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ABSTRACT

Two field experiments were conducted at the Agricultural
Experiment Farm of EIl-Azhar University at Assiut Governorate,
Egypt, during successive summer seasons of 2013 and 2014 to study
the effect of nitrogen fertilizer rates (45, 60 and 75 kg N/fad.) and
three cutting intervals (40, 50 and 60 days from sowing and the first
cut) on growth, fresh and dry forage yields and forage quality of
Sudan grass (Sorghum sudanense, L. Moench) var. Giza-2. A split
plot layout within randomized complete block design with three
replications was used. Main plots were ayigned to three rates of
nitrogen fertilizer and sub-plots were allocated to three times of the
cutting. The combined analysis was conducted across the two seasons.
Plant height, stem diameter, leaves and stems dry weight/plant, fresh
and dry forage yields/fad., as well as crude protein and crude fiber
percentages in leaves increased by increasing nitrogen fertilizer rates
up to 75 kg/fad.. Delayed cutting from 40 up to 50 or 60 days
increased plant height, leaves and stems dry weights/plant, fresh and
dry forage yields/fad., as well as leaves and stems crude fiber
percentages. On the other hand, leaves/stem ratio as well as leaves and
stems crude protein% were decreased by delaying cutting. The
interaction between nitrogen fertilizer rates and cutting intervals had
significant effect on plant height in the second cut, stems dry
weight/plant in two cuts, fresh and dry forage yields t/fad. and
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leaves/stem ratio in the second cut only, crude protein in leaves and
crude fiber in stem percentages in first cut only.

INTRODUCTION

Sudan grass (Sorghum sudanense
(L.) Moench) as forage crop is
considered one of the most important
summer fodder crops in many
countries in the world due to its high
fodder vyielding potential and good
better quality. Sudan grass has
excellent growing habit, quick
growing growth after first cut and high
palatability, digestibility, and various
forms of its utilization like green chop,
silage and hay Karwasar, et al.(1996)
and Dahiya, et al. (1997). ElI-Khawaga
and Geweifel (1991) indicated that
supplying of 90 Kg N/fad. was
significant in plant height, stem
diameter, leaf dry weight (g/plant) and
stem dry weight (g/plant) of forage
sorghum. Afzal, et al. (2012) reported
that increasing nitrogen dose increased
all growth attributes of sorghum
forage. The maximum plant heights,
fresh weight plant™, dry weight plant™
and protein % was observed in N4 (100
Kg N/acre). Shahin, et al. (2013)
found that significant increases were
appeared in plant height (cm) during
the two growing seasons as nitrogen
fertilization rates increased, while
leaf/stem ratio was not affected
significantly during the two growing
seasons. Green forage yield/fad. was
significantly increased as nitrogen
application rates increased during the
two growing seasons except at the
third cut of the first season. Increasing
nitrogen fertilization rates up to 75 kg
N/fad. caused significant increases in

dry forage vyield. Soliman (2013)
showed that growth characteristics of
Sudan grass i.e., plant height and dry
forage yield were affected by nitrogen
fertilizer.  Addition of  nitrogen
significantly increased dry forage yield
where, the highest dry forage vyield
was obtained when 86 kg N/ha. was
added. Abou-Amer and Kewan (2014)
showed that application of the highest
rates of nitrogen increased the fodder
sorghum yield and improved the
fodder quality; crude protein and crude
fiber. Gamal and Abdel-Galil (2001)
indicated that statistical differences
between the dates of first cut
management in two seasons for both
fresh and dry forage yields as well as
crude protein and fiber. Zeidan, et al.
(2003) showed that delaying cutting
from 56 to 66 days after sowing
increased both fresh and dry
yields/fad. as well as protein yield/fad..
Ayub, et al. (2009) studied the effect
of harvesting intervals (40, 50 and 60
days after sowing) on forage yield and
quality of pearl millet. Dry matter and
crude fiber contents, plant height,
forage yield and stem diameter were
consistently increased up to final
harvest (delaying the harvest increased
yield but decreased the forage quality).
Crude protein content was decreased
with delaying the harvest. They
concluded that for obtaining higher
yield of pearl millet harvest it 60 days
after sowing. El-Sarag and Abu
Hashem  (2009) observed that
increasing nitrogen fertilizer rate from
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45 to 90 kg N/fad., increased all
studied growth characters (plant height
and stem diameter) at the three cuts
were taken throughout the growth
season at (60, 105 and 136 days after
sowing) and over them in both
seasons. ArshadUllah, et al. (2010)
revealed that the highest dry matter
yield was obtained by harvesting
elephant grass at 60 days interval
while the lowest dry matter was
obtained at 30 days harvesting interval.
They showed that crude protein
decreased with longer harvesting
intervals in elephant grass. The higher
crude fiber was noted in plants
harvested after longer interval of
cutting, 45 or 60 days interval
contained crude fiber as 30.0 and
32.7%, respectively.

