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ABSTRACT

In Jordan, two defollatlon trials were conducted at

M’shagar 1ocat10n to evaluate the effect of growth stages and
cutting height treatments on forage yield and quality of seven
annual forage legume species namely; woolly pod vetch (vicia

dasycarpa), common vetch (Vicia sativa), bitter vetch (Vicia

ervilia), ochrus chickliﬁg (Lathyrus ochrus), dwarf chickling
(Lathyrus cicera), and Common chickling (Lathyrus sativus)f A
split-plot experimental design was used in 1989/90 and 1990/91
growing seasons..

In the growth stages trial, forage yield was increased
significantly as plants advanced in growth from 10% flowering
to full podding time. Narbon vetch produced the highest dry
forage yield in 1989/90 season, while common vetch ranked the
highest in 1990/91 season;

For all genotypeé,exg plants growth advanced to full pod
formation, digestibility, crude protein ash content and leaves
to branches ratio were decreased while crude fiber content was
increased. Bitter vetch and common vetch had the highest
‘digestibility 1levels at the first and second seasons,
respectively, while dﬁarf chickling, common chickling and
woolly pod vetch had the highest crude protein content over the

two seasons.

concerning cutting heights trial, generally, 10 cm cutting
heights gave better regrowth and produced higher seasonal
forage yleld, digestible dry matter yield, crude protein yield

and ash yield. Over the two seasons, common vetch, dwarf
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chickling and common chickling had the highest seasonal forage

yield under different cutting height treatments.
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INTRODUCTION

In Jordan, red meat production is in shortage. The

estimated self sufficiency from locally produced red meat is
24% (MoA, 1989).

The scarcity of feed resources, primarily locally produced
forages is the major limitation to animal production. Reliance
on the natural rangelands, f&llow lands and Field crops
residues (straw and stubble) as a primary cheap food source has
downgraded the importance of cultivated forages as a basis
. for more efficient animal production (cattle, sheep and goats).

The potential productivity of dryland farming is low and
fluctuates from year to year correlating with seasonal variat-
ion in rainfall. This accompanied with deterioration of natural
resources such as rangelands due to uncohtrolled grazing where
no charge to whoever wishes to graze and the expansion of
cereal, food legumes and catch-crops on the expense of forage
crops will cause the government to depend on imports. In 1989,
549 thousand tones were imported consisting mainly of barley,
corn, sorghum and cereal bran (Departmenﬁ of Statistics, 1989).

Rainfed éreas comprises about 92% of érable area of
approximately 529,000 ha. From this a very small part
cultivated by forages every year. 1In 1988, about 5000 ha were
cultivated with forages consisting mainly of bitter vetch and
common vetch (Department.of Statistics, 1989 ).

Cereal fallow is a major feature of rainfed agriculture in
Jordan, especially in areas with annual rainfall of 200-300 mm

(Harvey, 1982). One of the most promising options for increas-
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ing forage production is to replace the fallow with pasture or
fodder legumes. Such crops provide protein rich food in the
form of animal products as well as fixing atmospheric nitrogen
for their own needs and contribute to the cereal part. Beside
increasing area of forage production, selection of the high
yielding forage species adapted to the Jordanian conditions
and the proper cultural and management practices should be
. emphasized in researches. An important research activity is to
study the use of‘ forage legumes for feed production. The
forages can be used as grazing in spring, made into hay or
allowed to mature for seed and straw production. The hay
option is attractive since it provides conserved feed for the
main deficit period in autumn and winter when ewes are pregnant
or lactating. To compete with the other two options, hay
making must be an efficient operation producing a high quality
product. It is therefore, important to study the effect of crop
maturity and cutting height on yield and nutritive value of
forage crops conserved for hay.

Therefore, the present study was carried out with the
following objectives :
1. Evaluate different forage species and .genotypes _for the

forage yield and quality.

-

2. Study the effects of growth stages on forage yield and

quality.

3. Study the effect of cutting heights on plant regrowth,
e e e e e N e . .
yield and quality.

e e e A= s LT
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2. LITERAMTURE REVIEW

It is well recognized tEat the performance of many Crops
used directly for human consumption can be described by
defining the yield and quality of a single harvest taken at a
particular stage. By contrast, forage crops may be harvested
at different stages depending on the quality of the forage
required, and variable number of harvests may be taken during
the growing season. Therefore, evaluating the potential forage
crops is more complex (Abd El Moneim et al., 1990).

Several studies were conducteéd involving a compromise
between yield and quality of selected forage legume crops as a
result of different cutting tfeatments (cutting stages and
cutting frequencies). A summary of the most important findings
are presented in this 1iterature review which cover both chick-
l1ing and vetch crops. The major emphasis will be on forage or

herbage production and their chemichal composition.
2.1. Effect of cutting treatments on yield of vetch crops

cizek and Gikic (1968), in Yugoslavia, found that hay

yields of local vetches (Vicia sativa, Vicia villosa and Vicia
pannonica) harvested at the beginning of flowering was 43.1%
lower than yield at full flowering.

In Cyprus, with an average annual rainfall of 200-387 mm,

Hadjichristodoulou (1976) reported that the dry matter yield of

common vetch (Vicia sativa) increased: with later harvesting.

The higher yield was obtained at full pod formation and the

lower one was at the beginning of flowering. The dry matter
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yield increased from the first stage to the second one with

77%.

- Similar results were obtained in Pakistan, where common
vetch was harvested each 30, 45 and 60. days or at the end of
the season under 350 mm of rainfall. The dry matter yields were
417; 1342, 1675 and 2633 kg ha~l for the previous harvesting
dates, respectively. So, the final cutting treatment was
higher than all other treatments (Abdul Aleem and Noor, 1979 ).

Trevino et al. (1981) studied the. yield and growth of
bitter vetch under 420 mm average annual rainfall in a series
of trials sown in three successive years. Plants were harvested
at seven stages from very early dgrowth to mature pods. The
average dry matter yieid obtained at 10% bloom, 50% bloon,
beginning of pod formation and full pod formation were 4.69,
4.49, 6.16, and 6.2 ton ha_l, respectively. So, the highest
yield was produced from cuts taken between the beginning of pod
formation and the full pod formation.

The average values of dry forage vyield produced at
flowering stage were 2.35, 2.27, é.?l and 1.95 ton ha~! for
common vetch, woolly pod vetch, bitter vetch and pea, respecti-
vely. An increase in forage yield was detected at pod formation
stage. The average values of dry forage yield were 4.02, 3.22,
3.54 and 3.15 ton ha~l for common vetch, woolly pod vetch,
bitter vetch and pea, respectively (Ababneh, 1983). From these
values we noticed that common and woolly pod vetch are superior
to other crops. Similarly, an increase in dry matter yield of
common vetch from 1426 kg ha™! at 10% flowering to 3904 and

4460 kg ha~1 at 100% pod formation and maturity stage, respect-
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ively, was obtained by (Rihawi et al., 1983).

In another study, in U.8.A, Taylor et al. (1984) observed

that the vetch entries produced greater dry matter yield under
a single-cut system than under multi-cut system.

Droushiotis (1985), in a low rainfall environment of
Ccyprus, found that the dry matter yields were 2.99, 4.15 and
5.05 ton ha 1 when common vetch was harvested at flowering
stage, early pod formation and full pod formation, respectively.
He predicted an increase in the dry matter yield by 69% when
common vetch was harvested at full pod formation compared to
early flowering stage.

A comparable resulté were stated by Sawafta (1985),
in Jordan. He reported appreciable increase in the dry matter
yield of common vetch, bitter vetch and narbon vetch when
harvesting delayed to pod formation stage. The average values
of dry forage yield at flowering stage were 0.48, 0.90 and
0.94 ton ha~l while they were 1.08, 1.31 and 1.40 ton ha"l at
pod formation stage for the previous crops, respectively.

Moreover, Oéman and Nersoyan (1986), in ICARDK, reported
that vetch had a higher yield than pea at every seeding ratio

in each of the two growth seasons. Vetch gave 3.45 ton ha~1

1

average dry matter yield while pea gave 3.30 ton ha ~ when

harvested at full flowering stage.

In Jordan, Shorat (1987) stated that seasonal forage yield
of medic was greater than common vetch iﬂ 1985/86 season;
whereas in 1986/87 season, common vetch was superior to medic.
Also, he stated that the highest seasonal forage yield was

obtained when single cut system was used followed by two-cuts
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system and finally three-cuts system gave the lowest yield. He

also noticed that plants height, number of branches and dry

weight per plant were decreased with increasing cutting

frequency.

Abd E1 Moneim and Cocks (1988) studied yield stability of
selected forage vetches and found that woolly pod vetch (Acces-
sion # 683) yielded the most herbage followed by narbon_ vetch
(Accession # 67) and the lowest was common vetch (Accession #
2541) when harvested at 100% flowering stage. Later on, Abd El
Moneim et al. ( 1990 ), in Syria, reported that narbon vetch
attained the highest dry matter and seed yield in both seasons,
and there was very limited variability in the maximum dry
fitatter yield of other entries. In general, the maximum dry
mattef occurred at 20 to 50% podding in woolly pod vetch; 100%
podding in common vetch ( Accession # 2541 ), narbon vetch; and
at maturity in common vetch ( selection #'2037 and 2020 ).

Additionally, Ubied (1990), 1n Jordan, stéted that common
vetch maintained a high leaves/branches ratio at both flowering
and maturity with values of 1.83 and - 1.80 at the two growth
stages, respectively. So, common vetch produced the greatest

leaves production at maturity stage compared to bitter vetch

and woolly pod vetch.
2.2. Effect of cutting treatments on yield of chickling crops

Rihawi et al. (1983) reported an increase in the dry matter

yield of Lathyrus sativus from 1523 kg ha"l at 10% flowering to

2689 and 3077 kg ha~l at 100% podding and maturity stage,

respectively. Similar results were obtained by Trevino et al.
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(1984), who studied the yield of Lathyrus sativus under low

rainfall conditions in a series of field trials where plants

harvested at six stages from very early growth to mature pods.
The highest yiela were obtained at the beginning of pod or at

full pod formation.

Moreovaf, Thomson et al. (1990) reported that the dry
matter of immature herbage and yield of baled and residual hay
of chickling were 0.8 and 3.6 ton ha"l, respectively. Also, he
obtained 2.5 and 1.7 ton ha~ 1l of straw and seed yield.

In Syria, Abd El1 Moneim et al. (1990) mentioned that
common chickling attained its maximum dry matter yield at 20 to
50% podding stage while ochrus chickling attained it at maturi-

ty stage through an evaluation of some annual forage legumes

under rainfed conditions.

2.3. Effect of cutting treatments on quality of vetch and

chickling crops

Quality has‘been defined as the amount of nﬁtrient material
that the énimal can obtain in the shortest time (Walton, 1983).
Forage quality (nutritive value) should not be considered as a
single parameter, but as composed of a complex of parameters
that determine the nutritive intake of the ruminant animals fed
on that forage. Thus, the nutritive value of a forage includes
beside nutrient concentratién the feed intake as an integral
component of nutritive value.

Several studies showed that quality of forage crops

were influenced by crop species and defoliation practices.
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some legume crops at start flowering, 10% flowering, 100%

flowering and maturity stage. He found that common vetch gave
its maximum yield of digestible dry métter at 100% podding
stage. But digestibility percent was decreasedlfrom 71% at 10%
flowering to 61% at 100% podding stage. The same principle was
obtained in Cyprus, by Droushiotis (1985), that the digestible
dry matter yleld was increased significantiy when harvesting
was delayed from early flowering to full podding stage. But the
average values of digestibility percent of common vetch variet-
ies was decreased from 64.5% at early flowering to 61.4 and
59.9% at early pod formation and full podding, respectively.

Also, Abd El Moneim et al. (1990) obtained a maximum
digestible dry matter from all genotypes at 50-100% podding.
Narbon vetch had the highest digestible dry matter yield, 5.82
ton ha"l, followed by 4.01 and 3.82 ton/ha for common vetch and
woolly pod vetch, respectively, at 50-100% podding stage.

Additionaliy, the in vitro digestibility of common vetch
and narbon vetch decreased from 77.7 and 73.9% at immature
stage to 51.4 and 45.5% at mature stage of the previous crops,
respectively (Thomson et al., 1990). 409679

Moreover, Ubied ( 1990 ) reported that digestibility of
leaves was highest with peas and bitter vetch with values

around 75%. Also, digestibility of branches was highest with

peas and bitter vetch with values around 63% in Jubeiha and 52%
in Mrshagar location when harvested at flowering stage. At
maturity stage, digestibility of common vetch leaves dropped to

55.4% in Jubeiha and to 59.3% in M’shagar.
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2.3.1{?& chickling crops:

The digestible dry matter yield of common chickling were

significantly influenced by maturity stage and rainfall

conditions ( Trevino et al., 1984 ). Also, Rihawi et al. (1983)

concluded that digestible dry matter production of common
chickling peaked at 100% flowering stage, whereas digestibility

percent decreased from 74% at 10% flowering to 58% at 100%

podding stage.

in Syrié, Abd ElL Moniem et al. (1990) reported that
digestible dry matter yield of ochrus chickling and common
chickling increased with time. The average digestible dry
matter yield of the two species were 2.43 and 2.78 ton/ha,
respectiveln,when harvested at 50% flowering—50% podding stage.

This yield increased to 4.64 and 4.31 ton ha-l at maturity

stage for the previous- two crops, respectively.
In addition to the previous review, Thomson et al. (1990)
found that in vitro dry matter digestibility of chickling crops

decreased from 78.2% for immature herbage to 47.1% for mature

forage (straw) .

2.3.2. Protein content:
Protein is another important constituent of forage quality.
The British Agricultural Research Council (1965) considered

that all diets for ruminants should contain at least 8.8% crude

protein for adequate activity of rumen micro-organisms. So, it
is preferable for forage production to have optimum forage
yield combined with optimum protein content which is influenced

by the species and cutting or grazing practices.
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2.3.2.1. Vetch crops:

Hadjichristodoulou ({1974) reported that crude protein
content for common vetch were 24.6, 22.0 and 20.1% at the
beginning of flowering, early podding and full podding stade,
respectively. Also, in 1976, he found similar trends of protein
content for common vetch, woolly pod vetch and pea. The average
protein content of the three species were 24.9, 22.3, and 20.6%

at the beginning of flowering, beginning of pod formation and

at full pod formation, respectively.
Moreover, at early flowering stage, the protein content of

common vetch was 25.4% which decreased to 21.9, 21.6 and 19.1%
at full flowerihg, early pod formation and full pod formation,
respectively (Trevino and caballero, 1980).

In 1982, Taylor et al., worked with vetch varieties under
different cutting regimes, reported that vetch varieties
harvested under the multi-cut system were higher for crude
protein percent and yield than varieties harvested under single
cut management system ( 24.5% versus 12.6% ).

