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ABSTRACT

Two field experiments were conducted at Sids Experimental
Agricultural Research Station, (ARC), in 2006/2007 and 2007/2008
seasons to (i) evaluate the performance of two varieties of barley
as a multicut forage crop either in pure stand or intercropped
with berseem and (ii) comparing berseem, barley and ryegrass as
sole crops or intercropped to determine the best grass- legume
combination for maximum yield and better forage quality. Total
fresh forage yield of pure stand ryegrass was superior to those of
barley cv. Giza 123 and barley cv. Giza 2000 by 13.61 and
15.03 t fed™, respectively. Barley cv. Giza 123 outyielded Giza
2000 by 1.42 t fed™. Total fresh forage yield of intercropped
berseem with barley cv. Giza 123 surpassed those of berseem +

barley cv. Giza 2000 and berseem in pure stand by 10.8 and 11.4
percent, respectively. Total fresh forage yield of berseem +
ryegrass was lower by 3.96 t fed™ than that of berseem + barley
cv. Giza 123, but higher by 1.27 and 1.49 t fed™ than those of
berseem + barley cv. Giza 2000 and berseem in pure stand,
respectively. Barley cv. Giza 123 was better companion with
berseem than cv. Giza 2000. Ryegrass showed better stand
persistence and duration than the barley. Total dry forage yield
followed the same trend of fresh forage yield, but the magnitude
of difference was greater. Intercropping of berseem with forage
grasses lead to improve forage quality through balancing crude
protein (cp), Total Digestible Nutrients (TDN) and Ca/P ratio. It
could be concluded that to maximize forage yield and its quality
per unit area by intercropping barley cv. Giza 123 and Egyptian
clover 50%:50%.
Keywords: Berseem, Egyptian clover (Trifolium alexanderinum,
L.), ryegrass (Lolium multiflorum, L.), barley (Hordeum
vulgare, L.), forage intercropping, quality.
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INTRODUCTION

In countries which have limited arable land, water resources
and rapid annual increase in population, food supply is far less
than the needs. In such countries (e.g. Egypt) the researchers
efforts are directed to improve yield production and nutritive
value of the cultivated crops including forages. Intercropping and
mixture crops (legumes and grasses) are also effective
techniques to raise the productivity of cultivated land and
produce high quality feed. Egyptian clover or berseem, (Trifolium
alexanderinum, L.) is one of the best annual crops for winter
forage production. Berseem is the main livestock feed in Egypt
due to its high protein production and relatively low production
cost. However, berseem often contains high moisture and low
dry matter especially in first cut. On the other hand, grass and
cereal crops grown for forages (barley, ryegrass and oats) have
high dry matter production and low protein (Eskandari et al.,
2009), thus low forage quality. Since high quality forage
optimizes the productivity of animals, increasing the quality of
berseem is one of the best methods of improving overall feeding
efficiency.

Intercropping, which is defined as the growing of two or
more crop species simultaneously in the same field during a
growing season (Ofori and Stern, 1987), is important for the
development of sustainable food production system, particularly
in cropping systems with limited external inputs (Adesogan et al.,
2000). Bingol el at., 2007 found that all mixture of vetch and
barely had significantly higher digestible dry matter and crude
protein yield. Strydhorst et al. (2008) reported that legumes
intercropped with barely resulted in higher forage quality than
pure barely. Also, forage quality in terms of NDF and ADF was
improved by intercropping of grass with annual legumes (Yolcu
et al., 2009).

Intercropping of legumes with grasses leads to some of
potential benefits such as higher productivity and profitability
(Yildirim and Guvence, 2005), improvement of soil fertility
through the addition of nitrogen by fixation and execration from
the component legumes (Hauggaard-Nielsen et al., 2001),
efficient use of resources (Knudsen et al.,, 2004), reducing
damage caused by pests, disease and weeds (Banik et al., 2006),
and improving forage quality through the complementary effects
of two or more crops grown simultaneously on the same area of
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land (Ross et al., 2004, Lithourgidis et al., 2006 and Bingol et al.,
2007).

