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Abstract: Sowing methods and harvesting times are the important management considerations for getting the optimum
yield and quality of fodder crops. This study, investigated the influence of sowing methods and harvesting times on the
growth, yield and quality of sweet sorghum. Chinese sweet sorghum was grown by broadcast method, 30 cm apart lines
and 45 cm apart lines and harvested after 60, 75 and 90 days after sowing, respectively. All the tested sowing patterns
and harvesting times considerably affected the growth, yield and quality of sweet sorghum. However, sowing in 30 cm
apart rows produced maximum leaves per plant (13.09), fresh forage yield (38.1 t ha™), dry matter yield (4.85 t ha™),
crude proteins (8.9%), ash contents (11%) and sugar contents (12.8%), respectively. Similarly, harvesting after 90 days
of sowing gave highest leaves per plant (14.72), fresh forage yield (45.1 t ha™'), dry matter yield (5.60 t ha™), ash
contents (12.2%) and sugar contents (14.1%), respectively. These results suggested that sowing in 30 cm apart lines
and harvesting after 90 days of sowing improved the growth, yield and quality of sweet sorghum under the semiarid

region of Faisalabad.
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INTRODUCTION

In support of a more competent as well as prolific
livestock industry production of enormous amount as
well as high quality forage is the basic necessity. Area
under fodder crops is about 2.35 million hectares in
Pakistan which is 12% of the total cropped area of
Pakistan [1]. However, forage shortage is continuously
on rise and area under fodder crops is decreasing at
the rate of 2% per decade [2]. If the total available feed
from all sources is compared with the normal appetite
of the animals, the inescapable conclusion is that on an
average the animals are undernourished. The deficit is
variously estimated at 30-50% of their requirement in
terms of nutrients [3]. The shortage in quality and
quantity of animal feed causes low reproductive and
production performance of animals [4].

Sorghum (Sorghum bicolor L.) is a warm-season
crop. It is a short-day, annual and C-4 photosynthetic
pathway plant Balole et al. [5], moreover, it also
comparatively grows best in radiance environment and
high temperature [6]. The advantages of this crop are
that it can be grown with limited water supplies and
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minimal inputs and it can be harvested after four
months. There are many factors that are responsible
for the low forage yield of sorghum, such as subs-
tandard methods of sowing, improper stage of harve-
sting, poor crop stand, malnutrition and lack of high
yielding varieties. Thus, there is dire need to address
these problems for getting the maximum forage yield.

Sowing method plays a crucial role in the
productivity of fodders as it effects, the germination,
stand establishment and plant population. Afzal et al.
[7] reported maximum improvement in forage yield and
quality with drill sowing at 30 cm apart rows as
compared to broadcast method. Similarly, Rashid et al.
[8], reported that pattern of 30 cm spaced sorghum
gave maximum yield and was the proficient practice for
the utilization of available resources and to exploit soil
potential. Moreover, Ahmed et al. [9] also reported
maximum forage yield and better quality in the planting
technique of 45 cm apart rows than the broadcasting
and 15 cm apart rows. Meanwhile, Ayub and Shoaib
[10] reported best quantity and quality of forage
sorghum with 30 cm apart rows.

Improper harvesting stage substantially reduced the
forage yield, dry matter yield and the quality of the
produce. The effect of harvesting time on the chemical
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composition of fodder is greater than cultivars [11].
Delaying the harvest increased yield but decreased
quality parameters [12]. Similarly, selection of proper
harvesting interval improves the green forage yield as
well as crude protein [13]. Roa et al. [14] reported a
significant difference in fresh forage yield, dry matter
yield and chemical composition with varying harvesting
stages. Moreover, they found highest fiber contents
after physiological maturity. Thus, this study was
planned to determine the effect of different sowing
methods and harvesting times on forage yield and
quality of sweet sorghum.