Ababneh (1983) found that crude protein content of woolly
pod vetch, bitter vetch and common vetch harvested at flowering
stage were 29.5, 25.7, and 26.8%, respectively. These values
decreased at pod formation stage to 25.9, 22.9 and 23.6% for
the previous crops, respectively. Also, in 19é3, Rihawi et al.
reported a reduction in crude protein of common vetch from
50.47% at 10% flowering to 10.05 at 100% pod formation stage.
Moreover, Trevino et al. (1981) noticed a reduction 1in the
average of crude protein content of bitter vetch from 18.2% at

10% bloom to 15.7% at full pod formation stage.
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In Cyprus, Droushiotis (1985) stated that protein content

declined with advanced maturity of common vetch varieties. The
average reduction in crude protein content between early
flowering and full pod formation was 4.2% units. Crude protein
content reached 22.8, 21.6 and 18.6 for early flowering, early
podding and full pod formation, respectively.
shorat (1987) found that protein content was gsignificantly
decreased by increasing cutting number. In both locations, the
protein content of the three-cut system was greater than those
of single and two-cut systems by 4.4 and 2.3 protein units for
'Jubeiha and by 3.8 and 2.1 for M’shagar location, respectively.
The protein content decreased as the plant aged.In Jubeiha, the
reduction in protein content wa9'6.9,.9.4 and 11.4% protein
units for three, two, and single-cut system, respectively
compared to the first cut of thése systems.
Moreover, 'Thomson et al. (1990) reported that the crude

protein content of immature forage of common vetch and narbon

vetch were 21.3 and 21.8%.

2.3.2.2. Chickling crops:

Rihawi et al. (1983) reported that Pisum sativum, Medicadqo

regidula and Lathyrus sativus maximized protein production at
the 100% flowering stage and thereafter displayed a progress—
jve, and in most cases, Vvery significant reduction towards

maturity. Protein production by Lathyrus gativug at maturity

was only 49% of the protein yield at 100% flowering stage.
Also, a reduction in crude protein of Lathyrus sativus were

significantly influenced by maturity and rainfall conditions
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(Trevino et al., 1984).

Moreover, Abd El Moneim et al. (1990) stated that both

Lathyrus ochrus and Lathyrus sativus attained maximum crude
protein yield at 50-100% podding. At maturity, narbon vetch,
common chickling and common vetch (selection # 2541) had the
highest crude protein yield in 1986/87 and narbon vetch, common
chickling and ochrus chickling in 1987/88. The most of crude
protein yield in ochrus chickling was in the pods.

Finally, Thomson et al. (1990) reported a reduction in

crude protein content of chickling crop from 22.4% at immature

stage to 5.8% at mature stage (straw).

2.3.3. Crude fiber :
Forage quality might be considered, primarily in relation
to the fiber content of the forage. So, it is an important

parameter that should be determined for different forage

species at different cutting systems.

Hadjichristodoulou (1976) stated that the average crude
fiber content of common vetch, woolly pod vetch and peas
increased from 21.0% at the beginning of flowering to 23.3% at
full pod formation stage. |

Also, Ababneh (1983) reported that the average crude fiber
content of bitter vetch, woolly pod vetch and common vetch at
flowering stage Qere 16.3, 20.5, and 20.39%, respectively.
Regarding pod formation stage, the crude fiber content were
19.8, 23.2 and 22.9% of the previous vetch species, respective-
ly. sSimilar trend was stated by Rihawi et al. (1983) that

crude fiber content increased from 20% in young legumes to 40%
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at maturity.

tn 1985, Hadjipanayiotou et al. reported that crude fiber

content (g/kg dry matter) of cyprus vetch, bitter vetch and

common vetch were, for grains; 79, 35 and 52 and for straw;

349, 308, and 351, respectively.

Also, Shorat (1987) pointed out the jinfluence of cutting
frequency on crude fiber content of common vetch. A
significant differences in fiber content was observed between
the three cutting systems in the third cut. In M’shagar,

the fiber content of single—~cut system was higher than those
of two and three-cut system by 4.3 and g.7% fiber units.
Thus fiber content was significantly increased by decreasing
cutting frequency. Also, the crude fiber content was increased
by aging of the plants.

Moreover, in M'shagar location, Ubied (1990) reported that
crude fiber content in leaves of common vetch, woolly pod vetch
and bitter vetch at floweriﬁg stage were 15.6, 19,7 and 17.3%,
respectively. But these values increased to 33.8, 34.2, and

28.4% of branches-of the previous crops, respectively.

2.3.4. Ash content:

There is a lack of reports dealing with ash contents as a

result of defoliation practices.
In Egypt, Ibrahim et al. (1978) found that ash content on
a dry matter basis, ash content decreased with successive cuts.
At ICARDA, Rihawi and Somaroo (1980) stated that young
growth was usually high in ash content. As the plant mature,

the percentage increased from 14.2% at early bloom to 5.1% at
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full maturity stage,

Also, Ababneh (1983) indicated that the average ash
content of common vetch, woolly pod vetch and bitter vetch
decreased from 10.07, 11.52 and B8.02% at flowering stage to
7.98, 8.5 and 6.7% at full pod formation, respectively.

Also, ash content of bitter vetch reduced from 10.0% at 10%
bloom to 8.7% at full pod formation stage. Moreover, Thomson
et al. (1990) reported that ash content of common vetch,
chickling, peas and narbon vetch at immature stage reached
10.0, 8.6, 7.4 and 11.1%, respectively. These values became

10.2, 8.9, 6.3 and 11.1% at maturity stage of the previous

crops, respectively.
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3., MATERIALS AND METHODS

This study was conducted during two successive growing
seasons; 1989/90 and 1990/91 at the Agricultural Research
Station, Ministry of Agriculture at M’shagar. M'shagar Research
Station is located south of Amman with longitude 35°¢,48 Ej
latitude 31*, 34 N and 785 m altitude.

Cclimate in this area is Mediterranean, and rainfall is
usually between October and May. The weather data for both
seasons are shown in tables 1 and 2 (Appendix C). The total
rainfall in both seasons were almost below average for the site
(station) in the period between 1981 and 1990 ( 347.4 ).

Rainfall started 1éte in October, with insignificant
amount, in both seasons but, ther effective rainfall occurred
late in January in 1990/91 compared to early December in 1989/
90 season.

Both years had some frost days with four days more in
1989/90 season than the second season. Moreover, in 1989/90
season, the temperature dropped down to -1°C after several hot
days iﬁ April.

The =o0il at M’shagar characterized by a clayly texture and

pH value around 7.6 (Table 3, Appendix C).

Plant species

Seven annual forage legume species were included for the

purpose of this study (Table 1). These crops included four

species of vetches; common vetch (vicia sativa), woolly pod

vetch (Vicia dasycarpa), bitter vetch ( Vicia ervilia and

narbon vetch (Vicia narbonensis) and three chickling species;
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Table 1. Species and genotypes of seven annual forage legumes
that were included in the experiments during 1989/90

and 1990/91 seasons.

English Scientific Accession Selection

hame name No. No.
Woolly pod vetch Vicia dasycarpa 683 local
Common vetch Vicia sativa 2541 local
Bitter vetch Vicia ervilia 2542 local
Narbon vetch Vicia narbonensis 67 local
Ochrus chickling Lathyrus ochrus 101 185
Dwarf chickling Lathurus cicera 536 ‘ ‘local
Common chickling Lathyrus sativus 347 local
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common chickling (Lathyrus sativus), ochrus chickling (Lathyrus

ochrus ) and dwarf chickling ( Lathyrus cicera ).

Design:

This study was divided into two trials:-

Trial (1): Growth stages trial

This trial involves studying the effect of different
growth stages on yield and quality of the seven forage legume
crops. |

A split-plot design with three replications during 1989/90
season and four replications during 1990/91 season was used for
this part. Each replicate comprises the seven pure stands of
annual forage legumes as the main plots and three cutting
stages as the sub-plot. The cutting was performed at three
growth stages as follows;
1. 10% flowering stage
2. 100% flowering stage
3. Full pod formation stage.

These growth stages were determined by a way of counting
the proportion of flowered and poddéd plants in a distance of

50 cm from the four central rows.
Sub-plot size was 3 x 3 meter, consisting of 12 rows 20 cm

apart. The alleys between main plots were 0.5 meter and 2

meters wide between replications.

Trial (2): Cutting heights trial
This part involves studying the effect of different cutting
heights on regrowth, yield and quality of the seven forage

legume crops.
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A Split—plot design With three'replications during 1989/90
and four replications during 1990/91 season was used. The
plants were cut when the species reached 10% flowering stage,
Three cutting heights were used, there were:

1. 5.0 cm |
2. 7.5 em
3. 10.0 cm

After the first cut, the same quadrate remained until the
recovered plants reached full pod formation, then harvested
at ground level to determine the most ﬁroper stubble height
for plant survival and growth recovery after cutting.

Sub-plot size was 2.5 x 3 meter, consisting of 12 rows, 20

cm apart. The alleys between main plots were 0.5 meter and 2.0

meter wide between replicates,

Land preparation and‘sowing:

In both seasons, the scil was well prepared for the sowing.
Diammonium phosphate was hand broadcasted prior to seeding at a
rate of 100kg/ha.

Planting was carried out on the 6th and 4th of December
for 1989/90 and 1990/91 growing seasons, respectively. Sowing
rates were adjusted according to the recommended seeding rates
in that region. Narbon vetch and ochrus chickling were sown at
the rate of 120 kg/ha while the other four species; woolly
pod vetch, common vetch, bitter vetch, common chickling and
dwarf chickling were sown at the rate of 100 kg/ha. Seeds were
sown by using 6 row planter; 1.5 meter wide.

Chemical weeding by using Fuzilade super against narrow
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leaf weeds, and for hroad leaves, they were hand weeded,

Data collection:

Trial (1):

For each species in the experiment, three harvests were
made at three growth stages. For each stage the following data
were recorded:

1. Growth and development data:

a. Number of days to 10% flowering.

b. Number of days to 100% flowering.

c. Number of days to full pod formation.
2. Forage yield :

Forage yield was estimated by harvesting an area of 1m?
from each sub-plot. The plants were cut at ground level.

Fresh forage yield were measured directly after harvesting
by weighing of forage ofleach guadrate while dry matter yield
were measured after drying the harvested forages in forced
drought oven at 75°C for 48 hours. Dry samples were grinded
and kept for chemical analysis of quality.

3. Plant characteristics:

Fifteen plants were selected randomly from each sub-plot

to determine the following characteristics;

a. Plant height ( cm ); measured at the time of cutting by

using 100 % 005 cm ruler.

b. Number of branches per plant.

c. Dry weight per plant (mg), measured after drying at 75°C
for 48 hours.

d. Leaves/branches ratio; estimated after separating leaves
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from branches of the above ground phytomass and weighing

each after drying.
4. Chemical composition:

The grinded dry samples were kept in plastic bags for the
proximate analyéis as outlined in the official methods of
analysis, Association of Officiél Agricultural Chemists (AOAC,
1970).

a. Crude protein content ;

Crude protein iﬁ the foragé material is determined by
analyzing the herbage to find the proportion of nitrogen in the
dried sample and multiplying the result by 6.25. Nitrogen
determination was done using duplicate samples by Kjeldahl
method.

b. Crude fiber content;

In the original method, crude fiber was regarded as the
residue after boiling successively with dilute sulfuric acid
and sodium hydroxide. For crude fiber determiﬁétion, duplicate
samples of one gram were used.

¢. Digestibility;

In vitro digestibility was carried out according Mcleod

and Minson (1978) using cellulase enzymé.
d. Ash confent;

This fraction includes for the most part the inorganic or

mineral components of forage. It is determined by using

duplicate samples of 2 grams each for total ash content.
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Trial (2):

For each species in this trial, three cutting heights were
used at 10% flowering stage. The same quadrates of the
recovered plants were harvested secondly at full podding and
for each treatment at both harvests, the following data was
taken;

1. Forage yield:

Forage yield was estimated by harvesting an area of 1m?2
from each sub-plot treatment. Dry forage yield was measured
after dryinQ for 48 hours in forced drought oven at 75°'C while
seasonal dry matter yield were measured by summation of Ehe
first and second harvest yield.

2. Plant population densities:

Plant population densities were measured at each cut by a
way of counting the plants in a distance of 25 cm of each row
randomly taken from the four central rows of each plot.

3. Plant characteristics:

Fifteen plants were randomly selected from each sub-plot

at the time of the two harvests to measure;
a. Plant height ( cm ).
b. Number of branches per plant.
c. Dry weight per plant (mg).

4. Chemical composition:

The grinded samples were kept in plastic bags for the
proximate analysis as outlined in AOAC (1970). Total digestible
dry matter, .total crude protein and total ash yield were
calculated by as total dry matter yield x % digestibility,

% crude protein and % ash, respectively. Crude fiber percent
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wore measured at the two harvests as described in the first

trial.

80oil analysis:

Before starting the experiments, soil samples were taken

at the depth of 25 cm for some soil physical and chemical

properties (Table 3, Appendix C).

statistical analysis:
Data were statistically analyzed following the general

linear models procedure (6LM) of SAs for split-plot design.

The treatments mean were compared following the Duncan Multiple

Range Test ( DMRT ), as described by Little and Hills ( 1978 ) -
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4, EXPERIMENTAL REBVLTEG

4.1. Trial (1) : Growth stages trial

This part of the study was carried out to evaluate seven
annual forage legumes (Table 1) as influenced by three cutting
stages for both yield and quality components at M’sahgar during
1989/90 and 1990/91 growing seasons. | '

The results of this part are presented in tables 2 through

10.

4.1.1. Forage jield

Both fresh and dry forage yield of the seven crop species
were determined at the three successive stages; 10% flowering,
100% flowering and full pod formation af location during both
seasons. B

In this part, the dry forage yield results will be
presented. However, fresh forage yleld results will be shown in
table 1 (appendix A).

Differences among genotypes for herbage yield in the first,
second and third growth stages were highly significant (Table
2). At 10% flowering, mean dry forage yield of the seven crop
species ranged from 68.8 kg/du for ochrus chickling to 110.6
kg/du for narbon vetch and from 40.5 kg/du for common chickling
to 109.3 kg/du for dwarf chickling during 1989/90 and 1990/91
seasons, respectively. over the two seasons, narbon vetch
produced the highest dry forage yield, 13% more than the second
yielded crop, dwarf chickling, and 73.9% more than the lowest
ones, common chickling and bitter vetch.

At 100% flowering, narbon vetch still attained the highest
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Table 2. Dry forage yield (kg/du) for seven forage legume crops harvested at

three growth stages at M'shagar during 1989/90 and 1990/91 seasons.