Intercropping of berseem (Trifolium alexanderinum L.) with
ryegrass or barley may improve forage quality and yield. Benefits
of mixture include increasing dry matter yields, which is mainly
due to the benefit of the associated grass from nitrogen fixed
(BNF) by the legume. This benefit is a result of nitrogen transfer
(N) (vallis et al., 1977 and Ta and Faris, 1987), develop the
protein content and improve the nutritive value of forage. These
findings were also reported by other researchers (Abou-Raya and
Ibrahim, 1973; Radwan et al., 1977; Hefni et al., 1978; Nor El Din et
al., 1992; Abo-Kerisha et al., 1996, Abd El Sattar, 1999 and Abdel-
Aziz et al., 2007).

Animal production in Egypt is severely limited by marked
seasonal feed deficits where the supply is less than the demand.
Therefore, one of the proposed ways to overcome the problem is
to expand mixture or intercropping cultivation of berssem with
ryegrass or barley to increase the production of unit area and
improve the quality of the resulted forage. The objectives of this
study were to (i) evaluate the performance of two varieties of
barley as a multicut forage crop either in pure stand or
intercropped with berseem and (ii) comparing berseem, barley
and ryegrass as sole crops or intercropped to determine the best
grass — legume combination for maximum yield and better forage
quality.

MATERIALS AND METHODS

The present investigation was carried out at Sids
Experimental Station Farm, ARC, during 2006/2007 and 2007/2008
winter seasons to investigate the productivity and forage quality
of berseem, ryegrass and barley sown in pure stands compared
to the intercropped berseem with either ryegrass or barley.
Physical and chemical soil analyses for the experimental site (O -
30 cm soil layer) were carried out according to Chapman and
Pratt (1961) and Jackson (1967) to determine soil properties of
the experimental sites which are presented in Table, 1.

Table 1. Physical and Chemical analyses of the experimental
soil at (0 —30 cm soil depth).

Soil property 2006/2007 2007/2008
Mechanical
analysis: 21.13 21.18
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Sand % 34.70 34.80
Silt % 44.60 44.35
Clay % Clay Clay
Soil texture

Chemical analysis:

pH 8.44 8.40
EC dsm™ 1.03 1.02
Total N % 0.57 0.56
Available (K) ppm 0.92 0.91
Available (P) ppm 10.03 9.35
Organic matter (%) 2.02 2.01

The experimental design was a randomize complete block
with four replicates. Each block contained seven treatments (1)
pure stand barley (cv. Giza 123); (2) pure stand barley (cv. Giza
2000); (3) pure stand ryegrass (cv. Caramba); (4) intercropped
berseem (cv. Giza 6) + barley (cv. Giza 123); (5) intercropped
berseem (cv. Giza 6) + barley (cv. Giza 2000); (6) intercropped
berseem (cv. Giza 6) + ryegrass and (7) pure stand berseem (cv.
Giza 6). Plot size was 10.5 m? The sowing dates were 15™ and
10" of October in the first and second season, respectively.
Seeding rates were 20 kg fed™ for pure berseem; 40 kg fed™ for
pure barley; 18 kg fed™ for pure ryegrass and the intercropped
plots were sown by 50% legume + 50% grass, in alternative rows
— 20 cm apart.

Berseem clover (c¢v. Giza 6) was inoculated with the
appropriate Rhizobium trifolii. All plots received 30 kg P,Os fed™
before sowing. Potassium sulphate (48% K,0O) was added at the
rate of 50 kg fed™. Nitrogen fertilizer was added as ammonium
nitrate (33.5% N) at the rate of 60 kg N fed™ for barley and
ryegrass and 20 kg N fed™® for berseem in pure stand or
intercropped with barley or ryegrass. The N fertilizer was divided
into four equal doses and the first dose was applied after 15 days
from seeding, then after each cut prior to irrigation.

Four cuts were taken after 7, 13, 17 and 21weeks from
sowing in both seasons. Cutting started when plants were about
40-50 cm high and the stubble height was about 5 cm from soil
surface.

Studied traits included:
A- Forage yield
1- Plant height (cm) of ten plants in each plot was measured
from soil surface to the junction of the top most leaf.
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2- Fresh forage yield (t fed™): plants were hand clipped and
weighed in kg/plot then, converted to t/fed.

3- Dry forage yield (t/fed.): 100 gm plant samples from each
plot were dried at 105 °C till constant weight and dry
matter percentage (DM %) was estimated. The dry forage
yield (t fed™) was calculated by multiplying fresh forage
yield ((t fed™) X dry matter percentage.