MATERIALS AND METHODS

Experimental Site, Soil and Weather Conditions

The experiment was carried out at Agronomic
Research Area, University of Agriculture, Faisalabad
situated at the latitude of 31° 26' N, longitude, 73° 06' E
and an altitude of 184.4 m from sea level. This study
was conducted during the summer season of 2014.
Prior to sowing physico-chemical analysis of
experimental soil was done. Composite and
representative soil samples to a depth of 0-20 cm were
obtained with soil augar. Soil samples were analyzed
for its various physico-chemical properties using
standard procedures [15]. The soil was sandy clay
loam, having pH (7.91), Ec (1.18 dS m'1), organic
matter (0.76%), available nitrogen (0.079%), available
phosphorus (21 ppm) and available potash (43 ppm)
respectively. The study site comes under semi-arid
region, the weather conditions during the experimental
period are given in Table 1.

Experimental Design and Treatments

The experiment was laid out in randomized
complete block design with factorial arrangement. The
net plot size was 1.8 x 6 m. The experiment was
comprised of three different sowing methods, i.e., S1=
broadcast, S,= line sowing at 30 cm and S;= line
sowing at 45 cm and three harvesting times, i.e., H1=60
days after sowing, H,=75 days after sowing and H3=90
days after sowing.

Crop Husbandry

Seed bed was prepared by cultivating the field for 3-
4 times with tractor mounted cultivator, each followed
by planking. Sweet sorghum seed was taken from
Department of Plant Breeding and Genetics, University
of Agriculture Faisalabad. Seed was sown on 27" June
2014 with seed rate of 75 kg ha'. Seed was
broadcasted manually according to the treatments,
while hand drill was used for sowing in lines. Three
irrigations were applied during the growing season.
Recommended dose of NPK at the rate 90:60:45 kg
ha” was applied to all experimental plots uniformly. All
the phosphorus, potash and half of nitrogen was
applied as a basal dose, while remaining half of the
nitrogen was applied with 1% irrigation. All other
agronomic practices except those under observation
were kept normal and uniform for all treatments. To
keep the crop free of weeds, one hand weeding was
carried out. Three harvestings of sorghum was carried
out respectively at 60, 75 and 90 days after sowing.

Observations and Data Analysis

The data on plant population, plant height, stem
diameter, leaves per plant, leaf area, dry matter (%),
fresh forage yield and dry matter yield were recorded
by the standard procedures. A chemical analysis of
samples was carried out for quality evaluation by
following standard procedures [16]. Collected data
were analyzed statistically by using Fisher’s analysis of
variance technique and treatment's means were
compared by least significant difference (LSD) at 5%
probability level [17].

RESULTS

Sowing methods and harvesting times had
significant effect on the growth attributes of sorghum
(Table 2). The maximum plant population (46.16 m2),
plant height (198.91 cm) and leaves per plant (13. 09)
were recorded in 30 cm apart rows, while in case of
harvesting times maximum plant population (37.27 m2),
plant height (213.02 cm) and leaves per plant (14.72)
were recorded 90 days after harvesting (Table 2).

Table 1:Prevailing Climatic Conditions of the Experimental Site during Crop Growing Seasons for the Year 2014

Months Monthly Mean Max. Monthly Mean Min. Monthly Avg. Temp R.H (%) Rainfall (mm)
Temp (°C) Temp (°C) (°C)
Jun-21014 40.9 28.1 34.5 33.5 71
Jul-2014 37 28 32.5 53.9 57.5
Aug-2014 37.1 27.3 32.2 52.7 4.8
Sep-2014 33.9 24.5 29.2 61.2 140.2
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However, the minimum values for these parameters
were recorded in broadcast sowing and harvesting
after 60 days of sowing.