The main objective of his work
was designed to study effect of
nitrogen fertilizer rates and three time
cut on forage productivity and quality
of Sudan grass under Assiut
conditions.

MATERIALS AND METHODS

Two field experiments were
conducted at the Agricultural Exp.
Farm of El-Azhar Univ. at Assiut
Governorate, Egypt, during successive
summer seasons of 2013 and 2014 to
study the effect of nitrogen fertilizer
rates (N;= 45, N,= 60 and N3= 75 kg
N/fad.) and cutting intervals (The first
cut was taken after D;= 40, D, = 50
and Ds= 60 days from sowing and the
second cut was taken after the same
periods from the first cut).

A split plot layout within
randomized complete block design

with three replications was used. The
main plots were assigned to nitrogen
rates and the sub plots to cutting
intervals. The sub plot unit comprised
five ridges, each 3.5m length and 0.6
m wide (10.5 m? in area = 1/400 fad.).
Sudan grass grains were sown by hand
as the usual dry method of sowing on
one side of ridges (60 x 20 cm) on
June 10 at the two seasons. Grains of
Sudan grass variety were provided by
the Forage Research Division, Field
Crops Research Institute, Giza,
Ministry of Agricultural and Land
Reclamation, A.R.E. The physical and
chemical analyses of soil field
experiments were showed in Table (1).
The nitrogen fertilizer rates in the
form of Urea 46.5 % were applied in
two equal doses where, the first one
was applied after 15 and 30 days (half
and half) and the second was applied
after the first cut. Phosphorus fertilizer
as calcium super-phosphate (15.5%)
was added at rate of 100 kg/fad., as a
basal  application  during  soil
preparation in the first and the second
seasons. Other cultural practices were
carried out as usual for Sudan grass
production under Assiut conditions.
The preceding winter crop was
Egyptian clover (Trifolium
alexandrinum L.) in both seasons.
A - Forage yield and its attributes:
At each cut, the whole plot was
cut and weighted to determine fresh
forage vyield/plot and calculation of
fresh forage yield/fad. at ton. Five
plants were taken randomly from each
plot to determine the growing
characteristics (plant height at cm and
stem diameter at mm) then leaves were
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separated from stems and were taken
as samples. The samples were air dried
for two days after that these dried in
oven at 70 °C until constant weight to

determine leaves and stems dry
weights (g/plant) and subsequently dry
forage yield (t/fad.) was calculated at
the two cutting systems.

Table (1): The physical and chemical analysis of soil field experiments.

Physical analysis

Chemical analysis

Characteristics 2013 2014 Characteristics 2013 2014
Sand (%) 25.00 24.65 Organic matter (%) 1.09 1.02
Silt (%) 39.65 39.00 Available N (ppm) 77.30 74.50
Clay (%) 35.35 36.35 Available P (ppm) 9.70 9.55

Soil texture Clay loam Available K (ppm) 337.31 375.25
ph (sp.m* 7.87 7.88

E.C.(ds.m* 1.15 1.13

Total CaCos (% 250  2.65

B - Forage quality characters:

After the leaves and stems
samples dried and weighted, Leaves:
Stem ratio was calculated using the
following formula:

nitrogen fertilizer rates on all the
agronomic traits measured in this
study in both cuts, with the exception
of leaves dry weight in the first cut and
stem dry weight/plant in the second

dry weight ofdenvetnl#eidit) stem diameter and

Leaves: Stem ratio =

After that, the flowing crude
protein and crude fiber percentages
were determined by using recommend
by A. O. A. C. (1980) in the samples
of leaves and stems in the both cuts.

All obtained data were subjected
to statistical analysis using the
computer MSTAT-C statistical
analysis, the combined analysis of
variance was conducted across the two
seasons as mentioned by Snedecer and
Cochran (1967) mean comparisons
were done using least significant
differences (L.S.D.at 5%).