4- Plants of intercropped plots were hand clipped and
separated into grass and legume components and
weighed to determined fresh forage yield and estimate the
grass percentage in each plot.

5- Berseem plants roots of first and second cuts were
examined to determine nodules number (No. nod/10
plants) and dry weight of nodules (mg/10 plants).

B- Chemical composition

Chemical analysis followed the conventional methods
outlined by the Association of Official Chemists (A.O.A.C., 1990).
Plant samples of each cut in both years were dried, ground and
saved in labeled plastic bags for chemical analysis. Samples
were analyzed in the Forage Crops Research Dep. Lab. at Giza to
determine crude protein (CP), crude fiber (CF), ether extract (EE)
and ash. Calcium (Ca) and Phosphorus (P) were detected at
Regional Center for Food and Feed (RCFF), ARC. Digestible
crude protein was calculated according to the equation of
McDonald et al. (1978). DCP = CP X 0.9115 - 3.67.

Total digestible nutrients (TDN %) was calculated according
to the equation of Naga and El-Shazly (1971). TDN = 0.87 (OM +
1.25 X EE) — CP X 1.44, where OM =100 — Ash

Data were statistically analyzed according to procedure
outlined by Snedecor and Cochran (1980) using MSTAT-C
computer program ver. 4 (1986). Homogeneity of variance was
done for the two seasons by using Bartlett test according to
Gomez and Gomez (1984). Data of the two years combined are
presented and discussed due to the homogeneity of the two
years.

RESULTS AND DISCUSSION

Fresh forage yield

Results of fresh forage yield for the individual cuts and total
fresh forage vyield (combined over two seasons) of the
investigated crops are presented in Table,2 .Total fresh forage
yield of pure stand ryegrass was superior to those of barley cv.
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Giza 123 and c¢v. Giza 2000 by 13.61 and 15.03 t fed?,
respectively. This superiority could be attributed to better
persistence for ryegrass compared to barley that was reflected in
an extra cut from ryegrass per seasons. Rye grass provided four
cuts per season, while barley plants vanished after the third cut,
Table, 2 and Fig. 1.

It is roteworthy that fresh forage yield of first cut of pure
stand barley, averaged over varieties, exceeded that of ryegrass
by 10%, but sharply declined thereafter, Table, 2. Fresh forage
yield of barley in the second and third cuts was decreased by
51.9 and 73.4 % relative to first cut, respectively. Fresh forage
yield of ryegrass was decreased by only 22.1 and 20.3 % in the
same period, Table 2. These results could be mainly attributed to
the high tillering capacity of ryegrass compared with barley in the
subsequent cuts (Rizk et al., 2005). The obtained results also
revealed that ryegrass maintained better forages availability and
distribution throughout the season compared with barley, Table,
2. Results in the same table also indicted that fresh forage yield
of the two cultivars of barley sown in pure stands did not
significantly differ. However, yield of c¢v. Giza 123 was
consistently higher but not significant than that of cv. Giza 2000
and the Increase in total yield (1.42 t fed™) should not be
economically ignored.

Total fresh forage yield of intercropped berseem with
barely cv. Giza 123 was the highest and significantly surpassed
those of berseem + barley cv. Giza 2000 and berseem in pure
stand by 10.8 and 11.4 percent, respectively, Table 2. In spite of
berseem intercropped with ryegrass showed better persistence
than barley as illustrated in Fig. 1, but its total fresh forage yield
was lower by 3.96 t fed™ than that of berseem + barley cv. Giza
123. On the contrary, it was higher by 1.27 and 1.49 t fed™ than
those of berseem + barley c¢v. Giza 2000 and berseem in pure
stand, respectively, Table, 2. These yield differences although not
statistically significant but should be considered.

Table 2: Fresh forage yield (t fed™) of berseem, barley and
ryegrass as affected by planting in pure stand or
intercropping (combined over two years).