There was also significant effect of sowing
techniques and harvesting times on the leaf area and
stem diameter. Line sowing in 30 apart rows
significantly improved the leaf area and stem diameter
by, 12.32% and 7.65% over broadcast method,
similarly, harvesting after 90 days remarkably
increased the leaf area and stem diameter by 73.28%
and 38.72% over harvesting after 60 days of sowing.
Moreover the minimum values of leaf area and stem
diameter was recorded from the plots where seed was
broadcasted manually and harvesting was done after
60 days of sowing (Table 2).

Similarly, sowing technique and harvesting timing
appreciably affected the fresh weight per plant, dry
weight per plant and dry matter percentage. The
highest values of fresh weight per plant (258.56 g), dry
weight per plant (33 g) and dry matter percentage
(13.18%) was obtained from line sowing in 30 cm apart
rows, whereas, in harvesting times the maximum fresh
weight per plant (299.33 g), dry weight per plant (39.8
g) and dry matter percentage (14.15%) were recorded
from the plots harvested after 90 days of sowing (Table
2). Likewise, the minimum fresh weight per plant, dry
weight per plant and dry matter percentage was
recorded with broadcast sowing and harvesting after 60
days after sowing.

Fresh forage yield and dry matter yield of sorghum
was significantly affected by sowing methods and

harvesting times. The increase of 30.47% and 9.48%
was recorded in fresh forage yield and dry matter yield
with line sowing in 30 cm apart rows as compared to
the broadcast sowing. Moreover, fresh forage yield and
dry matter yield was increased with the passage of
time. A significant increase of 95.23% and 61.84% in
forage and dry matter yield was recorded after 90 days
of sowing as compared to the 60 days after sowing
(Table 2). Moreover, the minimum increase in fresh
forage and dry matter yield was registered with
broadcast sowing and harvesting after 60 days of
sowing.

Sowing methods and harvesting times markedly
affected the quality attributes of sorghum (Table 3).
The highest value of crude protein (8.9%), crude fiber
(26.1%), ash (11%) and sugar contents (12.8%) was
recorded with line sowing in 30 cm apart rows, while
the minimum values of these parameters were
recorded from broadcast sowing. Similarly, in case of
harvesting times maximum crude protein (10.1%) was
recorded 60 days after sowing, whereas maximum
crude fiber (32%), ash (12.2%) and sugar contents
(14.1%) were recorded 90 days after sowing.
Meanwhile the minimum protein contents were
observed 90 days of sowing, while lowest fiber ash and
sugar contents were recorded after 60 days of sowing
(Table 3).

DISCUSSION

Sowing methods significantly affected the plant
population, while harvesting times had no considerable
effect on the plant population (Table 2). The difference

Table 2: Influence of Sowing Methods and Harvesting Times on the Growth and Yield Attributes of Sweet Sorghum
Plant Plant Leaves Leaf area Stem Fresh Dry Dry Fresh Dry
population height per plant (mz) diameter weight weight matter% forage matter
(mz) (cm) (cm) per plant per plant yield yield
(9) (9) (tha') (tha')
Sowing methods
S, 38.16 b 183.17 b 11.00 b 3423.3b 1.96 a 253.11 31.7ab 12.37b 29.2b 443¢c
S, 46.16 a 198.91 a 13.09 a 3845.1 a 211b 258.56 33.0a 13.18 a 38.1a 4.85a
S;3 2711¢ 193.32 a 11.94b 3533.1b 1.97 a 240.11 31.1b 12.97 ab 32.6b 4.53b
LSD (P <0.05) 0.96 6.49 1.57 130.58 0.15 NS 1.66 0.63 5.05 0.05
Harvesting intervals
H,4 37.11 170.12¢c 945c¢ 2591.0c 1.73¢c 195.00 ¢ 23.3¢c 11.22¢ 23.1¢ 3.46¢c
H, 37.05 192.26 b 11.86 b 3720.7 b 1.90 b 257.44 b 32.6b 13.15b 31.7b 4.75b
H, 37.27 213.02 a 1472 a 4489.7 a 240a 299.33 a 39.8a 14.15a 451a 5.60 a
LSD (P <0.05) NS 6.49 1.57 130.58 0.15 18.54 1.66 0.63 5.05 0.05

Means sharing the same letter for a single parameter do not differ significantly at P < 0.05.