RESULTS AND DISCUSSION
A - Forage yield and its attributes:
The result in Table (2) reveal that

there were significant effect of

dry weight ofle@ves s aathnste) dry weights/plant

increased with nitrogen fertilizer rate
increasing regularly up to 75 kg N/fad.
in the first and second cut. The tallest
plants i.e. 287.72 and 292.28 cm and
the thickest stems i.e. 12.02 and 12.17
mm were recorded when nitrogen
fertilizer rate was75 kg N/fad. in the
first and second cut, respectively. The
increase of plant height and stem
diameter by increasing nitrogen rate is
could be ascribed to the role of
nitrogen in stimulating cell division
and elongation, consequently
internodes elongation and thickness.
Similar results were recorded by Ayub,
et al. (2009) and Afzal, et al. (2012).
When nitrogen fertilizer was applied at
a rate of 75 kg N/fad., the dry weight
of leaves/plant recorded the highest
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value (27.33 g/plant in the second cut)
as well as the highest value of stem
dry weight/plant (22.83 g/plant in the
first cut). The increase on leaves and
stems on dry weight basis mainly due
to the increase in plant height, stem
diameter and number of leaves/plant.
These results are in agreement with
those reported by El-Khawaga and
Geweifel (1991).

Plant height, leaves and stems dry
weight/plant as shown in Table (2)
exhibited significantly response to
cutting intervals where, there were an
increase by increasing the period from
sowing to first cut as well as first and
second cut intervals. The highest
values of plant height i.e. 324.72 and
316.89 cm for the first and second cut,
respectively were obtained when the
cutting intervals was 60 days. The
highest weight of dry leaves/plant
26.39 g was recorded when the cutting
intervals was 60 days for the first cut
while, in the second cut the highest dry
weigh /plant of leaves 28.33 g was
observed when the cut intervals was 50
days. Stem dry weight g/plant
recorded the highest values 32.22 and
31.83 g/plant when the cutting
intervals 60 days for the first and
second cut, respectively. These
increases in plant height, leaves and
stems dry weight basis may be due to
longer period for 50 and 60 days than
40 days which obtained increasing
cells elongation and dry matter
accumulation in different parts of
plants. These results agree with those
obtained by Ayub, et al. (2009).

The interaction effect between
nitrogen fertilizer rates and cutting

intervals was significantly on plant
height only in the second cut and
stems dry weight/plant in the two cuts.
The tallest plant 329.50 cm was
obtained when cutting period was 60
days after the first cut and nitrogen
fertilizer was applied at a rate of 75 kg
N/fad. while, the shortest plant 206.33
cm was obtained when cutting period
was 40 days after the first cut and
nitrogen fertilizer was applied at a rate
of 45 kg N/fad. (Table 2). At the first
cut, the highest stems dry weight/plant
37.50 g was recorded when cutting
intervals was 60 days and nitrogen
fertilizer was applied at a rate of 75 kg
N/fad. while, the lowest dry weight of
stems/plant 11.00 g was obtained
when cutting intervals was 40 days
and nitrogen fertilizer was applied at a
rate of 45 kg N/fad.. At the second cut,
the highest stems dry weight/plant
33.50 g was recorded when cutting
intervals was 60 days and nitrogen
fertilizer was applied at a rate of 45 kg
N/fad. while, the lowest dry weight of
stems/plant 15.33 g was obtained
when cutting intervals was 40 days
and nitrogen fertilizer was applied at a
rate of 45 kg N/fad..

The results as shown in Table (3)
reveal that fresh and dry forage yields
(t/fad.) responded significantly to
nitrogen fertilizer rates where these
increased regularly by nitrogen rate
increasing up to 75 kg N /fad. in the
two cuts. The increase in fresh forage
yield (t/fad.) of plants supplied with75
kg N /fad. over those received 45 and
60 kg N /fad. were 18.57 and 16.21 %,
respectively in the first cut while, this
increases were 14.54 and 8.71 %,
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respectively over the same respective
nitrogen rates in the second cut. The
increase in dry forage yield (t/fad.) of
plants supplied with75 kg N /fad. over
those received 45 and 60 kg N /fad.
were 22.07 and 24.69 %, respectively

in the first cut while, this increases
were 21.74 and 8.43 %, respectively
over the same respective nitrogen rates
in the second cut. Similar results were
recorded by Shahin, et al. (2013) and
Abou-Amer and Kewan (2014).

Table (2): Effect of nitrogen fertilizer rates and cutting intervals on plant height,
stem diameter, and leaves and stems dry weights/plant of Sudan grass.