Treatments Cuts (t fed™)
1°' Cut 2" Cut[3™ Cut[4"™ Cut| Total
Barley (cv. Giza 123) 11.29 | 547 | 3.14 - 19.90
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Barley (cv. Giza 2000) 10.68 | 5.10 | 2.70 - 18.48
Ryegrass 9.98 7.77 | 7.95 | 7.81 | 33.51
Berseem + barley (cv.| 14.08 | 15.97 | 13.58 | 9.83 | 53.46
Giza 123)
Berseem+barley (cv. Giza] 12.68 | 13.70 | 12.80 | 9.05 | 48.23
2000)
Berseem + ryegrass 13.36 | 13.69 | 12.75 | 9.70 | 49.50
Berseem 12.53 | 13.50 | 12.88 | 9.10 | 48.01
LSD 0.05 1.83 245 | 230 | 1.33 | 4.11
= =te= = Barley (Giza 2000) === Barley (Giza 123} o= o= Barley (Gizal23) = » = Barley(Giza2000)
E ; = Ryegrass o ¥ ¥
E ~ T 60
¢ 40 1 \\ ™~ £ 50
:_Z 30 + s - - g 40 -
% 20 Ny \\ LD
3 \ 7 20
= 10 ©
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0 ‘ . ‘ ) 0
! Cuts 4 1 2 3
Cuts
Fig. 1. Forage grasses % Fig. 2: Barley plant height in
intercropped with pure and intercropped
berseem with berseem

Concerning, the significant differences between the two
cultivars of barley when intercropped with berseem, barley cv.
Giza 123 showed a success as a companion intercropped with
berseem more than barley cv. Giza 2000. Holland and Brummer
(1999) reported that cultivars of barley and oats differed in their
competitiveness in intercropping. Increasing forage production
of berseem + barley cv. Giza 123 may be due to healthy N2- fixing
berseem plant nodules in first and second cuts (Table 3)
significantly enhanced growth and yield of barley that reflected in
increasing of plant height, Fig. 2.

Table 3: Nodules number (10 plants) and dry weight (mg / 10
plants) of berseem in pure stand or intercropped with
barely or rayegrass (over two years)

Nodules number

Nodules dry

Treatment

weight

15 Cut | 2" Cut

15 Cut | 2" Cut
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Berseem + barley (cv. Giza] 320 390 298 448
123)

Berseem+ barley (cv. Giza] 285 335 271 399
2000)

Berseem + ryegrass 281 310 252 389
Berseem 270 295 245 365
LSD 0.05 8.2 9.6 10.2 11.3

Dry forage yield

Results of dry forage yield for the individual cuts and total
yield (combined over two years) of the investigated crops are
presented in Table, 4. The obtained results followed the same
trend of fresh forage yield, but the magnitude of difference was
greater.

Total dry forage yield of pure stand ryegrass surpassed
those of barley cv. Giza 123 and cv. Giza 2000 by 2.08 and 2.26 t
fed®, respectively. Total dry forage yield of pure stand barley cv.
Giza 123 exceeded that of cv. Giza 2000 by 7.7 percent but not
reached to the level of significant, Table 4. It is noteworthy that
intercropping grasses with berseem improved dry forage yield
compared to growing grasses or berseem in pure stands.

Table 4: Dry forage yield (t fed™) of berseem, barley and ryegrass
as affected by planting in pure stand or intercropping
(combined over two years).

Treatments Cuts (t fed™)

1'cut| 2™ | 39 | 4™ |Total
Cut | Cut | Cut

Barley (cv. Giza 123) 131 |0.74 048 | - 2.53
Barley (cv. Giza 2000) 1.26 | 0.67 042 | - 2.35
Ryegrass 1.16 |1.07]1.21|1.17 | 4.61

Berseem+barley (cv. Giza123)| 159 | 183|162 | 131 | 6.35
Berseem+barley (cv. Giza 138 | 152|148 |1.18 | 556

2000)

Berseem + ryegrass 1.37 169 |162|1.33]| 6.01
Berseem 1.21 | 142|152 |1.32| 5.47
LSD 0.05 0.25 [ 0.28]10.26 | NS | 0.31
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Fig. 3: Ryegrass plant heights Fig. 4. Berseem plant height in

(cm) in pure stand and pure stand and
intercropped with intercropped with
Berseem grasses

The highest and significant total dry matter yield resulted
from berseem intercropped with barley cv. Giza 123, which out

yielded those of berseem + barley cv. Giza 2000, berseem +
ryegrass and berseem in pure stand by 14.2, 5.7 and 16.1 percent,
respectively. Total dry forage yield of berseem intercropped with
ryegrass was significant and higher than that of berseem in pure
stand by 9.9 percent, Table 4. These results might be explained
by the beneficial effect of closer roots of berseem which led to
increase of plant height, Figs 3 and 4. The obtained results are in
agreement with Holland and Brummer (1999), Ross et al. (2004)
and loannis and Dhima (2008) but in disagreement with Stoute et
al. (1997) and Rizk et al. (2005).