S, = Broadcast, S, = Line sowing at 30cm, S; = Line sowing at 45cm, H.= Harvesting after 60 days of sowing, H,= Harvesting after 75 days of sowing, H;=

Harvesting after 90 days of sowing, NS: Non-significant.
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Table 3: Influence of Sowing Methods and Harvesting Times on the Quality Attributes of Sweet Sorghum

Treatments Crude protein% Crude fiber% Ash% Sugar%
Sowing methods
S, 7.8 25.5 10.8 a 12.3
S, 8.9 26.1 11a 12.8
S 8.1 26.9 99b 12.7
LSD (P <0.05) NS NS 0.83 NS
Harvesting intervals
H,4 10.1a 20.1¢ 9.0¢c 10.6 ¢
H, 76b 26.4 b 10.5b 13.1b
H; 7b 32a 12.2a 14.1a
LSD (P <0.05) 0.76 1.65 0.83 0.66

Means sharing the same letter for a single parameter do not differ significantly at P < 0.05.
S, = Broadcast, S, = Line sowing at 30cm, S; = Line sowing at 45cm, H.= Harvesting after 60 days of sowing, H,= Harvesting after 75 days of sowing, H;=

Harvesting after 90 days of sowing, NS: Non-significant.

in plant population in this study by sowing methods
may be due to competitive behavior between plants for
light, nutrients and moisture. Similarly, Igbal, [19] also
found maximum plant population in 30 cm apart lines
than the other sowing techniques. The difference for
plant height among the sowing methods can be due
cultivation practice, and prevention of lodging in line
sowing as compared to the broadcasting. These results
are in line with previous findings of Ayub et al., [20]
who reported a remarkable effect of sowing methods
on the plant height of sorghum. Similarly, plant height
also increased with the passage of time and plants
reached to maximum extant at maturity (Table 2). A
considerable variation in leaves per plant was recorded
as a result of sowing patterns. This difference in leaves
per plant can be due to less crop competition in line
sowing as compared to broadcasting. This can also be
due more interception of light, better availability of
nutrients, water and better root growth in line sowing as
compared to broadcasting, which resulted in more
leaves per plant. These results are in line previous
findings of Ayub et al., [20], Keerio and Singh [21], who
found a significant effect on number of leaves per plant
with different planting pattern. Similarly, the number of
leaves per plant were increased by delaying the
harvest and increased to maximum extent at final
harvesting (Table 2). The more number of leaves per
plant with delaying the harvest may be due to increase
in number of nodes, more photosynthesis and
availability of more time period of sunlight. These
results are in consistence with previous findings of
Makeri and Ugherughe [22] and Ayub et al., [12] they
reported significant increase in number of leaves per
plant with delaying harvesting.

The planting patterns and harvesting intervals had
considerable effect on the leaf area. The reason for
more leaf area in crop sown in 30 cm apart rows as
compared to others planting patterns might be due to
better light interception, more photosynthesis and less
shading effect as compared to broadcast. These
results are in line with Singh and Jadhav [23], who
reported maximum leaf area index with optimum
spacing intervals. Similarly, harvesting time also had
considerable influence on the leaf area. Leaf area
increased steadily and reached to maximum extent
after 90 days after sowing (Table 2). This increase in
leaf area with the delayed harvesting might be due to
fact that plant received more light and ultimately
produced the more leaves and leaf area. These results
are in consistence with previous findings of Botha and
Rethman [24] who reported a substantial increase in
leaf area with the delayed in harvesting. Similarly,
planting patterns also had significant effect on the stem
diameter; this difference can be ascribed to better
growth in proper planting patterns as compared to the
broadcasting. Similarly, Ayub and Shoaib [10] also
reported a significant difference for stem diameter of
sorghum sown with different sowing methods. Similarly,
the maximum stem diameter was recorded from the
plants harvested after 90 days after sowing. Similarly,
this increase in stem diameter with the passage of time
might be due to more time given to crop in field for
growth and development. Igbal [19] also reported
significant increase in stem diameter with delayed
sowing.