1989/90 1990/91
CGrop .
10F 100F FPF 10F 100F FPF

Woolly pod vetch 71.4 a 229.9 b 344.4 b 83.3 abc 146.0bc 171.8 C
Common vetch 62.8 a 236.7 b 276.1d 57.5 bod 137.5 bc 285.8 a
Bitter vetch 70.8 a 222.7b 283.4cd 47.3 cd° 132.5 bc 199.5 cC
Narbon vetch 110.6 a 351.7 a 438.1a 95.3 ab 193.3 a 240.5 b
ochrus chickling 68.8 a 129.1 ¢ 237.1d 72.0 abcd 155.8 abc 270.3 ab
Dwarf chickling 72.9 a 206.7 b 341.1 bc 109.3 a 172.3 ab  255.0 ab
Common chickling 77.9 a 229.8 b 307.4 bc 40.5d 115.0 ¢ 185.5 ¢

49.8* 30.2**

1SD (0.05)

Means within a column followed by the same letter do not differ significantly

at the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* 15D value to compare between 10F, 100F and FPF for the same crop in 1989/90.

**15D value to compare between 10F,

10F = 10% flowering stage.
100F = 100% flowering stage.

FPF = full pod formation stage.

du = dunum (0.1 Ha)

100F and FPF for the same crop in 1990/91.
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dry forage yield with mean values of 351.7 and 193.3 kg/du for

both growing seasons, respectively. Next to narbon vetch were
ranked, dwarf chickling, woolly pod vetch, common vetch, bitter
vetch, common chickling and ochrus chickling with mean values
of 206.7, 172.37; 229.9, 146 236.7, 137.5; 222.7, 132.5; 229.8,
115; and 129.1, 155.8 kg/du during 1989/90 and 1990/91 seasons
for the mentioned crops in the respective order.

At the final harvest, full pod formation stage, the dry
forage yield of narbon vetch (438.1 kg/du) was significantly
preceded the values of the other crop species in 1989/90, while
common vetch attained the maximum dry matter yield, 285.8
kg/du, in 1990/91. Also, there were no significant differences
" petween common vetch, ochrus chickling and dwarf chickling
yield at full pod formation in 1990/91 season.

Concerning the férage yield at the three growth stages, one
. can predict that the dry matter yield increased by aging the
 plants of the seven species (Figure 1)., The dry matter yield
increases between 10% flowering and 100% flowering ranged from
102% for ochrus chickling to 201% for bitter vetch. But this
increase in drf matter yield between 100% flowering and full
pod formation was reduced to 25% for narbon vetch and the
maximum increase was 78% for dwarf chickling.

It is worth mentioning that the results obtained revealed
a general superiority of the maximum dry forage yield in 1989/
90 to 1990/91 season (Figuré 1) except for ochrus chickling and

common vetch.
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4.1.2. Plant characteristics:

This part includes the study of the following traits on
individual plant basis (15 plants average): plant weight (mg),
plant height (cm), number of branches per plant and leaves/

branches ratio.

4.1.2.1. Plant weight:

A considerable variation among entries during 1989/90 and
1990/91 growing seasons was observed (Table 3). At 10% floﬁer—
ing and 100% flowering stages, narbon vetch has the highest dry
plant weight wiéh mean values of 1644.3, 31547 and 1061.3,
2480.3 mg in 1989/90 and 1990/91 seasons, respectively.
Moreover, ochrus chickling ranked the seéond and common vetch
was the last.

At the final stage, full pod formation, narbon vetch still
has a higher plant weight 4387 mg followed by ochrus chickling
which has 41.5% lower dry plant weight and the lowest "was
bitter vetch (1395 mg) in 1989/90 season. In 1990/91 seaéon,
ochrus chickling and narbon vetch has the highest dry plant
weights 3106.5 and 3063 mg, respectively while woolly pod vetch
was the lowest (217.3 mg).

Statistical analysis indicated that dry plant weight was
significantly increased with proceeding plant growth and the
highest weight was obtained at full pod formation. The increase
in dry plant weight ranged from 60.3% for ochrus chickling to
133.8% for bitter vetch and from 21.3% for dwarf chickling to
82.7% for common vetch from 10% flowering-fo 100% flowering and

from 100% flowering to full pod formation, respectively.
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Table 3. Means of dry weight per plant (mg) for seven forage legume crops studied

at three growth stages at Mrshagar during 1989/90 and 1990/91 seasons.

1989/90 1990/91
Crop = meemmmmeemmmmmmmmmio e aecmmmmaaaooo-
10F 100F FbF 10F 100F FPF
Woolly pod vetch 530.7 ¢ 1308.3d 1747.0d 575.5cd 810.3d 917.3 e
Common vetch 537.3 ¢ 854.3 e 1583.0d 294.8 ¢ 741.8 d 1332.5 cd
Bitter vetch © 600.3 ¢ 1115.3d 1395.0 e 247.8.2 867.5d 1185.5d
Narbon vetch 1644.3 a 3154.7 a 4387.0 a 1061.3 a 2480.3 a 3063.0 a
Ochrus chickling 1161.0 b 1674.0 ¢ 2566.3 b 922.0 ab 1666.0 b 3106.5 a
Dwarf chickling 783.7 ¢ 1922.7 b 2303.7 ¢ 749.5 bc 1237.8 ¢ 1758.8 b
Common chickling 783.0 ¢ 1557.3 ¢ 2707.7 b 467.0 de 1219.0 ¢ 1530.8 bc
LSD (0.05) 224.2" 230.1™"

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LSD value to compare beiween 10F, 100F and FPF for the same crop in 1990/91.
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Also, we can predict a higher plant weight for all species

except for ochrus chickling at full pod formation in 1989/90

compared to 1990/91 season.

4.1.2.2. Plant height:

It should be mentioned that plant height was measured by
stretchig the plant to its maximum length which does't indicate
the canopy height of the plants under field condition, which
could be less than that already measured.

Narbon vetch plants were significantly taller than those
of all other species (Table 4) at 10% flowering, 100% flowering
and full ped formation with mean values of 28.5, 46.1 and 50.92
cm in 1989/90 season, respectively. 1In 1990/91 season, woolly
pod vetch and ochrus chickling have the tallest plants ranging
from 22.98 cm at 10 % flowering to 34.85 em at  full pod
formation. oOn the other hand, bitter vetch plants were
gignificantly shorter than any of the other crop entries at the
three cutting stages.

There are a significant increase in plant height as the
plant aged from 10% flowering to 100% flowering stage for both
seasons. Also, a significan£ increase can be predicted between
100% flowering and full pod formation stages except for bitter
vetch and dwarf chickling in both seasons and_ common vetch and
common chickliné only in 1989/90 season.

When mean of the species for the two years was considered,
we can predict shorter ‘plants in 1990/91 season compared to

those in 1989/90 season.
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Table 4. Means of plant height (cm) for seven forage legume crops studied at

three groth stages at M'shagar during 1989/90 and 1990/91 seasons.

Woolly pod vetch 25.20 ab 37.59 b 46.43 b 22.98a 31.18a 34.85a

Common. vetch 22.19 bc 31.69 ¢ 34.57 ¢d 16.83 b 22.28b 24.43 b
Bitter vetch 17.50 4 25.21d 27.88e 13.80c¢ 20.30 bc 21.20 ¢
Narbon vetch 28.50 a 46.10a 50.92 a 23.10a 32.10a 34.15 a

Ochrus chickling 20.04 ¢d 31.64 c 36.30 c 24.13 a 32.40a 34.00 a
Dwarf chickling 16.84 d 26.44d 30.18de 17.55b 22.93b 24,63 Db
Common chickling 17.48 d 29.58 ¢d 31.42 de 15.53 bc 19.13 ¢ 21.23 ¢

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LsD value to compare between 10F, 100F and FPF for the same crop in 1990/91.
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4.1.2.3. Number of branches:

Number of branches per plant was ranged from 2.13 for
ochrus chickling to 7.99 for common chickling in 1989/90 and
from 1.97 for ochrus chickiing to 8.32 for dwarf chickling in
1990/91 season ( Table 5 ).

From these results we can observe that common chickling and
dwarf chickling have a significantly higher number of branches
than those of other species while Ochrus chickling has the
lowest number at the three growth stages for both seasons.

In 1989/90 season, no significant differences were observed
between 10% flowering and full pod formation stage, while in
1990/91 season, Number of branches at full pod formation stage
was significantly higher than those of 10% flowering and 100%

flowering in the respective order.

4.1.2.4. Leaves / branches ratio :

In forage crops, it is useful to calculate the ratio of
leaves to branches, which give a preliminary indication a bout
the forage quality.

The results in table 6 showed that there is a significant
decline in leaves/branches ratio from early flowering to full
podding time. The ratio dropped down sharply at full pod
formation for ochrus chickling, woolly pod vetch, bitter vetch
and common chickling while common vetch and narbon vetch did
not.

In both seasons, ochrus chickling maintained the highest
ratio at the three cutting stages ranging from 3.8 at 10%

flowering to 0.93 at full pod formation and from 2.81 at 10%
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Table 5. Means of number of branches per plant for seven forage legume crops
studied at three growth stages at M'shagar during 1989/90 and 1990/91

seasons.

woolly pod vetch 1.85d 2.48 ¢
Common vetch 2
Bitter vetch 3
Narbon vetch 2.20cd 2.3% ¢ 2.53 ¢ 2.34 f
Ochrus chickling 2.13 cd 2.44 c 2.67 c 1.97 g
Dwarf chickling 6

6

Common chickling

Means withiﬁ a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LsD value to compare between 10F, 100F and FPF for the same crop in 1990/91.
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Tab1e 6. Leaves/branches (dry weight) ratio for seven forage legume crops stuaied
at three growth stages at M shagar during 1989/90 and 1990/91 seasons.

@ et e e e e o T AR AR M e e E e = e e o W — M M W T A e e e e e A MmO M m e m m — h Mmoo e === =

Woolly pod vetch 2.47 b 2.05 b 1.06 b b

Common vetch 1.86 ¢ 1.83 bc 1.10 b 1.56 d 1.47 ¢ 1.04 bc
Bitter vetch 2.46 b  1.88 bc  1.09 b b

Narbon vetch - 1.45 d 1.25 d 0.93 b d

Ochrus chickling 3.80 a 3.11 a 1.86 a 2.81 a 2.46 a 1.85 a
Dwarf chickling 2.34 b 1.99 b 1.14 b 1.81 bc 1.62 b 1.15 b

Common chickling 2.31 b 1.61 ¢ 0,97 b -1.75¢ 1.41 ¢cd  0.91 cd

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LsD value to compare between 10F, 100F and FPF for the same crop in 1990/91.
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flowering to 1.85 at full pod formation during 1989/20 and
1990/91 seasons, respectively. Moreover, narbon vetch gave the
lowest value in both seasons. Also, we can see that dwarf
chickling, woolly pod vetch and bitter vetch ranked next to

ochrus chickling in both seasons.

4.1.3. Forage quality:

The study of forage quality for the different forage crops
at three cutting stages includes the determination of
digestibility, crude protein, c¢rude fiber and ash content.
These parameters will give more ihformation of the comparative
advantage of these crops, when they are used as feed at

different stages of growth.

4.1.3.1. Digestibility:

Data in table 7 showed that there were no significant
differences between all crop species at 10% flowering and 100%
flowering stages in 1989/90 season. However, bitter vetch
ranked the highest with 69.56 and 65.84% at the two stages,
respectively while narbon vetch was the lowest. At full pod
formation, there were no greater differences between the seven
species. However, bitter vetch. and narbon vetch still ranked
the highest and £he lowest, respectively.

In 1990/91 season, digestibility of forage crops ranged

from 71.23% for common vetch to 66.3% for narbon vetch at 10%
flowering. However, no significant differences were observed
between common vetch, common chickling, woolly pod vetch and
dwarf chickling. At 100% flowering, digestibility of forage

crops did not differ greatly, even though narbon and bitter
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Table 7. Digestibility (%) of seven forage legume crops measured at three growth

stages at Mrshagar during 1989/90 and 1990/91 seasons.

e o e we o ki Ak = = T M e e = e e e o m m e m e — o T M ML e e RS S s S =S = SRS

Woolly pod vetch 66.85a 61.94 a 57.46 ab 70.28 ab 65.58 a 60.38 ¢

Cmmon vetch '67.98 a 63.53 a 59.8 ab 71.23 a 66.38a 62.15D
Bitter vetch | 69.56 a 65.84a 62.26 a 68.63c 63.20b 61.68 bc
Narbon vetch 66.32 a 61.87 a 56.38 b 66.33 d 62.58 b 58.28 d

Ochrus chickling 68.16 a 62.25 a 58.03 ab 69.18 bc 65.35 a 61.35 bc
Dwarf chickling 67.50 a 64.40 a 58.57 ab 69.80 abc 66.25 a 63.73 a
Common chickling 68.59 a 63.69 a 57.47 ab 70.38 ab 65.83 a 61.18 bc

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LsD value to compare between 10F, 100F and FPF for the same crop in 1990/91.
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vetch were slightly lower. The values ranged from 66.38% for

common vetch to 62.58% for narbon vetch. At full pod forma?ion
stage dwarf chickling maintained a higher digestibility, 63.73%,
compared to the others, whereas narbon vetch was the lowest.

A significant decrease in digestibility of the " seven
species was obtained by incréasing the age of plants from 10%
flowering to full pbd formation .in both seasons ( Figure 2 ).
The average reduction ranged from 11.12 units for common
chickling to 7.3 units for bitter vetch in 1989/90 season and
from 10.2 units for woolly pod vetch to 6.07 units for dwarf

chickling in 1990/91 season.

4.1.3.2. Crude protein content :

Although protein content of dwarf chickling was higher than
those of all other species at all cutting stages in both
seasons, there were no significant differences between all
species at full pod formation stage in 1989/90 ( Table 8 ). 1In
both seasons, crude protein content of dwarf chickling reached
27.54 and 28.63% in the first and second seasons, respectivgly.
Oon the other hand, bitter vetch and narbon vetch were the
lowest at the first two stages, whereas narbon vetch were the
lowest at full pod formation in both seasons.

Moreover, a decrease in protein content could be predicted
by increasing the plaﬁts age (Figure 3). Even though there were
no significant differences between 10% flowering and 100%
flowering for dwarf chickling, ochrus chickling, bitter vetch
" and common vetch in 1989/90 season. There were more predictable

differences between the two stages in 1990/91 season and a
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Table 8. Crude protein content (%) of seven forage Tegume crops  measured at
three growth stages at M’shagar during 1989/90 and 1990/91 seasons.

Woolly pod vetch 24.12 ab 20.20 b 14.29 2 25.35 bc 21.53 b 17.7%5 ¢

Common vetc 20.83 b 17.78b 17.13 a 24.28 cd 18.65¢c 17.65 ¢
Bitter vetch 19.56 b 18.43 b 15.77 a 22.78 ef 21.68 b 18.58 bc
Narbon vetch 23.33 ab 18.66 b 13.84 a 22.20 f 17.60 ¢ 14,30 d

Ochrus chickling 23.56 ab 22.10 ab 16.86 a 23.93 de 21.33 b 17.45 ¢
Dwarf chickling 27.54 a 25.89a 17.24a 28.63 a 23.48 a 20.63 a
Common chickling 25.51 a 21.46b 17.72a 26.40b 22.53 ab 19.63 ab

Means within a column followed by the same letter do not‘differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT) .