Chemical composition:

Crude protein:

The investigated treatments varied significantly in crude
protein content, within and among cuts, Table 5. Berseem in pure
stand consistently had the highest crude protein concentration
which ranged from 17.2% in the first cut to 12.7% in the last.
Crude protein level declined over time as the stand aged. The
higher values of crude protein in berseem are due to the
symbiotic fixation, which is reflected in the high number and dry
weight of nodules, Table 3. Stoute et al., 1997 reported that
berseem fixed about 188 kg N ha® when measured with N*. In
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addition, legumes have greater leaves to stem ratio which is a
primary sites of photosynthesis and enzymes activity, protein
concentration is generally greater in leaves than stem
(McAndrews, et al., 2004).

Ryegrass in pure stand had the lowest crude protein that
ranged from 10.7% in the first cut to 8.7% in the last, Table 5.
Crude protein of pure stand barley, averaged over varieties, was
the highest in the second cut (12.8%) compared with that of the
first (11.68%) and last cut (10.77%). However, crude protein cv.

Giza 123 surpassed that of cv. Giza 2000 by 4% in the first and
second cuts, that may attributed to genetic effect, Table 5. These
results are in accordance with the results of Abdel-Aziz et al.
(2007).

Crude protein values of the intercropped treatments were
intermediate between the respective values of the extremes (i.e.
grass or berseem in pure stands). The values of berseem + barley
(averaged over cultivars) ranged from 13.4% in the first to 12.6%
in the last cut, whereas, it ranged from 13.0% in the first to 10.2%
in the last cut for berseem + ryegrass, Table 5. These results
indicate that intercropping legumes (e.g. berseem) with grass
(e.g. barley or ryegrass) balances crude protein content in the
produced forage which leads to improving nutrient value,
livestock bloat avoidance and not loses of important element.
The previous results are in agreement with Ross et al. (2004) and
loannis and Dhima (2008).

Crude fiber

Crude fiber of pure stand barley was the highest in the first
cut and declined as the stand aged. Crude fiber of barley,
averaged over cultivars, ranged from 27% in the first cut to 25.2%
in the last, Table 5. The decline in crude fiber of barley may be
explained by thinned stems and/or better leaf/ steam ratio in
successive cuttings. These results can be supported by those of
crude protein in the same table. Crude fiber of pure stand
ryegrass increased from 24.24% in the first cut to 28.96% in the
last. Crude fiber of pure stand berseem followed the same trend
and ranged from 21.5% in the first cut to 27.8% in the last, Table
5.

The increase in crude fiber of ryegrass and berseem over
time can be explained by leaf defoliation and/or increase in stem
portion of the stand. Crude fiber of intercropped berseem with
barley, averaged over two cultivars, ranged from 24.4% in the
first cut to 27.7% in the last, whereas, that of berseem + ryegrass
ranged from 23.84% in the first to 27.66% in the last, Table 5.
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Ash

Barley, ryegrass and berseem in pure stands or
intercropped had high percentages of ash. These percentages
slightly decreased by successive cuts. Intercropping of berseem
with barley did not increase ash percentage for all the three cuts,
Table 5. On the other hand, intercropping of berseem with
ryegrass resulted in positive increase in ash percentage in all
cuts (3.37%). There were significant differences between the two
cultivars of barely in ash percentage. Barley (c¢v. Giza 2000) had
higher ash percentage than that of cv. Giza 123. This might be
explained by the ability of this cultivar to scavenge more
elements than the other. These results confirmed with the finding
of Nor EI-Din el al., 1992 and Abdel-Aziz el al., 2007.

Oil

Berseem in pure stand had the highest EE percentage (1.8 —
1.55%) from first to fourth cut respectively. The lowest values
resulted from barley in pure stand, Table 5. No significant
differences were detected between barley and ryegrass when
intercropped with berseem.

