtures
with oatwhichwere highly productive in the 1st and 2nd cuts.Mixtures
with oat out-yielded mixtures with triticale by around 24%. In a similar
study, Lithourgidis et al. (2006) concluded that mixing common vetch
with oat resulted in 18% more forage yield than mixtures of common
vetch with triticale. A deep look into the growth dynamics of triticale
and oat would clarify their variable productivity among the three cuts,
when sown in monocultures and binary mixtures with BC. In their in-
vestigation, Sullivan et al. (1982) reported higher forage yield for oat
early in the season, while triticale was more productive, with faster
growth in mid-season. It is evident that oat plants are leafier than triti-
cale plants, especially after cutting/grazing, oat regrowthwill be charac-
terized with higher dry matter and green leaf yields than triticale.
Another reason for the increased yield of oat at the beginning of the
growing season might be its higher plant density even when using the
same seeding rate for triticale and oat. Similar to the current study,
Berkenkamp and Meeres (1987) and Baron et al. (1992), reported
yield advantage for oat over barley and triticale when seeded with sim-
ilar rates based on seed weight or count, while, when McCartney and
Vaage (1994), seeded oat at lower rates by weight to other cereal
crops, its potential yield advantage was offset. This is because, triticale
seeds are larger in size than oat seeds, therefore, to maintain equal
plant densities from both crops, higher seeding rate in case of triticale
should be used (Sullivan et al., 1982).

Generally, BC mixtures with triticale were less productive than pure
BC stands,whilemixtures of BCwith oat produced similar yields to pure
between the digestible organic matter (DOM) as dependent variable and the other tested

Model R-square F-value Pr > F

0.8082 118.00⁎⁎ <0.0001
0.8407 5.52⁎ 0.0264
0.8802 6.01⁎ 0.0216
0.8514 1.86ns 0.1840

el.
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stands of BC. Berkenkamp and Meeres (1987) reported that Welsh
spring triticale was less competitive in a legume-grass mixture than
oat, to the extent that mixtures of triticale with field pea and faba
bean yielded less than either monocrop. Noticeably, forage DM content
of triticale was higher than that of oat, which was in line with the find-
ings of McCartney and Vaage (1994), who compared the two crops at
different growth stages.

In order for the forage mixture to be beneficial, Baron et al. (2015)
suggested that the total yield of themixture should be equal to or higher
than the average yield of the two mixture components, which was the
case in the current study. The total yield of the three cuts amounted to
112.37 and 62.13 t ha−1, for pure BC and pure G stands, respectively.
While their average was 87.25 t ha−1, the total 3-cut yield of the 50%
BC: 50% G treatment was 91.30 t ha−1.

4.2. Variations in herbage nutritive value

Berseem clover was responsible for increasing the CP content in the
mixtureswith forage grasses. It was observed that all the tested legume-
grass mixing rates produced CP content higher than that of the pure
grass stands, but lower than that of pure BC stands. This result
highlighted the potential protein benefit from including BC in mixtures
with low-protein forage grasses. Similar findings were reported for var-
ious legume-grass mixtures (Barsila, 2018; Haq et al., 2018; Salama and
Zeid, 2016).

While pure oat stands had very lowCP content (9.72%), pure triticale
standswere characterized bymoderate CP content (12.12%) for a forage
grass. This was reflected on the higher CP content of mixtures with trit-
icale than with oat. Similar results were reported by Gill and Omokanye
(2018) formixtures of peaswith oat and triticale. The improved CP con-
tent of the legume-grass foragemixtures in the current study, offers the
beef cattle producers an on-farm green protein source that can partially
substitute the grain component in cattle diet. According to the NRC
(2000) model for beef cattle diet, 7%, 9% and 11–13% CP are recom-
mended for mid pregnancy, late pregnancy, lactating dairy cows and
young calves, respectively. In the current study, triticale pure stands
and in binary mixtures with BC met the requirements of lactating
dairy cows and young calves (approximately 12–14% CP). Meanwhile,
oat pure stands (with only 9.72% CP) were only adequate for mid- and
late-pregnancy cows, however, when grown in mixtures with BC,
even with the least amount of clover contribution to the mixture
(25%), the CP content of the mixture was much improved to meet the
requirements of lactating dairy cows and young calves. Although 1st
cut is usually characterized with higher CP content than subsequent
cuts (Salama and Zeid, 2016), this was the case only with oat in the for-
agemixtures, while including triticale in themixtures resulted in similar
CP content for the three cuts, this might be attributed to the relatively
high initial CP content of triticale.

Grasses, generally, contain higher amounts of the cell wall compo-
nents than legumes. The NDF content, especially, is a direct determinant
to forage intake, with NDF concentrations >550 g kg−1 DM severely re-
ducing voluntary intake (Baron et al., 1992), which was the case with
pure grass stands in the current study, while, mixing BCwith grasses re-
duced the NDF content to below that critical limit. In dairy studies, the
performance of grasses and legumes is always confounded by the differ-
ences in NDF between both species. With grasses containing more NDF
than legumes, when diets contain equal amounts of dry matter, diets
containing grasseswill be characterized byhigherNDF amounts than le-
gumes. Similar findings were reported for mixtures of common vetch
with oat and triticale by Lithourgidis et al. (2006). Similarly, ADF was
decreased as a result of mixing BC with forage grasses (Salama and
Zeid, 2016). In case of lignin content, pure BC stands and mixtures
with the highest contribution of clover had significantly higher values
than the other forage treatments (Laidlaw and Teuber, 2001; Salama
and Zeid, 2016), and that was mainly because of the low lignin propor-
tion in the cell wall of monocots than the cell wall of dicots (Buchanan
et al., 2015; Carpita and McCann, 2015). Opposite to the current study,
Gill and Omokanye (2018) reported no variations in the fiber fractions
between pure stands of forage grasses and their mixtures with peas.
They added that oat had higher NDF and ADF contents than triticale.
In the current study triticale, in general, had higher NDF and ADF con-
tents than oat, meanwhile, triticale supplied the legume-grass mixtures
with higher contents of fiber components than oat. The higher CP and
fiber components of triticale than oat, in the current study, might be at-
tributed to its higher DM content.