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LsD value to compare between 10F, 100F and FPF -for the same crop in 1990/91.
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significant interaction between different crop species and

cutting stages was predicted also.

4.1.3.3. crude fiber content:

Narbon vetch was observed to have the highest crude fiber
content at all stages and in both seasons (Table 9). The
average values ranged from 20.1% at 10% flowering to 26.67% at
full pod formation and from 21.05% at 16% flowefing to 28.08%
at full pod formation in 1989/90 and 1990/91 seasons, respecti-
vely. Moreover, woolly pod vetch was proved to be the lowest
compared to all other crops at all cutting stéges in both
seasons. No significant differences were observed between
chickling species in both seasons. Hoﬁever; dwarf chickling

has lower fiber content than the other two species in 1990/91

season.

The statistical analysis indicates a significant differen-
ces between cutting stages. crude fiber content was increased
by increasing plant age ( Figure 4 ). The highest value was
obtained at full pod formation stage where the increase in
crude fiber content was 6.53 and 7.03 units more than 10%
flowering for narbon vetch during 1989/90 and 1990/91 season,
respectively. Moreover, the data obtained showed a significant

interaction between species and cutting stage in 1989/90 season.

4.1.3.4. Ash content:

Table 10 showed that both narbon vetch and ochrus chickling

All Rights Reserved - Library of Univ
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Table 9. Crude Fiber content (%) of seven forage legume crops measured at three

growth stages at M'shagar during 1989/90 and 1990/91 seasons.

Woolly pod vetch 15.77 ¢ 17.68d 21.71 ¢ 17.28d 19.23 e 23.384d

Common vetch 17.22 bc 19.80 ¢ 23.47b 17.53d 21.63d 24.33 ¢
“Bitter vetch 18.92 ab 22.37 ab 24.93 b ‘19 i b 23.15 b 25.55 b
Narbon vetch 20.10 a 23.47 a  26.67 a 21.05 a 24.68 a 28.08 a

Ochrus chickling 18.08 b 21.09 bc 24.33 b
Dwarf chickling  18.09 b 22.40 ab 24.06 b 17.80 c¢d 21.40 d ~ 23.53 d
| b 18.25c¢ 22.43 ¢ 23.85 cd

17.80 cd 22.58 bc 24.45 c )

Common chickling 17.27 bc 21.75 ab 23.83

---------------------------------------------------------------------------------

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1989/90.
**LsD value to compare between 10F, 100F and FPF for the same crop in 1990/91.
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contenf.

At full podding, no significant differences were obtained

between narbon vetch, common vetch, woolly pod vetch and ochrus
chickling. However, common vetch gave the highest ash content;
10.04 and 9.86% in 1989/90 and 1990/91 seasons, respectively.

Data of the two seasons indicated that there was a

consistent trend for the ash content to decrease at the full

pod formation stage as compared to that at 100% flowering which

is also lower than 10% flowering stage content (Figure 5). The

highest reduction occurred in both

chickling from 14.86 and 13.27% at 10% flowering to 9.08 and

9.91% at full pod formation and from 12.41 and 12.42% at 10%

flowering to 6.9 and 7.36 at full pod formation in 1989/90 and

1990/91 seasons, respectively (Table 10).

narbon vetch and common
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Table 10. Ash content (%) of seven forage legume crops measured at three growth

stages at .M shagar during 1989/90 and 1990/91 seasons.

-__-..__..---..-___-__-__-__.-_--__-_..--...-___...-__.._______--__-__--__..__-..-—-_-__..-__-—

Woolly pod vetch
Common vetch
Bitter vetch
Narbon vetch
Ochrus chickling
Dwarf chickling

Common chickling

1989/90
100F FPF

b 12.31 a 9.82
b 11.17 abc 10.04
b 9.76 cd 7.85
a 9.22 d 9.08
b 11.64 ab 10.08
b 10.48 bcd 8.05
b 11.18 abc 6.90

FPF
abc 9.34 ab
a 9,86 a
C 7.64 ¢
bc 9.91 a
ab 9.83 ab
¢ 8.43 be
ab 7.36 ¢

0.05""

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between 10F, 100F and FPF for the same crop in 1985/90.

**LsD value to compare between 10F, 100F and FPF for the same crop in 1990/91.
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4.2. Trial (2): cutting heights trial

This part of the study was conducted to evaluate t.

influence of three cutting heights conducted at 10% flowering

stage on crop regrowth, yield and qualiﬁy of seven crop species:

grown at M’shagar during 1989/90 and 1990/91 seasons.

4.2.1. TForage yield :

Both fresh and dry forage yield of the seven crop species
was determined at the first and second harvests for each
cutting heighﬁ treatment during both seasons. In this part, the
dry forage yield results will be presented. Fresh forage

yield results are shown in table 2 (Appendix A}.

4.2.1.1. Dry forage yield:

Significant differences in dry matter yield between thé
seven crop species were detected in the first and second
harvests (Table 11) .

In the first harvest, at 10% flowering stage, narbon vetch
was superior to all other species at all cutting heights,
However, a higher dry matter vyields were obtained when the
plants were cut 5.0 cm above ground level compared to 7.5 and
10 cm.

Although, bitter vetch, narbon vetch and ochrus chickling
did not regrow after cutting in 1989/90 season, they resume
growth after the first harvest in 19920/91 season (Table 11).
Dwarf chickling regrow after cutting at 10% flowering and gave
the highest dry matter yield at the second harvest in 1989/90
while common vetch gave the highest quantities in 1990/91 -

sSeason.
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Table 11. Effect of three cutting heights on dry forage yield (kg/du) taken
at two harvests of seven forage legume crops at Mo shagar during

1989790 and 1990/91 seasons.

1-st harvest:

Woolly pod vetch 65.3 b 57.9b '50.1Db 54.3 b 50.8 a 46.0 a
Common vetch 61.9 b 55.7 b 47.7 b 33.8 c 29.0 b 24.3 b
Bitter vetch 61.9 b 52.9 b 43.9 b 31.0 ¢ 23.3bc  21.0D
Narbon vetch 118.5 a 104.5 a 96.2 a 65.0 ab 56.5 a 48.0 a
Ochrus chickling 61.5b 5.9 b 45.8 b 61.0 ab 53.0 a 46.0 a
Dwarf chickling 64.7 b 55.3 b 40.2 b 72.5 a 55.5 a 37.8 a
Common chickling 74.4b 61.4b 52.0b  26.8 ¢ . 13.0c 11.3b

LSD (0.05) 6.3" 6.2

2-nd harvest:

Woolly pod vetch 32.4 b 53.6 b 60.1 ¢ 47.5 ¢ 55.0 d 73.5d

Common vetch 28.6b 44.9b 88.2b 117.0a 161.3a 178.5a

Bitter vetch - -—-- ---- 61.3 bc  98.0 bc 122.5 ¢

Narbon vetch  ---- - — g3.5b 97.3 bc 115.8 ¢

Ochrus chickling ---- - == 66.3bc 76.0cd 88.3d

pwarf chickling 64.0 a 99.8 a 121.6 a 71.0 bc 100.0 bc 146.0 b

Common chickling 34.0b 59.3 b 73.8bc 80.5b 111.3 b 161.0 ab
LSD (0.05) 11.6" ‘ 19.5™"

Means within a column followed by ihe same letter do not differ significantly

at the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between HI, HZ, and H3 for the same crop in 1989/90.
"~ **sp value to compare between HI, H2, and H3 for the same crop in 1990/91.
H1=5.0 cm , H2= 7.5 cm and H3= 10.0 cm cutting heights.
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Meo, it can be predicted that the dry matter yield of the
second harvest for plants harvested firstly at 5.0 cm above
ground level was significantly lower than those harvested at

7.5 and 10.0 cm, respectively, in 1989/90 season. Even though,

no significant differences between 5.0 and 10.0 cm cutting

treatments for woelly pod vetch, common vetch, narbon vetch and

ochrus chickling were observed inl1990/91 season.

4.2.1.2. B8Seasonal forage yield:

The totai dry matter yield of dwarf chickling and common
vetch was significantly higher than those of other forage crops
in both seasons. It was 90.5 and 128.7 kg/du in 1989%/90 and
202.8 and 182.8 kg/du in 1990/91 for common vetch and dwarf
chickling, respectively. Bitter vetch and ochrus chickling
.produced the lowest seasonal forage yield in both seasons and
woolly pod- vetch in 1990/91 season only (Table 12). |

Except for bitter'vetch, narbon vetch and ochrus chickling
in 1989/90, there was a trend to increase seasonal forage yield
as the cutting height in the first harvest increased from 5.0
to 10.0 cm ( Figure 6 ). However, no significant differences
were observed for seasonal forage yield for most of the crops
between 5.0 and 7.5 cm and between 7.5 and 10.0 cm treatments.
The average seasonal yields were 95.3, 100.0 and 103.8 kg/du in

1989/90 and 124.5, 140.2 and 160.8 kg/du in 1990/91 for 5.0,

7.5, and 10.0 cm cutting height treatments, respectively.

-

Moreover, interaction between cutting height and crop species

was observed in both seasons.
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Table 12. Seasonal dry forage yield (kg/du) of seven forage legume crops as

influenced by threa cutting heights at Mrehagar during 1089/40 and

1990/91 seasons.

---------------------------------------------------------------------------------

1989/90 1990/91
Crop = wmmm-emesm---ece----s- mmooecoocoos-esseoooeess
H1 H2 H3 H1 H2 H3

Woolly pod vetch 97.7 ab 111.5b 110.2 bc 101.8 c 105.8 ¢ 119.5d
Common vetch 90.5 bc 100.6 b 136.0 b 150.8 a 190.3 a 202.8 a
Bitter vetch 61.9 c 52.9 ¢ 43.9d 92.3 ¢ 121.3 bc 143.5 bcd
Narbon vetch 118.5 ab  104.5 b 96.2 ¢ 148.5 a 153.8 b 170.5 abc
Ochrus chickling 61.5 ¢ 54.9 ¢ 45.8.d 127.3 abc 1?9.0 bc 134.3 cd
Dwarf chickling 128.7 a 155.1 a 168.7 a 143.5 ab 157.0 ab 182.8 a
Common chickling 108.4 ab 120.7 b 125.8 bc 107.3 bc 124.3 bec 172.3 ab
LSD (0.05) 10.8" 22.9™"

Means within a column followed by the same letter do not differ significantly at
the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between H1, N2, and H3 for the same crop in 1989/90.
**LsD value to compare between H1, HZ, and H3 for the same crop in 1990/91.
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4.2,2. Population densities:

A siqnlflcant differences in population dens1tles were
observed between the dlfferent species in the first and second
cuts. Woolly pod vetch was higher in plant density than all
other species while ﬁarbon vetch was the lowest (Tables 13 and
14).

Although, no significant differences were fdund in 1989/90
season between number of regrowing plants harvested firstly
at 5.0, 7.5, and 10.0 cm treatments, more predictable differen-‘
ces were observed in the second season (Table 15). However,
under all cutting treatments, number of regrowing plants were
higher when a stubble of 10.0 cm height was left after the
first cut. It can be noticed that fhere is a considerable decl-
ine in plant densities between the first and second harvest

in 1989/90 season. <
4.2.3. Plant characteristics:

-4.2.3.1., Plant weight:

In the first harvest, narbon vetch produced the highest‘
dry plant weight compared to the bther species in both seasons
(Tables 13 and 14). Woolly péd vetch and common vetch produced
significantly lowest plant weight in 1989/90 while in 1990/91,
common vetch and bitter vetch produced lowest.

In the second harvest (Table 16), dwarfl chickling and
common chickling produced highest plant weight in 1989/90 while
woolly pod vetch produced 19wast'in both seasons.

Moreover, dry plant weight increased as the cutting heights

above ground level increased from 5.0 to 10.0 cm in the first
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harvest. However, no significant differences were observed

betweeh 5.0 and 7.5 cm treatments on plant weight of common
chickling, dwarf chickliﬁg, ochrus chickling, common vetch
and woolly pod vetch and between 7.5 and 10.0 ¢m treatments on
plant weight of woolly pod vetch, common vetch and dwarf

chickling (Table 16).

4.2.3.2. Plant height:

Narbon vetch was significantly taller than all other
species in 1989/90 (Table 13). However, in 1990/91, woolly pod
vetch, narbon vetch and ochrus chickling wefe significantly
taller than other species in the first harvest (Table 14). On
the other hand, bitter vetch was the shortest among other crop
entries. '

In the second harvest (Table 17), plants harvested firstly
10.0 cm above ground level were significantly taller than those
cut at 7.5 and 5.0 cm above ground level in both seasons. In
1989/90, no greater differences were observed between the
different species while in 1990/91 season; common vetch, woolly
ped vetch and narbon vetch were taller than others under all

cutting treatments.

4.2.3.3. Number of branches:

Number of branches of dwarf and common chickling plants

were significantly higher than all others followed by bitter
vetch in both seasons (Tables 13, 14 ). The lowest number of
.branches were observed in woolly pod vetch and ochrus chickling
plants at the time of first cut. |

Under all cutting heights, dwarf and common chickling has
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Table 13. Means of plant height (cm), dry plant weight (mg},

number of branches per plant and plants density of

seven forage legume Crops measured at the time of first

harvest at M’shagar during 1989/90 season.

-—...-——_-————p———_————.————-————.—-——_.-.——._—4-—-—..-—-—_——_—————..-———..——————

Plant Plant " Number Plants
Crop height weight of | density

(cm) (mg) branches plant;/m2
Woolly pod vetch 25.11 b 533.9d  1.85 e 255.8 a
Common vetch . 22.91 bc 543.1 d 2.81 c 230.8 b
Bitter vetch 17.69 d  603.0 cd 3.44 b 213.0 ¢
Narbon vetch 28.52 a 1641.8 a 2.21 d 102.5 £

ochrus chickling 20.84 ¢ 1143.6 b 2.16 de 141.2 d
Dwarf chickling 16.81 d 778.1 ¢ 6.18 a 127.8 e

Common chickling 17.52 d 778.2 C 6.10 a 137.8 d

-——_————_._._—_.-.————-_--._.—_—_-..—_-.__.—_-._——_.——-———.—.-——-_.———.———__—-———_.—_

Means within a column followed by the same letter do not differ
significantly at the 5% level of probability according to Duncan

Multiple Range Test (DMRT).
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Table 14.

HTed

Means of',plant height (cm), dry plant weight (mg),

number of branches per plant and plants density of

seven forage legume crops measured at the time of first

harvest at M’shagar during 1990/91 season.