Parameters Plant height (cm) Stem diameter Leaves dry Stems dry
(mm) weight g./plant  weight g./plant
Treatment Cuty Cut, Cuty Cut, Cuty Cut, Cuty Cut,
Nitrogen Fertilizer Rate (kg N/fad.)
N, 276.33 273.67 10.40 1058 2294 2322 1989 2594
N> 285.61 285.94 1156 11.32 23.83 2561 19.33 28.28
N 287.72 292.28 12.02 1217 24.06 2733 2283 28.44
LSD at g5 8.38 6.23 1.19 1.05 -- 1.08 1.42 --
Cutting Intervals (days)
D, 217.22 233.00 10.71 1092 2150 2328 12.00 19.50
D, 307.72 302.00 11.49 11.24 2294 2833 1783 31.33
Ds 32472 31689 11.78 1191 26.39 2456 32.22 31.83
LSD at g5 9.36 10.74 -- -- 1.86 1.45 1.56 2.14
Interactions
N;D; 206.50  206.33 10.06 9.94 20.67 20.83 11.00 15.33
N;D, 308.17 298.67 10.60 10.63 20.83 25.33 18.00 29.00
N;Ds 31433  316.00 1055 11.17 27.33 2350 30.67 33.50
N,D; 219.17 24750 10.77 1079 2233 2350 12.83 19.00
N,D, 302.00 305.17 11.69 11.39 2433 29.67 16.67 32.83
N,Ds 335.67 305.17 1221 11.78 2483 23.67 2850 33.00
NsD; 226.00 245,17 11.30 12.03 2150 2550 1217 24.17
NsD, 313.00 302.17 1219 11.69 23.67 30.00 18.83 32.17
N3Ds 32417 32950 1256 12,78 27.00 26,50 37.50 29.00
LSD at g5 -- 18.60 -- -- -- -- 2.71 3.71
The time of cut exhibited and 60 days compared to 40 days from

significant effect on fresh and dry
forage yields (t/fad.) in both cuts,
Table (3). Fresh and dry forage yields
(t/fad.)  increased gradually by
increasing the period from sowing to
first cut up to 60 days. The increase in
fresh forage yield for cutting time 50

sowing were 42.68 and 74.65 %,
respectively, while, the increase in dry
forage yield for cutting time 50 and 60
days compared to 40 days from
sowing were 69.40 and 206.94 %,
respectively. At the second cut, fresh
and dry forage vields (t/fad.) increased
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significantly by increasing the cutting
intervals where the highest yields were
obtained when the cut time was 50
days after the first cut, without
significant difference between 50 and
60 days for fresh forage yield. The
increase in fresh forage vyield for
cutting time 50 and 60 days compared
to 40 days from the first cut were

20.00 and 17.51 9%, respectively,
while, the increase in dry forage yield
for cutting time 50 and 60 days
compared to 40 days from the first cut
were 55.96 and 43.73 %, respectively.
These results are in line with the
results found by Gamal and Abdel-
Galil (2001) and Ayub, et al. (2009).

Table (3): Effect of nitrogen fertilizer rates and cutting intervals on fresh and dry
forage yields (t/fad.) and leaves/stem ratio of Sudan grass.

Parameters Fresh forage yield Dry forage yield Leaves/stem
(t/fad.) (t/fad.) ratio
Treatment Cuty Cut, Cut, Cut, Cuty Cut,
Nitrogen Fertilizer Rate (kg N/fad.)
N, 31.02 19.94 5.71 3.91 1.32 0.95
N, 31.65 21.01 5.59 4.39 1.38 0.96
N3 36.78 22.84 6.97 4,76 1.26 0.98
LSD at (5 1.90 2.25 0.85 0.25 -- --
Cutting Intervals (days)
D, 23.83 18.90 3.17 3.27 1.81 1.23
D, 34.00 22.68 5.37 5.10 1.31 0.88
Ds 41.62 22.21 9.73 4.70 0.84 0.79
LSD at g5 2.27 0.96 0.50 0.27 0.14 0.12
Interactions
N:D; 21.99 15.31 2.94 2.46 1.90 1.36
N:iD; 32.85 22.20 5.19 4.64 1.17 0.80
N1Ds 38.21 22.32 8.99 4.64 0.90 0.70
N2D; 22.20 18.92 2.89 3.35 1.75 1.24
N2D, 31.95 21.96 4.73 5.03 150 092
N2Ds 40.80 22.17 9.15 4.80 088 073
NsD; 27.29 22.49 3.67 4.01 177 1.08
H3BZ 37.21 23.89 6.18 562 127 094
33 45.85 22.15 11.05 4.65 0.73 0.94
LSD at g5 - 1.66 -- 0.47 -- 0.20

Fresh and dry forage vyields
(t/fad.) were significant affected by the
interaction between nitrogen fertilizer

rates and cutting intervals in the
second cut only. The highest fresh and
dry forage yields (23.89 and 5.62
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t/fad., respectively) were obtained
when nitrogen fertilizer was applied at
a rate of 75 kg N/fad. and cutting
intervals was 50 after the first cut.