Forage grasses were expected to have higher amounts of non-fiber
carbohydrates than BC; however, this was true for the 3rd cut, while
in the 1st and 2nd cuts, increasing the grass percentage in the mixture
was accompanied with an increase in the NFC contents over the pure
stands of either crops. Similarly, El Kramany et al. (2012), reported an
ascending increase in carbohydrate content of berseem clover-triticale
mixture with increasing the proportion of triticale in the mixture. In
line with the current study, Keles et al. (2016) reported that oat had
higher NFC content than triticale when compared at the tillering and
stem elongation growth stages. This was obviously reflected on a higher
NFC content of BC mixtures with oat, than with triticale in the current
study. Keles et al. (2016) added, however, that triticale had more lignin
content than oat, which did not fully concur with the current results,
where oat had higher ADL content than triticale. This contradiction
might be due to the different varieties of triticale and oat tested in
both studies.

Forage grasses in the current experiment were characterized with
higher amounts of structural cell-wall components which have low di-
gestibility than other cell contents. Therefore, increasing the grass pro-
portion in the mixture reduced its digestibility and the highest DOM
was reported for the pure BC stands, and 25% G+ 75% BCmixtures. De-
spite its higher NDF andADF contents, triticalewasmore digestible than
oat, probably because of its higher CP and lower lignin contents. There-
fore, mixtures of BC with triticale possessed higher digestibility than
mixtures with oat. Similarly, Sullivan et al. (1982) reported higher nu-
tritive value of triticale than oat, in terms of higher intake and digestibil-
ity that was reflected on the better performance of cattle fed triticale.
They, thus, recommended triticale as an alternative forage crop for fat-
tening cattle.

4.3. Variations in yield and quality attributes of the fourth cut

After the 3rd cut, BC regrowth did not suffer from any competition
for light, space and soil nutrients, due to the complete absence of oat
and triticale, thus, all the experimental plots turned to be pure BC
stands, cultivated with different seeding rates (25 to 100%). Obviously,
the amount of forage yield was directly proportional to the seeding
rate, and thus the highest yield was achieved with 100% seeding rate.
That the NDF and ADF increased in plots where oat and triticale were
previously present, was probably due to the increased spacing, accom-
panied with the low BC density that promoted the growth of thicker
and more vigorous stems, which were characterized by higher fiber
content than the leaves. For the same reason, CP content of the crop de-
creased with decreasing the seeding rate, due to the decrease in leaf:
stem ratio, where leaves are characterized by higher CP content than
stems.

4.4. Stepwise regression analysis

Forage digestibility is among the most important determinants to its
quality,which is highly variable as affected by the forage's chemical com-
position. Organic matter digestibility represents digestibility of the cell
components (100% digestible), as well as, digestibility of the cell wall
components (variably digestible). Among the most practical and reliable
measures proposed for determining the suitable maturity stage at which
forages should be cut for high digestibility, were NDF (Givens and
Deaville, 2001), and ADF (Castillo et al., 2009) contents. However, both
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fiber fractions are negatively correlated to digestibility (Bruinenberg
et al., 2002). Aided by the stepwise regression analysis, the current
study aimed at analyzing the amount of contribution of each of the stud-
ied quality parameters in determining the DOM of the investigated for-
age treatments. Results showed that the CP content had the highest
significant contribution in determining DOM of the forage treatments.
The positive correlation between CP content and digestibility suggests
that the bundle of treatments thatwould increase the CP content of a for-
age, would meanwhile contribute to improving its digestibility (Salama,
2019). Therefore, it was reported in the current study that berseem clo-
ver mixtures with triticale were highly digestible, compared to mixtures
with oat, probably because of the higher CP content of triticale, that
proved to have the strongest influence on the forage digestibility. After
CP content, NDF and ADL contents significantly affected the DOM. The
NFC content proved to have no contribution in determining DOM of
the forage treatments; therefore, it was excluded from the analysis.

5. Conclusion

Mixing BC with annual winter forage grasses provide the small-
holder livestock producers (main suppliers for meat and milk) with a
high amount of forage with balanced nutritional value to support the
forage-based feeding systems. Results of the current study clearly indi-
cated thatmixing rate significantly influenced the yield and quality per-
formances of the legume-grass mixtures. Forage yield was higher for BC
monocultures followed by mixtures with oat for the 1st and 2nd cuts
and mixtures with triticale for the 3rd cut. Crude protein content was
highest in BC monocultures and berseem clover-triticale mixture
(75%:25%). Grasses, in general, improved the dry matter accumulation
and carbohydrate components (NFC, NDF and ADF) in the forage mix-
tures, with triticale being superior to oat. The significantly highest
DOM was a character of the pure BC stands, and forage mixtures with
75% BC. The complete absence of the tested forage grasses in the 4th
cut questions the feasibility of taking this cut against taking only three
cuts and then clearing the land to allow for early subsequent summer
cultivation. The variations in DOM were most dependent on the varia-
tions in CP content, followed by the variations in NDF and ADL contents.
Under similar Mediterranean conditions, mixing BC with triticale at
75%:25% mixing rate would produce high fresh forage yield with bal-
anced nutritional options.
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