— — e A Ah LS S . . — - T T e Al St — S S W (N S S M . S Gt St D S e S ———

Crop

Number

of

branches

Plants

density

plant/m2

—— . — — f—— . T — ——— — s e T — T —— Y W Ty o o ok it S S W . o —— T W S e i S ML S S e ek S

Woolly
Common
Bitter
Narbon

Ochrus

pod vetch
vetch
vetch -
vetch

chickling

bDwarf chickling

Common

chickling

13.70

23.08

22.52

17.58

15.67

575.0

296.3

256.5

1031.5

904.0

715.3

445.9

cd

e

e

a

ab

bec

de

206.9
100.0
131.9
122.0

129.3

— —————— " T 4B LS SAS AEE SN SN S e e ———— . e M T — - S S T Ty e — e S . S — ——— -

Means

within a column followed by the same letter do not differ

-significantly at the 5% level of probability according to Duncan

Multiple Range Test (DMRT).
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Table 15. Number of regrowing plants per square meter of seven forage lequme crops
as influenced by three cutting heights, measured at the time of second

harvest at M’shagar during 1989/90 and 1990/91 seasons.

1989/90 1990/91

H1 H2 H3 H1 - H2. H3

Woolly pod vetch 137.8a 153.3a 191.0a 241.5a 245.3 a 248.0 a

Commen vetch 69.1b 127.6a 131.0b 221.3b 223.0b 225.0b
Bitter vetch . ———— ‘ 203.5 ¢ 205.5 C 206.8 C
Narbon vetch —_— | 95.8 £ 97.8 £ 100.3 £
Ochrus chickling — 126.3d 127.8d 129.3 4

Dwarf chickling ~ 80.8 bc 83.4b  96.4 bc 117.5e 119.3 e 120.0 e
Common chickling 52.9 ¢ 60.7 C 86.7 ¢ 125.0 de 127.3 4 129.5d
ISD (0.05) ' 36.8% 1.3**

Means within a colum followed by the same letter do not differ significantly at
the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* 1SD value to compare between H1l, H2, and H3 for the same crop in 1989/90.
**1SD value to compare between Hl, H2, and H3 for the same crop in 1990/91.
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Table 16. Means of dry weight per plant of seven forage legume <crops as

influenced by three cutting heights measured, at the time of second

harvest at M»shagar during 1989/90 and 1990/91 seasons.

1989/90 1990/91
Crop  meememsessesssosssseoo o mmmmmmmommmmmmmmmmmens
K1 2 H3 H1 H2 H3
Woolly pod vetch 159.3 b 386.3 ¢ 400.3 ¢ 278.5 c 373.8 ¢ 454.8 d
Common vetch 223.3 b 461.3c¢c 675.7b 786.5 ab 984.0b 1173.0 c
Bitter vetch -----  ----- -7 =- - 589.0 b 804.5 b 1055.3 ¢
Narbon vetch  ----- -~ - meee 927.5 a 1268.0 a 1870.5 a
Ochrus chickling ----- - ----- 778.5 ab 977.0 b  1450.0 b
Dwarf chickling  789.0 a 961.7 a 1231.3 a 648.3 b 821.5 b .971 5 ¢
Common chickling 632.7 a 721.7b 1215.0a 743.8.ab 942.8b 1183.8 ¢
LSD (0.05) 135.0™" 207.6™"

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT) .

* LSD value to compare between HI, HZ, and H3 for the same crop in 1989/90.
**sD value to compare between H1, HZ2, and H3 for the same crop in 1990/91.
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Table 17. Means of plant height (cm) of seven forage legume crops as influenced

by throe cutting heights, measured at the time of second harvest at
M’shagar during 1989/90 and 1990/91 seasons.

Woolly pod vetch 16.0 a 17.0 a 17.5 b 20.0 a 21.5 a 25.1 a
Common vetch 17.4 a 18.5 a 18.9 ab 18.5 ab 20.3 a 22.1 ab
Bitter vetch ---- -—-- ---- 15.2 bc  18.1 ab  19.8 bc
Narbon vetch “--- ---- ---- 17.8 abc 20.2 a 22.2 ab
Ochrus chickling ---- - ---- 15.7 bc  16.5 b 19.9 be
Dwarf chickling 16.8 a 18.7 a 21.1 a 14.7 ¢ 16.4 b 18.5 ¢
Common chickling 17.9 a 21.4 a 21.6 a 17.6 abc 18.7 ab  21.5 bc
LSD (0.05) 0.9 1.7%*

e e e i e = = = M A e e e e e R M o e o o B e e m Mmoo S === === e

Means within a column followed by the same Tetter do not differ significantly at

the 5% level of probability accerding to Duncan Multiple Range Test (DMRT).

* LSD value to compare between H1, H2, and H3 for the same crop in 1989/90.
**LsD value to compare between H1, H2, and H3 for the same crop in 1990/91.
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Table 18, Means of number of branches per plant of seven forage legume crops as

iﬂf]UOﬂCEd by three cutting helghts, measured at the time of second
harvest at M’shagar during 1989/90 and 1990/91 seasons.

Woolly pod vetch 2.02 b 2.13 b 2.31 b

2.23¢ed 2.48 c 2.85 cd
Common vetch 2.22 b 2.36 b 2.40 b 2.73 bc 03 bc 3.68 bc
Bitter vetch -—-- -—--- _——— 3.66'b 78 b 4.20 b

Narbon vetch me-- - c——- 1.67 b
Ochrus chickling ---- c--- ——--

3
Dwarf chickling 4.23 a 4.46 a 4.16 a 4.73 a
5

25 a 7.03 a
Common chickling 4.06 a 4.15 a 4.6] a .13 a 13 a 7.15 a
LSD (0.05) 0.13" - 0.39™

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between H1, H2, and H3 for the same crop in 1989/90.
**LsD value to compare between HI1, H2, and H3 for the same crop in 1990/9].
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a higher number of branches than other species while common
vetch, bitter vetch and ochrus chickling ranked secondly (Table
18). In both seasons, no significant differences were observed
between plants of woolly pod,. common and bitter vetch gut

at 5.0 and 7.5 cm above ground level.

4.2.4. Forage qualify:
The results of this part will be presented as total diges-
‘tible dry matter yield, total crude protein yield, total ash

&

yield, and crude fiber content for both seasons. The measureme-
nts of these ﬁarameters in term of percentage will be shown in

tables 3, 4 and 5 (Appendix A).

4.2.4.1. Total digestible dry matter yield:

No significant differences were detedted between the three
cutting height treatments in 1989/90 season. However, the total
digestible dry matter yield at 7.5 cm treatment were less or
slightly higher than that at 10.0 cm tréatment (Figure 7). The
average total digestible dry matter yield were 63.37, 68.41 and
67.51 kg/du for H1l, H2, and H3, respectively (Table 19). More-
over, in 1990/91 season, the highest total digestible dry
matter yield were obtained at H3 which were 12 and 24% higher
than H2 and Hl, respectively.

In 1990/91 season, dwarf chickling produced the highest
total digestible dry matter among all.other genotypes ranging
from 86.11 to 105.89 kg/du for H1 and H2, respectively. At H1
treatment, common vetch, dwarf chickling and narbon vetch
produced a higher digestible dry matter than all other entries,

while at H2 and H3 treatments, only the common vetch still
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Table 19. Total digestible dry matter yield (ka/du) of seven forage legume crops
as influenced by three cutting heights at M'shagér during 1989/90 and

1990/91 seasons.

Woolly pod vetch 65.98 ab 81.12 ab 71.23 b 69.85 bc 71.77 d 79.94 e

Common vetch  61.61 bc 66.89 b 86.88 ab 101.82 a 123.24 a  128.56 a
Bitter vetch 34.88d 36.51 ¢ 30.83 ¢ 60.76 ¢ 78.28 cd  89.37 cde
Narbon vetch 78.72 ab 69.76 b 64.17 b ' 95.47 a  98.07 bc 102.60 bed

Ochrus chickling 42.05 cd 38.02 ¢ 31.66 ¢ 84.22 ab 84.49 bcd  86.37 de
Dwarf chickling 86.11 a 103.47 a 105.89 a 96.50 a 103.25 b 120.32 ab
Common chickling 74.26 ab 83.11 ab 81.92 b 69.85 bc 74.41 cd 108.80 abc
LSD {0.05) 9.56" 14.11™*
Means within a column followed by the same letter do not differ significantly at

the 5% Tevel of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between H1, H2, and H3 for the same crop in 1989/90,
**LSD value to compare between Hl, H2, and H3 for the same crop in 1990/91.
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maintained the highest yield in 1990/91 season, The lowest
amount of total digestible dry matter yield were obtained by
bitter vetch and ochrus chickling in 1989/90 and woolly pod

vetch in 1990/91 season only.

4.2.4.2. 'Total crude protein yield:

The differences in total crude protein yield of different
genotypes at different cutting height treatments followed the
same pattern as total digestiblé_dry matter yield (Table 20).
With a few exceptions;‘the different genotypes aﬁtained max imum
crude protein yield at H3 treatment ( Figure 8 ), even though
there were no dreater differences between Hl, H2 and H3
treatments (Table 20).

In 1989/90 season, dwarf chickling gave the highest total
crude protein yield followed by common chickling, narbon vetch,
common vetch and woolly pod vetch under all cutting treatments.
The crude protein yield of the second season was found to be
higher than the first, especially for dwarf chickling and
common vetch which attained the maximum yield. , As  for the
total digestible dry matter yield, bitter vetch and ochrus
chickling produéed the lowest total crude protein yield for

both seasons and woolly pod vetch in 1990/91 season only.

4.2.4.3. cCrude fiber content:

Fiber content of narbon vetch, in the first harvest was
significantly higher than those of all other genotypes at all
cutting height treatments (Table 21). On the other hand,
woolly pod vetch contained the lowest amount of fiber.

Moreover, in the first harvest, we c¢an predict a reduction
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Table 20. Total Crude protein yield (kg/du) of seven forage legume crops as

influenced by three cutting heights at Mrshagar during 1989/90 and

1990/91 seasons.

Woolly pod vetch 22.40 ab 24.89 b 23.67 b 23.33c¢cd 23.74c¢ 26.33 ¢

Common vetch 18.65 bc 20f21 bc 24.96 b 32,11 ab 38.88 a 40.71 a
Bitter vetch 11.91 ¢ 10.27 d 8.60 C 19.89 d 25.45 ¢ 29.41 bc
Narbon vetch 27.66 ab 24.82 b 23.15 b 30.05 abc 30.50 bc 31.02 bc

Ochrus chickling 13.36 ¢ 12.53 ¢d 10.71 ¢ 27.37 bed 27.77 ¢ 28.56 bc
Dwarf chickling 31.09a 35.63 a 34.64 a 35.53 a 36.98 ab 42.18 a
Common chickling 24.28 ab 26.26 b  28.24 ab 24.72 bed 26.76 ¢ 35.29 ab
LSD (0.05) 2.36 4.94™"
Means within a column followed by the same letter do not differ significantly at
the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between H1, H2, and H3 for the same crop in 1989/90.
**Lsp va]uerto_compare between H1, H2, and H3 for the same érop in 1990/91.
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Table 21. Effect of three cutting heights on crude fiber content (%) of seven

forage legume crops, measured at two harvests at M>shagar during

1989/90 and 1990/91 seasons.

1-st bharvest:
Woolly pod vetch 15.77 ¢ 15,58 d 15.35 ¢ 16.48 ¢
Common vetch 17.22 bc 17.01 ¢d 16.78 bc 17.43 d 16.78 cd 15.63 d
Bitter vetch 18.92 ab 18.69 ab 18.45 ab 19.68 b 18.33 b 17.88 b
Narbon vetch 20.10 19.77 a  19.61 a 21.45a 20.33 a 19.58 a
d d
C
d

16.23 d 14.98 e

a
Ochrus chickling 18.08 b 17.94 bc 17.71 b 17.23 16.28 15.93 cd
Dwarf chickling 18.11' b 17.93 bc 17.72 b 18.18 17.13 ¢ 16.38 ¢
b

Common chickling 17.27 17.10 bed 16.95 be 17.43 16.28 d  16.05 cd
* *k

LSD (0.05) 2.15 . 0.26
2-nd harvest:

Woolly pod vetch 16.58 ab 17.94 ab 18.55a 17.28d 18.38 ¢ 19.28 ¢
Common vetch 16.64 a 16.87 bc 18.37 a 19.20 bc 20.13 b 21.23 b
Bitter vetch  ----- ... .. 19.58 b 20.13 b 21.32 b
Narbon vetch ~  ----- ... .. 23.23 a 24.13 a 2h5.58 a
Ochrus chickling ----- ---- ----- 18.03 cd 18.50 ¢ 20.28 bc

Dwarf chickling 15.18 b 15.90 ¢ 16.00 b  18.23 bed 19.52 bc 21.13 b
Common chickling 16.82 a 19.30a 19.80a 17.73d 19.13 bc 20.53 be

* * %

LSD (0.05) 1.69 0.09

Means within a column followed by the same letter do not differ significantly at
the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LsD value to compare between Hl, 12, and H3 for the same crop in 1989/90.
**LSD value to compare between H1, H2, and H3 for the same crop in 1990/91.
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trend in fiber content of the different genotypes as the cutt-

]

ing height increased from 5.0 to 10.0 cm above ground level.
However, no greater differences between H1, H2 - and H3 were
observed.

In general, fiber content increased in the second harvest
compared to the first. Moreover, plants harvested firstly at
10.0 cm did not contain a significantly higher fiber content
than those cut at 7.5 ecm in the first season while in 1990/91
season, the differences were more significant. The lowest fiber
content was found in dwarf chickling in 1989/90 and woolly pod
vetch and ochrﬁs chickling in 1990/91 season.

Narbon vetch continued to yield the highest crude fiber content

in the second harvest also.

4.2.4.4. Total ash yield :

Data in table 22 showed that narbon vetch, common vetch and
woolly pod vetch produced the highest total ash yield for both
seasons. The highest total ash yield was 19.51 kg/du for common
vetch at H3 treatment in 1990/91 season.

On the other hand, bitter vetch has a lower ash yield than
other crop entries for both seasons accompanied with woolly pod
vetch and common.chickling in 1990/91 season.

Also, an increase in the total ash yield, in response

to cutting height treatments can be predicted, H3 treatment

produced a relatively higher ash yield (Figure 9). However, no
significant differences were observed - between H1 and H2 and
between H2 and H3 treatments for both seasons (Table 22).

Finally, a significant interaction between cutting height
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and species was observed for total digestible dry matter, crude

protein and ash yield and all thege measurments followed the

same pattern as sesonal dry matter yield (Figures 7,8 and 9).
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Table 22 Total ash yield (kg/du/) of seven forage legume crops as influenced by
three cutting heights at Mrshagar' during 1989/90 and 1990/90 seasons.