Digestible crude protein (DCP)

Data in Table (5) showed that highest values of DCP were
obtained from berseem either in pure stand or intercropped with
grasses, while the lowest values were obtained from barley and
ryegrass in pure stands, Table 5. We can also observe that
increasing DCP% by increasing of CP% in all successive cuts.
Intercropped berseem with barley cv. Giza 123 had higher DCP%

(8.77, 9.37, 8.41) than intercropped berseem with barley cv. Giza
2000. We can also observe that DCP% of berseem + ryegrass was
lower than that of berseem + barley in all successive cuts. This
might be due to decreasing CP% of the companion ryegrass.

Table 5: Chemical constituents (%) of barley, ryegrass and
berseem as affected by planting in pure stand
intecropping (combined over two years).

Treatment Cutl

CP | CF | Ash | EE | OM | NFE | DCP | TDN
Barley (1)* 11.92|27.22|15.40(1.55(84.60{43.91| 7.20 | 58.13
Barley (2)* 11.44|26.83|14.90|1.55(85.10(45.28| 6.76 | 59.25
Ryegrass 10.70(24.24|14.70|1.60(85.30(48.76| 6.08 | 60.54
Berseem +13.65(24.29|14.18|1.62|85.82|46.26| 8.77 | 56.77
barley (1)
Berseem +13.15(24.51|14.25|1.61|85.75|46.48| 8.32 | 57.41
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barley (2)

Berseem +13.01|23.84/15.70|1.65|84.30(45.80| 8.19 | 56.41

ryegrass

Berseem 17.20]21.50|15.10/1.80(84.90|44.40|12.01| 51.05

LSD 0.05 0.35]0.09 | 0.08 |0.05| - - |0.11] 0.09
Cut 2

Barley (1)* 13.05|23.57|14.54|1.48|85.46|47.36| 8.23 | 57.17

Barley (2)* 12.55|25.63|12.97|1.48|87.03|47.37| 7.77 | 59.26

Ryegrass 10.44|24.70|14.57|1.50(85.43|48.79| 5.85 | 60.93

Berseem +14.31|24.14/12.70|1.63|87.30(47.22| 9.37 | 57.11

barley (1)

Berseem +13.88|24.60(12.54|1.64|87.46|47.34| 8.98 | 57.88

barley (2)

Berseem +13.05|26.10|13.05|1.62|86.95(46.18| 8.23 | 58.62

ryegrass

Berseem 15.44/25.20|12.73|1.81(87.27|44.82|10.40| 55.66

LSD 0.05 0.15]0.11 | 0.08 |0.05] - - 10.13] 0.10
Cut 3

Barley (1)* 10.81|25.10{14.00(1.50/86.00({48.59| 6.18 | 60.88

Barley (2)* 10.73]25.35|13.73|1.52(86.27|48.67| 6.11 | 61.26

Ryegrass 9.57 |26.20/12.90/1.50(87.10|49.83| 5.05 | 63.63

Berseem +13.25|27.80(13.93|1.57|86.07(43.45| 8.41 | 57.51

barley (1)

Berseem +12.12|27.60(12.73|1.57|87.27|45.98| 7.38 | 60.18

barley (2)

Berseem +12.00(27.00{13.69|1.58|86.31(45.73| 7.27 | 59.53

ryegrass

Berseem 14.05|26.30|{13.13|1.70(86.87|44.82| 9.14 | 57.20

LSD 0.05 0.14]10.12 | 0.08 | NS | - - 10.13] 0.08
Cut 4

Barley (1)* - - - - - - - -

Barley (2)* - - - - - - - -

Ryegrass 8.70 |28.96|12.26|1.50|87.74|48.58| 4.26 | 65.44

Berseem +12.65|25.17(13.73|1.53|86.27|46.92| 7.86 | 58.50

barley (1)

Berseem +12.61|25.66|13.69|1.53|86.31(46.51| 7.82 | 58.59

barley (2)

Berseem +10.20|27.66|13.56|1.51|86.44(47.08| 5.63 | 62.16

ryegrass

Berseem 12.70(27.80|{13.20|1.55(86.80|44.75| 7.36 | 58.91

LSD 0.05 0.14]10.09|0.09 | NS | - - [0.11] 0.08

*(1) = Barley cv.. Giza 123 and (2) = barley cv.. Giza 2000
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Total Digestible nutrients (TDN)