B - Forage quality characters:

The results in Tables (3 and 4)
show that no significant effect for
nitrogen fertilizer rates on quality
characters of forage in both cuts
except, leaves crude protein percent in
the first cut and leaves crude fiber % in
both cut. Crude protein content in
leaves increased when nitrogen rates
increased up to 75 kg N/fad. in the first
cut. The increase in crude protein due
to the addition of N may be attributed
to the beneficial effect of non protein
formation. These results agree with
those reported by Ayub, et al. (2009)
and Abou-Amer and Kewan (2014).
The crude fiber in leave% increased
when nitrogen rates increased up to 75
kg N/fad. in the both cuts, without
significant difference between a rate of
nitrogen of 45 and 60 kg N/fad. in the
first cut and between a rate of nitrogen
of 60 and 75 kg N/fad. in the second
cut.

The obtained results in Table (3
and 4) point that there were
significantly effect of cutting intervals
on all quality characters i.e.
leaves/stems ratio and crude protein
and fiber percentages in leaves and
stems in the two cuts, except leaves

crude protein% in the first cut was no
significant. Leaves/stems ratio, stems
crude protein% in the both cuts and
leaves crude protein% in the second
decreased gradually by cutting
intervals increasing. The decrease in
protein contents may be due to dilution
factor. A decrease in protein contents
with delaying the harvest has also been
reported by Ayub, et al. (2009) and
ArshadUllah, et al. (2010). On
contrary that, crude fiber % in leaves
and stems increased by the cutting
intervals for the first and second cut.
These findings are in a good line with
those obtained by Ayub, et al. (2009)
and ArshadUllah, et al. (2010).

The interaction  between
nitrogen fertilizer rates and cutting
intervals had significantly effect on
leaves/stems ratio in the second cut
only, crude protein% in leaves and
crude fiber% in stems in the first cut
only.

CONCLUSION

The nitrogen application
improved the forage yield and quality
characters, whereas, delaying the cut
increased yield but decreased the
forage quality. Keeping in view both
yield and quality the Sudan grass var.
Giza-2 may be fertilized at the rate of
75 Kg N/fad. and cutting at 60 and 50
days from sowing and the first cut,
respectively.
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Table (4): Effect of nitrogen fertilizer rates and cutting intervals on crude protein
and crude fiber in leaves and stem of Sudan grass.

Parameters  Crude protein ~ Crude protein  Crude fiber in Crude fiber in
in leaves% in stem% leaves% stem %
Treatment Cut; Cut, Cut; Cut, Cut; Cut, Cut; Cut,
Nitrogen Fertilizer Rate(kg N/fad.)

N, 10.62 9.65 4.24 481 23.97 2458 26.33 26.67

N, 10.79 9.89 4.76 499 23.15 26.02 26.33 27.33

Ns 11.39 996 4.77 5.34 24.69 26.34 26.74 27.08
LSDatges 0.34 - - - 0.97 0.90 - -

Cutting Intervals(days)

D, 10.89 10.61 5.24 597 21.38 2208 2271 2353

D, 10.96 955 444 473 23.65 26.65 27.24 28.03

D3 10.96 9.35 4.10 444  26.78 28.21 2945 29.52

LSD at g5 - 0.32 047 056 0.93 0.78 0.53 0.66

Interactions

N;D; 1093 10.22 480 533 2153 20.93 2348 23.30

N:D; 10.73 952 4.18 453 2324 2497 26.33 27.58

N1Ds 10.21 922 375 456 2714 27.83 29.20 29.14

N2D; 10.19 10.82 5.67 6.39 2045 2244 2164 23.80

NoD2 1114 943 463 453 2234 2760 2732 28.36

NoDs 1104 943 398 404 2664 2804 3004 29.82

NsDi 9954 1081 524 620 2214 2286 23.00 23.50

NsD> 1700 970 450 513 2538 27.37 2809 28.16

NaDs 1963 939 458 471 2655 2878 2012 29.60
LSDatges 0.66 - - - - - 0.91 -
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