Woolly pod vetch 12.19 bc 13.65a 13.80 a 11.86 bc 12.15¢ 13.27 ¢

Common vetch 10.30 bc 11.74 ab 16.66 a 15.83 a 18.85 a 19.51 a
Bitter vetch 7.69 ¢ 6.60 ¢ 5.52 b 9.35 ¢ 11.66 ¢ 13.32 ¢
Narbon vetch 17.65 a 15.86 a 14.52 a 17.29 a 17.11 ab 17.39 ab

Ochrus chickling 8.10c "7.21 bc 6.05b 14.99 ab 15.07 bc 15.10 be
Dwarf chickling 14,21 ab 15.37 a 15.86 a 15.26 a 15.65 ab 16.86 ab
Common chickling 12.33 bc 12.94 a 12.11 a2 11.61 ¢ 12.11 ¢ 15.14 bc
LSD (0.05) : ' 1.35 2.04

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

* LSD value to compare between HI, H2, and H3 for the same crop in 1989/90.
**LsD value to compare between H1, 112, and H3 for the same crop in 1990/91,
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5 . DIBCUBS8ION

Feed shortage is considered an important constraint for '

livestock production and improvement. In view of the huge
diversity of Mediterranean legumes, a few have been used as
forages (Abd El1 Moneim et al., 1990). Kernick (1978) notes that

three species of chickling (Lathyrus spp.) and nine of vetch

(Vicia spp.) are potentially important, but of these very few

have been tested and used. Vetches are indigenous crops
extensively utilized in the area long time ago (Abd E1
Moneim-‘gg, al., 1990). So the study of productivity and
nutritive value of forage legume crops is highly essentiair
under dry land farming in particular. For this purpose, this

study was conducted and divided into two trials.

5.1. trial (1): Growth stages trial

There were no greater differences in phenology (Table 1,
Appendix B). Ochrus chickling was the earliest to flower. In
contrast, woolly pod.vetch and dwarf chickling flowered latest.
In both season, ochrus chickling was the genotype which reached
full pod formation stage earliest while common chickling,
woolly pod vetch and dwarf chickling were latest. In 1990/91
season, the effective rainfall started after mid January (Table
2, Appendix C), thus, shortening the life cycle of all species
drastically compared to 1989/90 season. In both seasons, common
chickling and dwarf = chickling remained green for few days
more than the other genotypes had matured. Abd E1 Moneim‘g; al.
(1990) stated‘that this might indicate some sort of drought or

heat tolerance.
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5.1.1. Forage yield:

Improvement of the production of forage crops can be
achieved through selection of high yielding cultivars as well
as the adoption of cultural and management practices. 1In this
respect, Decker et al. (1976) stated that the best forage crops
is determined by the interaction of species with climate, soil,
seeding method and time and forage use. The results shown in
table 2 indicate that the amount of forage of all crop
genotypes was increased between 10% flowering and full pod
formation at which the maximum dry matter yield was obtained.
Thus, the forage production of all crop entries can be severely
restricted when they are harvested at early growth stages. From
this we can predict that forage yield is highly affected by the
growth stage at which harvesting is carried out. From the
physiological point of view, the dry matter accumulation
increases with the advancing stage of maturity (Ababneh,
1983). Similar results were reported (Schmidt, 1962; Wédin,
1962; Hunt and Wagner, 1963; Cannel and Jobson, 1968; Gizek and
Gikic, 1969; Hadjichristodoulou, 1976; Habib et al., 1978;
ICARDA, 1981; Ababneh, 1983; Droushiotis, 1984 and 1585; énd
Shorat, 1987).

Also, the present data indicates a general superiority of
narbon vetch with respect to dry forage yield over all other
crop genotypes for both seasons. however, woolly pod vetch,
common chickling and dwarf chickling produced a relatively high
forage yield in 1989/90 season. Common vetch and ochrus
chickling produced the lowest amount of forage yield in 1989/90

season and this could be attributed to the drop in temperature
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after unusually hot days during April to -1°'C which inversely

influenced plant growkh and reduced pod setting and development

of these species. In 1990/91 season, common vetch, narbon

vetch, ochrus chickling and dwarf chickling produced the

highest forage yield while bitter vetch, common chickling
and woolly pod vetch were the_lowest. Observing the results
of the two years, we ~can observe that fhe dry forage yield of
the second season was lower than that of the first with the
exception of common vetch and ochrus chickling. - This can be
attributed to the lower amount of rainfall in 1990/91
season compared to 1989/90 season and also to the sho&ter
growth cycle. Similar fluctuation were reported in forage
yield in response to total rainfall for vetches grown in
different seasons ( Osman and ﬁersoyan,_l989 ) or in diffe;ent
locations with different rainfall (Droushiotis, 1985) and in
different seasons and locations ( Abd El Moneim et al,, 1989
and 1990 ). Also, Trevino and Caballero (1981) found that
yield of bitter vetch were strongly influenced by weather
conditions, mainly rainfall, and significant variation between
years occur. _-Moreover, he stated that variation in rainfall
during the critical 1-2 months before harvesting had a greater
effect on dry matter yield than those in total rainfall and
consequently, that the distribution of rainfall within a

year was a major factor affecting forage yield.

5.1.2. Plant characteristics:

Plant characteristics during the three growth stages is an

important indication of crop potential in producing biomass,

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



70

especially for forage crops used as green forage or cut and
processed as hay.

The dry weight of plants is very important parameter, when
the forage quantity is considered, because it has a large
contribution to forage yield of the different genotypes. Narbon
vetch was found to have the highest plant weight over the two
years, even though it has the lowest number of branches per
plant and this could be explained by having the tallest plants.

Also, narbon vetch has a larger leaf area and thicker stems.

Although, dwarf and commeon chickling were shorter than common
and woolly pod vetch plants, they have a highér plant weight
and it is therefore plausible to attribute this to the higher
number of branches per plant of these two species compared to
others. Ochrus chickling has a plant weight that ranked next
to narbon vetch in 1989/90 season, even though plant height and
number of branches do not indicate that, especially at full pod
formation stage. This could be explained by that Ochrus
chickling has a relatively large leaves and larger pod size.
Abd El1 Moneim et al. (1990) stated that high performance of the
crop entries is related to their higher leaf area indices.

Data in table 3 showed that plant weight increased as plant
aged and this is an expected result due to the increase in
plant height and number of branches per plant and also to the
formation of pods and seeds after 100% flowering stage.

Measurements of the ratio of leaves to branches or stems
is another important criterion which gives a preliminary
indication about the forage quality. As expected, when the

ratio is high, the digestibility, protein and ash content of
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forage will increase and fiber content will decrease.

Results in table 6 showed that, in general, leaves to
branches ratio was higher at 10% flowering time as compared to
100% flowering and full pod formation, respectively. At the
early stages of growth, the herbage consist mostly of leaves
and as plants age, stem or branches start to comprise a greater
percentage of the bulk fofage.

At 10% flowering, ochrus chickling had a high ratio as
compared to other genotypes and maintained a higher ratio at
full pod formation which will be reflected pbsitively on forage
gquality. Leafiness has been found to be the one criterion
affecting voluntary intake so far (Minson, 1975 and Hutton,
1975) . Leafiness is also correlated positively with protein
content (Gupta, 1968) and digestibility (Meyer and‘Jones, 1962)
in different crops. Thus, leafiness appéars to be an important
morphological attribute which could help in thé improvement of

nutritive value.

5.1.3. Forage quality :

The efficiency of forage utilization by livestock is
dependent upon a large number of factors including quality and
quantity of available foragé. Forage quality takes into account
both nutritive value and rate of consumption (Raymond, 1969).
Forage quality, in this study, focused on four quality paramet-
ers; digestibility, crude protein, crude fiber and ash contents.
The purpose of these measurements is to give more informations
of the comparative advantage of these crops when they are used

as feed at different growth stages..
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The quality of forage is normally dependent on the stage

at which it is harvested. Studies of yield and gquality in
grasses revealed that as plant mature, dry matter increases but
forage quality decreases (Corrall, 1979). However, a high
forage quality was not only associated with early growth
(Cannel and Jobson, 1968) since even within the same canopy the
young parts were of higher quality than the more mature lower
parts of the plant ( Wilkinson et al., 1970 ).

The significant measﬁre of pasture gquality for ruminants
according to Raymond (1969) is‘mainly digestibility which
determines the value of feed to the animal. In the present
work, digestibility percentage was decreased as plant growth
advanced to maturity. Similar trend of results were reported
(Taylor et al., 1977; Trevino and Caballero, 1980; Ababneh,
1983; Rihawiet al., 1983; Droushiotis, 1985; Shorat, 1987 and
Ubied, 1990).

Genotypic differences in digestibility of forage were also
observed (Table 7). Although, there were no greater differe-
nces between the different genotypes, in 1989/90 season,
bitter vetch has the highest value at the three stages while
narbon vetch was the lowest. In 1990/91, woolly pod vetch,
common vetch, dwarf chickling and cﬁmmon chickling have a
higher digestibility value for both 10% and 100% flowering
stages. At full pod formation, dwarf chickling maintained the
highest value while narbon vetch was the lowest. In 1985,
Droushiotis reported that several yarieties of common vetch
were differ in their dry matter digestibility. Moreover, the

rather lower digestibility value of forage cut at the full pod
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formation stage should not be wused as an argument for

advocating early cutting of vetches ( Droushiotis, 1985 ).

The crude protein content is also used to denote the
quality of forage for feeding ruminants. Earlier reports
indicated that highly productive animals require at least 10%
crude protein in their ration (Raymond, 1969). - In the present
work, the lowest value recorded at full pod formation stage was
13.84% for narbon vetch in 1989/90 season and this is higher
than the lowest limit required for highly productive animals.
Also, the results in table 8 indicate a genera; superiority of
three chickling species and woolly pod vetch éoncerning crude
protein content over the two seasons. Moreover, crude protein
content of all genotypes found to decrease as plants mature.
Similar results were found by Hadjichristo?oulou (1974) and
1976), Trevino and Caballero (1980), Ababneh (1983), Rihawi
et al. (1983) and Droushiotis (1985). |

On the contrary, the result of the present investigation
‘'showed that crude fibér content increased as the plant
approaches full pod fbrmation. This was in agreement with those
lobtained by Hadjichristodoulou (1976), Rihawi and Somaroo
(1980), Ababneh (1983), and Shorat (1987).

Obsourn (1980) stated that the major changes in composition
occurring in forage crops are those that accompany maturation.
As the plant matures, the proportion of cell walls and its
constituent fractions increases and cell content fraction
decrease. The proportion of protein and ash content in the dry
matter decreases as the plants mature. Hoveland and Monjon

(1980) stated that most of forage species decline in nutritive
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value with age. They referred such decline to the decreasing

ratico of leaves to branches combined with increasing lignifica-
tion of cell walls. They added that stage of growth has a
greater influence on nutritive value of forage than any other
factor. This factor can be controlled by skillful grazing
management and timing of cutting. Schmidt (1962) stated that
the reduction in crude protein content as plant matured was due
to the 1loss of lower leaves or deterioration through
weathering.

Genotypic differences concerning crude fiber content were
observed (Table 9). Narbon vetch has the highest fiber content
at the three stages and this might be explained by the lower
leaves to branches ratio where branches are thick and more
lignified. Moreover, woolly pod vetch maintained the 1lowest
crude fiber content over the three stages in both seasons and
dwarf and common chickling in 1990/91 season.

Ash content followed the same pattern as crude protein and
digestibility percentage, decreased as plant mature. However
no greater differences between species were observed. Although,
narbon vetch has the highest ash content at 10% flowering, it
can not maintain it up to full pod formation. Common vetch and
ochrus chickling for both seasons maintain a higher ash content

compared to other species.
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5.2. Trial (2) cutting heights trial

As the young plants continue to grow, it becomes sensitive
to enviromental factors, especially day length which causes the
production of flowers rather than vegetative buds, in the leaf
stem axil. The onset of flowering initiates the release of
apical dominance. Commonly a vegetative buds may start to
develop on the lower parts of the shoot or crown that will
produce subsequent vegetative growth. the height of cut will
consequently determine the number of buds available for
regrowth.. The height of remaining stubble also determine the
stored carbohydrate left behind after cutting. Oon both
accounts a high cut will enhance regrowth (Walton, 1983). One
of the essential features of a forage plant is that it should
be capable of regrowth if successive defoliation are imposed.
Thus, this part was conducted to study the effect of cutting

height on plant regrowth and nutritive value.

5.2.1. Forage yield:

Data in téble 11 showed that dry matter yield of the first
harvest was higher for plants cut at 5 cm above ground level
compared to 7.5 and 10.0 cm, respectively. This is due to the
fact that by cutting the plants 5.0 ¢m above ground level, a
higher mass" : of herbage are removed compared to the other two
treatments. However, there were no greater differences
between the three cutting height treatments.

Regarding the second harvest, we can see the influence of
different cutting heights on dry forage yield where 10 cm

stubble height produced the highest dry matter yield and this
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agree with what did Walton (1983) mention firstly.

Concerning the different forage species, we can’t observe
a greater differences between'species at the first harvest.
However, narbon vetch.was higher than all other species in
1989/90 and dwarf chickling, narbon vetch and ochrus chickling
were the highest in 19%0/91 season. Afﬁer the first harvest,
narbon vetch, bitter vetch and ochrus chickliﬁg did not regrow
so that, no forage yield were obtained in 1989/90 season.

However, they regrow in 1990/91 season. This failure of

regrowth in the first season can be attributed to the drop in
temperature to -1°C during April which drastically influenced
the remaining stubble height of these crop species which may
contain a lower number of 5uds, especially in the basal leaves
stem axil. On the contrary, dwarf chickling, common chickling
and common vetch produces the highest dry matter yield at the
second harvest, especially when 10 cm stubble height was
remained after first cut. This indicates that these species
have the ability to be grazed or cut and continue growth after

that.

5.2.2. Beasonal forage yield:
With a few exceptions we can observe that as cutting height
increased from 5.0 to 10.0 cm, the seasonal dry matter yield

were increased, Most of that increase was due to the better

regrowth occurred when 10.0 cm stubble height remained after
cutting compared to 5.0 and 7.5 cm, respectively.
Also we can predict a genotypic differences according to

seasonal forage yield where common vetch and dwarf chickling
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was significantly higher than those of others for both seasons,

followed by common chickling. This indicate a better regrowilng

ability of these species, also they can withstand the high
temperature and drought conditions prevailing at the end of
growing season in such area. Shorat (1987) Found that common
vetch can be harvested three times in the season. However, the

yield were reduced compared to single cut system.

5.2.3. Population density:
The present work showed that population densities of the
different species at the second harvest were drastically

reduced in 1989/90 season, esﬁecially for those cut at 5.0 cm
- above ground level. ‘This could be attributed to the adverse
climatic condition prevailed after the first harvest during
this season. Moreover, non of bitter vetch, narbon vetch and
ochrus chickling plants were regrow. However, no such reduction

was observed in the second season.

5.2.4. Plant characteristics:

No significant differences for plant characteristics were
measured at the time of first harvest between the three cutting
height treatments. Thus, the results presented as an average
of three plots. However, genotypic differences similar to
that present in the first trial (cutting stages trial) at 10%
flowering stage were observed.