Likewise considerable variation in fresh and dry
weight per plants was recorded with different planting
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patterns and harvesting times. The maximum fresh and
dry weight in line sowing can be due to better growth of
plants, which resulted in more biomass accumulation
as compared to the broadcasting. Similarly, weight per
plant increased steadily with the passage of time and
reached to maximum extent at 90 days after sowing.
This increase in plant weight with passage of time can
be ascribed to more increase in plant height, stem
diameters and leaves per plant. Similarly, the increase
in dry weight per plant can be due to increased fresh
weight of plants. These results are in confirmation with
Igbal, [13] who reported significant difference of
planting pattern and harvesting times on the plant fresh
and dry weight. The planting patterns and harvesting
times also had considerable influence on the dry matter
percentage of sorghum (Table 2). The better dry matter
percentage in line sowing and delayed harvesting could
be due to better fresh forage and dry matter vyield.
Abbas, [26] also found substantial difference in dry
matter percentage with varying planting patterns.

Results indicated a significant influence of sowing
methods and harvesting times on the fresh forage and
dry matter yield of sorghum (Table 2). The maximum
increase in fresh forage yield with line sowing might be
due to better plant population, weight per plant and
leaves per plant. Similarly, Ram and Sing [27] also
reported considerable higher forage yield with 30 cm
apart lines as compared to the broadcast method. The
fresh forage yield was also increased with the passage
of time and reached to maximum extent at maturity
(Table 2). This increase in fresh yield can be ascribed
to healthier plants, increase in leaf area and plant
height with the passage of time. The increase in forage
yield with delayed harvesting had also been reported
by Keshwa and Yadav [28]. Similarly, the increase in
dry matter yield was due to the increase in fresh forage
yield. These results are consistence with previous
findings of Singh and Jadhav, [23] who reported
significant difference in dry matter yield with different
planting patterns, moreover, Ayub et al., [12] also found
substantial difference in dry matter yield with the
delayed harvesting.

Although, sowing methods had non-significant effect
on the crude protein contents (Table 3). On the other
hand crude proteins decreased significantly with the
passage of time and all the harvesting times behaved
differently for the crude protein contents (Table 3). A
significant decrease in protein contents with advanced
maturity had been reported by Ayub [12]. Similarly, the
planting patterns also had no considerable effect on the
crude fiber contents, on the other hand fiber contents

increased significantly with the delayed harvesting.
Similarly, Ayub et al., [12] also reported substantial
increase in crude fiber contents with delaying maturity.
Sowing methods considerably influenced the ash
contents (Table 3). The maximum increase in ash
contents with the line sowing can be due to better
accumulation of biomass than the broadcast sowing.
Similarly, ash percentage increased remarkably with
the passage of time and reached to maximum extant at
maturity (Table 2). An increase in ash contents with
delayed harvesting has also been reported by Ayub et
al., [12]. Likewise, sowing methods had non-significant
effect on sugar percentage, while on the other hand
sugar contents increased considerably with the delayed
harvesting and reached to maximum extent after 90
days of sowing (Table 3). These results are in
accordance with previous findings of McCormick et al.,
[29] and Butler and Bean [30] who reported a
substantial increase in sugar percentage with
advancing the maturity.

CONCLUSION

In conclusion, sowing methods and harvesting times
significantly affected the growth, yield and quality of
sorghum. However, sowing in 30 cm apart rows and
harvesting after 90 days of sowing considerably
increased the growth, forage yield and quality of sweet
sorghum than the rest of harvesting times and plating
patterns.
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