There were considerable differences in TDN between
berseem in pure or intercropped stand. The lowest TDN%
resulted from berseem cultivated in pure stand in all successive
cuts except at the fourth cut. On the other hand, ryegrass had the
highest values of TDN, Table 5. In general, intercropping of
berseem with forage grasses positively reflected in increasing of
TDN% compared with pure berseem. Intercropping of berseem
with barley (average of the two cultivars) gave TDN values of
57.09, 57.50 and 58.85% compared to intercropping berseem with
ryegrass which gave 56.41, 58.62 and 59.53% for the three
successive cuts, respectively.

Improving of TDN due to intercropping berseem with forage
grasses was pronounced especially with ryegrass which is
continued because of its duration in the stand from first to fourth
cut. The obtained results are in agreement with Mostafa et al.
(1996).

Calcium and Phosphorus

Calcium (Ca) and Phosphorus (P) concentrations were
determined in the harvested plants, Table 6. Berseem and barely
in pure stands were inferior to pure stand ryegrass in the first
and second cut with respect to phosphorus. However, no
considerable differences were detected in the third or fourth cut.
Berseem in pure stand possessed higher calcium concentration
that ranged from 1.88% in the first cut to 2.01% in the last,
compared to barley (0.53 — 0.31%) and ryegrass (1.5 — 0.81%).
Ca/P ratio ranged from 1.42 to 1.02 for pure stand barley, and
from 2.94 to 2.79 for pure stand ryegrass. These values are
assumed to properly meet livestock requirements, since, the ratio
of the two minerals in bone 2:1 (McDowell et al., 1983). The Ca/P
ratio in pure stand berseem was highest and ranged from 5.69 to
6.93. Intercropping of berseem with barely or ryegrass
successfully modified the Ca/P ratio in the forage. Ca/P ratio in
the forage resulting from pure stand berseem was narrowed from
(5.69, 5.25. 7.03 and 6.93) to (2.5, 3.23, 5.00 and 5.30) in that
resulting from intercropped with ryegrass and to (3.03, 3.60, 5.60
and 6.35) in that resulting from berseem intercropped with barley.
These results are in line with Abou-Raya and Ibrahim, 1973 and
Abdel-Aziz et al., 2007.
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Table 6: Calcium and phosphors percentage of Ca/P ratio of
forage crops as affected by planting pure or
intercropped stands.

Treatment] 1% Cut 2" Cut 3" Cut 4™ Cut

Ca| P [Ca/P|Ca| P [Ca/P|Ca| P |Ca/P|Ca| P |Ca/P

Barley (1)*/0.56/0.39/1.44|0.39/0.33]1.18|0.31/0.31{1.00| - | - [ -

Barley (2)*/0.49/0.35/1.40|0.39/0.30/1.30(0.30[0.29/1.03| - | - | -

Ryegrass [1.50(0.51/2.94|1.25|0.45/2.781.00/0.33|3.03|0.81/0.29(2.79

(3)*

Berseem+(1.07|0.37/2.89|1.20/0.35/3.42|1.80/0.33|5.45|1.90(0.30/6.33

1

Berseem+(1.05(0.33/3.18|1.25|0.33/3.78/1.85/0.32|5.76|1.91/0.30(6.36

2

Berseem+(1.06|0.42/2.50(1.26|0.39(3.23|1.55|0.31/5.00|1.59|0.30/5.30

3

Berseem [1.88/0.33/5.69|1.84(0.35/5.25|2.18/0.31/7.03]2.01/0.29/6.93

*(1) = Barley cv. Giza 123, * (2) = barley cv. Giza 2000 and * (3) =

ryegrass

It could be concluded from these results that
intercropping berseem with grasses improved crude protein
content, TDN and Ca/P ratio in addition to producing more dry
matter vyield, compared with pure stand berseem. Hence,
intercropping legumes with grasses can be used as a suitable
management strategy to maximize yield and improve forage
quality. It should be taken into consideration that more
investigations are needed to study the response of the two barley
varieties to frequent cutting in pure stand as well as intercropped
with other berseem varieties under different conditions.
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