At the second harvest where the plants were harvested at
gfound level, differences wére observed for plant characterist-
ics between the different treatments. Generally, leaving 10.0

cm stubble height after the first cut enables cut plants to
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regrow better and produce a taller and heavier plants as

compared to 7.5 and 5.0 cm stubble heights. This because in
‘the former, we will remove not only lower ammount of
carbohydrate reserve material but also a lower proportion of
the photosynthetically active parts of the plant have been
removed compared to the latter. So that, plant recovery and
regrowth will be faster in the former. On the contrary, no
greater differences were observed in the case of number of
branches per plant as influenced by cutting heights. However,
more predictable differences were observed between different
genotypes. Dwarf and common chickling have heavier, taller
plants and higher number of branches per plant in 1989/90 while

narbon vetch plants was taller and heavier in 1990/91 season.

5.2.5. Férage quality:

From the results obtained, no greater differences were
observed between the cutting height treatments concerning total
digestible dry matter, crude protein and ash yield. However,
with a féw exceptions, especially in 1989/90 season, there was
a trend to increase all of these parameters as the cutting
height increased from 5.0 to 10.0 cm.

Moreover, common vetch, narbon vetch and -dwarf chickling
have a consistent higher total digestible dry matter, crude
protein and ash yield for both seasons. The differences between
the different genotypes for these parameters were consistent
with their differences in seasonal dry matter yield. Oon the
other hand a general increase in the crude fiber content of

different genotypes at the second harvest were detected, and
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the highest content was for plants cut firstly at 10.0 cm above

ground level. The differences between different species
followed a similar trend as in the first experiment ( cutting

stages trial ).
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SUMMARY

The present study was carried out to evaluate seven annual

forage legume species for their dry forage yield, seasonal

forage yield, quality and some botanical traits in order to
provide farmers with information that assist them to choose the
proper crop(s) and stage of growth which will enable them to
obtaine maximum dry matter yield accompanieéd with acceptable
feeding value. Moreover, it aims of studying the regrowth
capability of the different crop species as affected by three
cutting heights conducted at 10% flowering stage.

The annual forage legume genotypes and species included in
this study were Woolly pod vetch (Vicia dasycarpa), common

vetch (Vicia sativa), bitter vetch (Vicia ervilia), narbon

vetch (Vicia narbonensis), ochrus chickling (Lathyrus ochrus),

dwarf chickling (Lathyrus cicera) and common chickling(Lathyrus
sativus).

For the purpose of this study, two trials were carried out
using these seven species under rainfed conditions in Jordan at
M’shagar location during 1989/90 and 1990/91 seasons. A split-
plot experimental design with three and four replication for
the first and second growing season, respectively, was used.
Each trial contained the seven crops as the main plot
treatments, while the sub-plot treatments were three cutting
stages, 10%, 100% flowering and full pod formation, in the
first experiment and three cutting heights above ground level,
5.0, 7.5 and 10.0 cm, in the second experiment.

Several botanical and agronomical traits were measured at
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the three cutting stages in the first trial and at the first

and gecond hatvests in the second trial. Moreover, some quality
parameters were measured. The piant characteristics were on 15
plants samples and consisted of} plant weight and height,
number of branches per plant and leaves to branches ratio. On
per plot basis, days to 10% flowering, 100% flowering and full
pod formation, dry forage and seasonal forage yield were
measured. |

The main result obtained could be summarized as follows:

A. Trial (1): Growth stages trial

1. Growth stages has a great influence on dry forage yield.
The forage yield increased significantly as the plant
advanced in growth. The highest yields were obtained at
full pod formation stage, 438.1 and 280.5 kg/du in 1989/90
and 1990/91 seasons, respectively.

2. Generally, narbon vetch was superior in terms of forage
yield over all other ‘genotypes. However, in 1989/90,
woolly poed vetch, dwarf and common chickling ranked second
to narbon vetch in their dry matter yield while in 1990/91,
common vetch, ochrus and dwarf chickling were the highest
forage produceré, especially at full pod formation stage.

3. A considerable variation among crop entries and stages for
different characters were detected. The highest plant
weight and height and number of branches per plant were
obtained at full pbd formation stage. Narbon vetch has the
heaviest and the tallest plants over all other species

followed by ochrus chickling plants, even though they have
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the lowest number of branches per plant. On the other hand,
dwarf and common chickling - has the highest number of
branches per plant followed by bitter vetch.

The high 1leaves to branches ratio indicated that the
highest 1leaves proportion of forage masses was at 10%
flowering stage which decreased toward plant maturity. The
highest value was for ochrus chickling which reached 3.8 at
10% flowering stage, in 1989/90,

The quality of forage is hormally dependent on the stage at

which it is harvested. For all species, digestibility
percentage, crude protein and ash content decreased as the

plant growth advanced to maturity, while crude fiber

content was increased.

The results obtained showed that bitter vetch has the
highest digestibility level in 1989/90 while in 1990/91,
common vetch was the highest. However, there is no great
differences between the different species except for narbon
vetch which has the lowest digestibility level.

Forage quality for forage species indicated that protein
content was the highest in dwarf chickling, common

chickling and woolly pod vetch over the two seasons.

Narbon vetch had the the highest value of crude fiber

content at the three growth stages over all other genotypes.

Moreover, woolly pod vetch, common and dwarf chickling

maintained a lower fiber content than the others.

Narbon vetch had the highest ash content at 10% flowering

stage in both seasons, however, this content dropd sharply

after that  stage, meanwhile, common vetch and ochrus
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chickling maintain a higher values at 100% flowering and

full pod formation.

Trial (2): Cutting heights trial

There were no Jgreater differences in forage yield between
the three cutting heights forage yield at the first harvest.
At the second harvest, 10.0 cm stubble height gave better
regrowth after cutting than 7.5 cm which is better than 5.0
cm. However, there is no significant differences between
5.0 and 10 cm cutting treatments for woolly pod vetch,

common vetch, narbon vetch and ochrus chickling were

observed in 1990/91, even though a significant differences

between treatments was observed in 1989/90.

Narbon vetch, bitter vetch and ochrus chickling failed to

recover after first cut in 1989/90, however, they continued

regrowth in  1990/91 season. Moreover, dwarf chickling

common chickling and common vétch had the best regrowing

ability in both seasons.

Over the two seasons common vetch, dwarf and common chickl-

ing had the highest seasonal forage yield, especially at

10.0 cutting height +treatment which is higher than the

other two treatments.

Plant weight and height increased as the cutting height

increased from 5.0 to 10.0 cm. Regrowing plants density

was greatly influenced by cutting height in 1989/90 while

no such influence was observed in 1990/91 seasons.

There were no greater differences between cutting height

treatments concerning total digestible dry matter, crude
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pfotein and ash yield. However, they tend to increase
as cutting height increased from 5 to 10 cm. The differen-

ces between crops were consistent with their differences

in their seasonal dry matter yield.
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CONCLUEBIONS

1. There 1s a clear evidence that forage yield increased
greatly from 10% flowering to full pod formation at which
maximum forage yield was obtained. Thus, cutting at 10%
flowering resulted with low production of dry matter.

2. Narbon vetch was found to be adapted to the conditions of
the study as compared to other species, where it produces
higher forage yield. However, dwarf chickling, common vetch
and woolly pod vetch showed a high yield in one growing
season only.

3. Forage quality of all crop entries declined with
delayed harvesting, hbwever, the lower nutritive value of
forage at full 'pod formatién should not be used to
advocate early cutting.

4. Dwarf chickling, common chickling, common vetch and woolly
pod vetch have a desirable quality aspects as animal feed.

5. Common vetch, dwarf and common chickling can be cut at 10%
flowering stage and still have the capability to regrow if
moisture is available, while ochrus chickling, narbon and
bitter vetch regrowing ability is questionable and need
more investigation.

6. There were no greater differences between different cutting
heights concerning forage yield and guality components,

however, 10 cm cutting height gave the highest seasonal

forage yield and total digestible dry matter, crude protein

and ash yield.
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Although earlier reports indicated lower palatability of

woolly pod vetch and narbon vetch compared to other vetch

creps, further experimental work is required on such

species (Vicia spp. & Lathyrys spp.) to investigate plant-
animal interrelations in free choice grazing trials which
should be carried out on different locations at different
growth stages.

In areas where rainfall limits the production of large
qﬁantitieé of forage, priority placed mainly on quantity
more than quality. However, a desirable nutritive value
with a maximum herbage yield could be obtained when common
vetch, dwarf chickling, common chickling, bitter vetch and
woolly pod vetch plants were harvested at full pod

formation stage.
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Table 1. Ffresh forage yield (kg/du) for seven forage crops harvested at three

growth stages at M'shagar during 1389/90 and 1990/91 seasons.

Woolly pod vetch 507.0b 1023.2 b 789.0 bc 459.3 b 480.8 b 437.5 d

Common vetch 489.3 b 879.0 b 790.7 bc 276.0 ¢d 588.3 b 621.5 abc
Bitter vetch 485.0 b 944.4 b 838.9 bc 218.5d 515.8b 498.5 cd
Narbon vetch 931.3 a 1687.9 a 1324.5a 698.0a 914.0 a 738.8 a

Ochrus chickling 501.7 b 1050.4 b 713.1 bc 398.3 bc 882.0 a 785.8 a
Dwarf chickling 490.2 b 955.4 b 934.7 b 546.0 ab 614.0 b 692.3 ab
Common chickling 514.8 b 1034.9b 594.4 ¢ 185.8d 536.0b 522.3 bed
Means within a column followed by the same letter do not differ significantly at

the 5% level of pfdbability according to Duncan Multiple Range Test (DMRT).

10F = 10% flowering stage.
100F = 100% flowering stage.
“FPF = full pod formation stage.
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Table 2. Effect of three cutting heights on fresh forage yield of seven forage
Jegume crops taken at two harvests at M’shagar during 1989/90 and

1990/81 seasons.

e . A T R M W MmN N WA A EEREAERE TR Rl A Al T E SR eSS T SR A E e TR T F T - St A LA s LAEE S EnS -

1989/90 1990/91
Crop = meemmmesseso-c-se-c-es mmeemmmmccmmcmeneoooo-
H1 H2 H3 H1 H2 H3

1-st harvest:
Woolly pod vetch 466.0 b 411.0b 362.5b 361.8b 339.0b 286.5 ab
Common vetch 434.1b 392.0b 336.5b 169.3c 144.3 ¢ 116.5 cd
Bitter vetch 428.6 b 391.6 b 312.3 b 167.8¢ 131.8c 114.5 cd
Narbon vetch 867.3a 824.4a 756.2a 548.0a 457.5a 366.8 a
Ochrus chickling 447.6 b 383.9b 335.4b 386.0b 320.5b 285.8 ab
Dwarf chickling 430.3 b 372.9b 270.1b 387.8b 305.0b 203.8 bc
Common chickling 477.5b 402.2 b 353.8b 145.8¢ 88.8 ¢ 73.5d
2-nd harvest:
Woolly pod vetch 59.8 b 113.2b 137.3 b 130.5c¢ 187.5c 210.8¢
Common vetch 44,6 b 82.6 b 176.8b 356.5a 511.5a 451.5 a
Bitter vetch - —ee- e 225.3 bc 359.5 b 408.5 ab
Narbon vetch ---- e 359.0 a 408.8 ab 439.0 a
Ochrus chickling ---- T T e 291.0 ab 309.0 b 321.8 bc
Dwarf chickling 144.5 a 230.8a 299.4a 217.5bc 374.3 b 420.3 ab
Common chickling 62.3 b 120.2 b 175.2 b 227.5 bc 299.5 bc 423.5 ab

Means within a column followed by the same letter do not differ significantly at

the 5% Tevel of probability according to Duncan Multiple Range Test (DMRT).

H1=5.0 cm, H2= 7.5 cm and H3= 10.0 cm cutting heights.
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Table 3. Effect of three cutting heights on digestibility (%) of seven forage
Tegume crops measured at two harvests at Mshagar during 136%/90 and

1990/91 seasons.

e e e e e e e M R M R ke e U M M R e e e ke e e e e e e e o = = = =k = = = == ——

1-st harvest:
Woolly pod vetch 66.88a 67.38a 68.73a 71.33a 71.73a 72.28a

Common vetch 67.98 a 68.36 a 68.73 a 71.98 a 72.18 a 73.03 a
Bitter vetch 6B.52 a 69.10a 69.56a 69.06b 69.26b 70.08%b
Narbon vetch 66.34 a 66.52 a 66.73 a 67.08 ¢ 67.43 ¢ 68.38 ¢

Ochrus chickling 68.16 a 68.59 a 68.88 a 68.25 bc 69.13 b 69.73 be
Dwarf chickling 67.50 a 68.15a 68.20 a 68.08 bc 68.48 bc 69.38 be
Common chickling 68.59 a 69.18a 68.20a 67.35¢c 67.90 bc 68.83 bc

2-nd harvest:
Woolly pod vetch 68.82 a 67.31 a 62.33 b 65.33 ab 64.28 ab 63.43 ab

Common vetch 68.70 a 64.27 b 61.24 b 66.23 a 63.45b 62.13 bed
Bitter vetch ----- - ool 64.23 b 63.48 b 60.93 de
Narbon vetch ~  ----- ... ... 62.13 ¢ 61.68 ¢ 60.33 e
Ochrus chickling -----  --coo .. 64.28 b 62.88 bc 61.43 cde

Dwarf chickling 66.06 b 65.83 ab 64.49 a2 66.38 a3 65.23 a 64.28 a
Common chickling 68.12a 67.19b 63.05 ab 64.25 b 63.38 b 62.73 bc

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

Hi=5.0 cm, H2= 7.5 cm and H3= 10.0 cm cutting heights.
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Table 4, Effect of three cutting heights on crude protein content (%) of seven

forage legume crops, measured at two harvests at M*shagar during 1989/

90 and 1990/91 seasons.

1-st harvest:

Woolly pod vetch 24.12 ab 24.32 ab 24.67 ab 24.78 b 25.23 ¢ 26.13 ¢
Common vetch 20.83 b 21.16 b 21,52 b 25.15b 25.68c¢c 26.43 c
Bitter vetch 19.56 b 19.77 b 20.01 b 22.88d 23.43d 23.83d
Narbon vetch 23.33 ab 23.48 ab 23.69 ab 21.58 e 22,43 e 22.48 e

Ochrus chickling 21.89 b 22.92 ab 23.45 ab 24.00 ¢ 25.03 ¢ 26.30 ¢
Dwarf chickling 27.54 a 27.75a 27.13a 27.33 a 28.20a 29.43 a
Common chickling 23.84 ab 23.82 ab 24.22 ab 25.40b 26.68b 27.83 b

2-nd harvest:
Woolly pod vetch 20.69 ab 20.39 a 18.86 b 21.85 bc 20.50 bc 19.65 b

Common vetch 19.86 b 18.55 b 16.48 ¢ 20.35 de 19.27 cd 18.48 bc
Bitter vetch  ----o oo oo 21.38 cd 20.53 bc 19.58 b
Narbon vetch ~  ----- - oo 17.88 ef 16.65 e 15.38 d
Ochrus chickling ----- = ---cc oao.. 19.50e 18.68d 18.13 ¢

Dwarf chickling 20.72 ab 20.34 & 19.59b 23.40a 22.13 a 21.30 a
Common chickling 21.12 a 19.78.a 21.06 a 22.90 ab 21.50 ab 19.78 ab

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (DMRT).

H1=5.0 cm, H2= 7.5 cm and H3= 10.0 cm cutting heights.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



97

Table 5. Effect of three cutting heights on ash content () of seven forage

legume crops, measured at two harvests at M’shagar during 1989/90 and

1990/91 seasons.

-___--.----—__-.._-..--_..--....-...-—__--_-__-__--..‘.----__.-.._-..--_-—_---—_-- ------------

1989/90 1990/91
Crop  =======-we----------e- mmommoooosessmomooosses
H1 H2 H3 H1 H2 H3
Woolly pod vetch 12.96b 13.26 b 13.34 ab 11.93 ¢ 12.09b 12.31c
Common vetch - 12.21 b 12.50 b 12.90b 12.61 b 13.21 a 13.43 ab
Bitter vetch 12.47 b '12.56 b 12.69b 10.73d 10.90c 11.41d
Narbon vetch 14.86 a 15.02a 14.84a 13.52a 13.71 a 14.06 a
Ochrus chickling 13.31 b 13.39 b 13.43 ab 12.39 bc 13.11 a 13.61 a
Dwarf chickling 12.60b 12.63b 12.60b 11.81 ¢ 12.12b 12.82 bc
Common chickling 12.14 b 12.25b 12.13 b 12.42 bc 13.21 a 13.54 a

2-nd harvest:

‘WO011y pod vetch 11.39 a 11.10a 11.84a 11.21 a 10.87 a 10.31 a
Common vetch g.56 a 10.58 ab 11.86 a 9.87 b 9.32 b g.11 ¢
Bitter vetch = -----  ----- -me-- . 9.82b 9.32 b 8.91 cd
Narbon vetch —  -e-=r  =eoe- - 10.18b 9.63b 9.2 be
Ochrus chickling ----- R B 11.21 a 10.65a  9.96 ab
Dwarf chickling 9.37 a 8.33b 8.70b .42 b 8.91b 8.22 d
Common chickling 9.80 a 9.18 ab 7.90 bl 10.22 b 9.31 b 8.43 cd

Means within a column followed by the same letter do not differ significantly at

the 5% level of probability according to Duncan Multiple Range Test (OMRT) .

H1=5.0 cm, H2= 7.5 cm and H3= 10.0 cm cutting heights.
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Table 1. Number of days to 10%, 100% flowering and full pod
formation stagas of gceven forage legume Crops
included in the study during 1989/90 and 1990/91

growing seasons.

N S S Gt e S At e G R WA T W W e WS e e AR M S e e e G A SR M W MR Sy el R e S S e ——

1989/90 1990/91
Crop = memememme—o——m—e—es | —mm e mmee———m e
10F 100F FPF 10F 100F FPF
Woolly pod vetch 106 111 133 62 79 22
Common vetch 101 106 125 52 69 88
Bitter vetch 92 109. 123 52 69 83
Narbon vetch 94 106 123 56 70 82
Ochrus chickling 87 99 116 48 60 79
Dwarf chickling 106 111 136 66 80 93
Common chickling 92 109 131 49 71 90

— e e e S S S T S S M S W S M b mm ol ww W b wed oeb S SN L SE S A G S S S W S S D Sme e

10F = 10% flowering stage.
100F = 100% flowering stage.

FPF = full pod formation stage.
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Table 1. Amount of rainfall and temperature data reading at M>shagar location

during 1989/90 season.

-ll---—-----qu—-—---uo--------n—------n—-----—---u- ------------------------------

Rainfall Mean Mean Temp.’C Min. Max. # of
Month (mm) air Temp. Temp. days

temp.“C  Min Max T °c <0’
October 4.0 17.7 12.0 23.3 7.0 33.0 0
November 6.8 14.0 8.8 19.9 4.0 26.0 0
December 30.0 8.8 5.2 14.4 -3.0 21.0 4
January 95.1 8.5 2.5 9.9 -4.0 16.0 9
- February 77.9 6.8 2.3 11.2 -2.0 18.0 6
March 48.5 9.6 4.1 15.7 0.0 19.0 3
April 51.7 13.7 8.9 20.6 -1.0 30.0 2

Total = 314 mm .
Mean of 1981-90 = 347.4 mm

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



ie0

Table 2. Amount of rainfall and temperature data reading at M:shagar location

during 1990/91 season,

Rainfall Mean Mean Temp. C Min. Max. # of
Month (mm) air Temp. Temp. days

temp.°C  Min Max °C °C <0°C
October 4.2 19.6 - 13.0 - 26.2 6.0 34.0 0
November 6.0 16.1 10.1 . 22.2 3.0 29.0 0
December 2.0 11.5 5.2 17.8 -3.0 27.0 4
January 75.7 6.9 1.5 12.4 -4.0 15.0 9
February 74.7 8.0 2.3 13.8 -1.0 23.3 5
March 110.4 12.5 6.7 18.4 0.0 26.0 2
April , 3.5 17.1 9.3 24.8 3.0 32.0 0

Total = 279.0 mm
Mean of 1981-90 = 347.4 mm
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Table 3. Some soil properties of M’shagar location.

101

Characters

( 0-25 ) cm depth

S et S GG S M D S S i ke e S A ey b T —— S ———— . A vy b b — —— A GV S S m——

% clay

Texture

% Organic matter
Electrical Eonductivity

({mmhos/cm)

P (ppm)

K (ppm)

113.40

275.70

O M AL AT NT M S S v ek w  ———— e e ——— T — —— At i = = —— A e mr — —— A S — ——
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Toble 1. Moan squmres for seversl characters of seven forage legume erops harvested at three growth etages during 1969/90 season.

Saurce Fresh dry leaves/  No. of Plant  Plant - Crude Crude Ash Digestibility
of df  yield mtter  branches  brarches height  weight protein fike X X
variation ka/du yield ratio  per plant om g % B 4
s
Blocks 2 51863.12  3126.652  0.02361 0.14146 20.0596  &8268.59 1.62671  0.23536 6.71052 19.4629
A treat. 6 413&8.-3*" IM3B.50% 2500964 3RAT2MY 4031254 LSLBL1B%  36,3437% 22.1055%* 4. 56014% 17.5274
Error a 12 26155.67 1480.338  0.06716 0.47993 9.58284 2678 8.48855  1.00345 116802 12,479

B tret. 2 12731813 31377 B.06115™ 484163  1388.46% 121563464+ 290.219%  XB.393%*  B8.38071%* 459 7017
A*B 12 2485882  I0.262%* 0.18012%  0.25251%%  18.0397w* 366380.9**  8.07536 " 0.81605 3. 13660 1.8007

Error b 28 1B074.45 88,256  0.01081 0.07871 5.356  17976.06 4.73175 1.0 0.61875 7.30974

*=pg 0.05 ** = pg 0.00]
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Table 2, Metn squares for several charactefs of seven forage lequme crops harvested at three growth stages durirg 1990/91 season,

Saurce . Fresh dry leaves/  No. of Plant

of df  yield mtter  braches branches height
variation ka/dy yleld ratio per plant om

kg/du

Blocks 3 58607.84  1428.365 0.002 0.003 10.998

. Atreat. & 254373.B%* B050.2%4%+ 1,708 51,281%*  346.097%*
Error a 18 20908.25 1166.985 0.02422 0.02338 7.811

B tret. 2 515080.2%% 17387 4 (38 15.045%%  571.604%

A*B 12 FU545.85% 2554.073%%  0.020%* 0.75%* Q.82+
Error b 42  S09%9.13 448.849  0.000476 0.00011% 1.852

Plant Crude Crude
weight protein fibe
mg % %

96339.51 0.329 .1
LOINATH L6 40B6%* 26,6170+
45120.48 2.404 0.531
10541092 325.06%* 279 5064+
509204.3%  3.356% 1.304%
596577 0.0054 0.00448

Digestibility

Ash

% x

0.314 0.324
7.995* 5.51%*

2.264 2.431
75,892 L65.215%
1.527+ 2.63%

0.00124 0.025

Jordan - Center of Thesis Deposit
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Table 3, Mean sqeres for several characters of seven forage legume crops harvested at three cutting heights st 0% flowerirg

during 1989/90 season.

No, of Plent Plent Plont nueke

6.2049

16,691+

2.509

0.9062*

0.004457

0.005576

Ash Digestibility

20,3359 42,583

7518533 6.96119

1.96595 18,7209

0.23243% 602652

0.057%52*  0.45488

0.0204559  1.65545

Saurce dry

of df metter  branches height  weight dasity  protein
variation kg/ds  per plant o ng Pl x
Blocks 2 255.6211  0.17555 B.52614 16495.19 153.606 53.17
Treat & & I370.1%%* 30,8063 175.3744%  1465683.9%* 31600, 167** 54,3715
Error a 12 561.5756 0.11626 6.5513 34262.36 B1.13146 187447
B tret. 2 1871.613** 0.028673 0.28743 561.33 9.2576  1.37491
A*B 12 16.2553  0.009977 3.00727 223.944 36.9217  0.29731*
Error b 28 14,226 0.026373 149212 352.2619 19.6954 0.1
*=pg0.05 *=pg0.000
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Teble 4. Mean squares for several characters of seven forege legume crops harvested at greud level at full pod formation

during 1989/90 season.

Saurce dry No. of Plant Plant Plant Crude Crude Ash Digestibility
of df matter  braches height  weight dersity  protein fiber % %

variation ka/d:  per plant an g Pl./m2 % %

Blocks 2 $16.797 0.031 16.30 8800.778 §43.255  0.052 2. 1M 4.813 2.971

Treat @ 3 4N7.6%* 12,509 15,359 3496, 4%% 15081, 29%% Q.545+* {35830 14 932 4.025

Errora 6 293.505 0.364 9.336 13305.93 359.266 0383 0.87 3.485 0.909

Btret. 2 01237 016" 23997 ANIBLL7Y ABLLTS 7701 9.9584* 0.297 82,053+
A*B 6 275951  (.0g3** 1.780" B0322.4%  1340.927%  2.206™ 1.314> 2.585+ 6.270

Error b 16 45.161 0.006 0.5522 7820.472 £52.808  0.113 0.444 0.236 0.951

*= P 005 *=pg0.00
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Toble 5. M squeres for several charocters of sevn forage egue crops harvested at three qutting heights et 1% flowering

cring 1990/91 season.

------------------------------------------------------------------------------------------------------------

Saurce cry No. of Plant Plant Plant Cnue Crude Ash Digestibility
of df motter  branches height  weight dersity protein fibe % %

variation kg/du per plant n mg Pl.lm2 x %

Blocks 3 154 0.156 - 3.655 76797345 121.29 0.083 0.077 0.056 0.381

Treat @ & 3311.68% 373127 200607 1052792.1%% 417BA.TIM 49.355 30,515 9.728  40.312%*

Error a 18 180.208 0.029 4.975 282271 8.5  0.0571 0.561 0.564 2.302
Btret. 2 174154  0.00 0.009 266 905 2.8 18.243" 18,851 4,761 10.B33
A*E 12 BR.619 .00 0.011 1.3 6,105 04784 0.3+ 0.134% 0.085%*
Error b 42 18.655 0.0034 0.013 14.020 6.500 0.003 0.0034 0.0m 0.033

* 2 pc0.05 * =Pg0.001
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Teble 6. Mean suores for several characters of seven forege legume crops harvested at groudd levet st full pod formtion

dring 1990/91 season.

Saxce dry Mo, of Plant Plent Plant Cruke Crude Ash Digestibility
of df metter  brarches height  weight dersity  protein fibe % %

variation kg/du per plant om mg Pl.lm2 % %

Blocks 3 B30 0.73 14.159 67567.5 T304 0.297 0.359 0.055 0.348

Treat & 6 10700.2%  27.892%* 46,676 10827?08*' 4157590+ 42,063 47.041% 6.183~  18.813*
Errora 18 34175 1.266 11.204 47022.43 78497 2.324 2.209 0.70% 2.29
B tret. 2 1BAZ3.0%  10.032%% 1269600 16728021 1161434 32,086  37.282% B.ESE* 44, 147
A*B 12 67672 0553 0.941 608670,52%* 1.657 03444 0.262* 0.135* 1.226%
Error b 42 185.38 0.075 1.3 21099.69 1.504 0.004 0.002 0.06 0.0043

* 2P 0.05 * =pg0.00]
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Table 8. Mean squares for several characters of seven forage legume

crops as influenced by three cutting heights during 1990/
91 season. '

P D A S L T L e i (G e et S A B e o . S GO . s B et Wl e . M P S . . S Sl dek e o . WY S S S oy WP N S b fnlh e v

Source Seasonal Total Total Total

of df dry matter crude protein ash yield dig. dry
variation yield yield ‘ matter yield

kg/du kg/du kg/au kg/du

Blocks 3 1807.81 60.069 21.585 746.097
Treat a 6 7920.71%% 363.33** 76.615*%% 3190.91*%*
Error a 18 754.624 48.01 9.385 304.923
B tret. 2 9290.58%* 236,17%% 29.748%* 2714.94*%%*
A ¥ B 12 560.333% 20.807 3.540%% 223.726%
Error b 42

257.829 11.977 2.458 97. 735

T T T T o e e o T e e o e e e e e o e o v o e o e ks e e e . . i " T e " ————— —
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Table 7. Mean squares for several characters of seven forage legume

crops as influenced by three cutting heights during 1989/

90 season.

T R T T R D L 6 S S S ekl el S T S e . e e T . T TS . e oy ——— o T el Sk i S T —— S —

Seasonal
dry matter
yielad
kg/du

Total

Total Total

crude protein ash yield dig. dry

yield
kg/du

matter yield

-——.—.———_—__-.--....—__-—_—-—.-..-.—__——_....__._—_..__—_-..—-—..-._—__.————q-...-——__———_—“—

Source

of ar
variation
Blocks 2

Treat a 6
Error a 12
B tret. 2
A * B 12

Error b 28

713.084

11111.7*%*

841.091

378.684*%
631.892%%*

41.881

606.332%
64.814
3.526

15.27%

1.986

kg/du kg/du
20.854 404.547
121.99+% 4789 .69%*
18.808 375.625
' 0.457 151.609+
8,682+% 207.784%%
0.648 32.646

——._._._—-_.__.-._.__—...__...._.__—.__—-.___—____.___—....._—._.___—-.._——....—_—_...-——....—._——_-..

* = Pg 0.05
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