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ABSTRACT

This field experiment was carried out in kharif 2013 and 2014 in order to gain the better
understanding of the effect of various levels phosphorus fertilizer on yield and nutritional
values of sorghum fodder at three cuttings. The experiment was conducted using five levels of
phosphorus fertilizer viz. 0 (T1), 40 (T2), 80 (T3), 120 (T4) and 160 (T5) kg P2O5 per ha in RBD.
A significant effect of phosphorus fertilizer application on plant height was observed with 120
kg P2O5 ha-1 at 60 days in 1st cutting and at 15 and 30 days in both 2nd and 3rd cuttings after 1st

cutting. Significantly higher green fodder yield and dry matter yield were obtained at 120 kg
P2O5 ha-1 in all the three cuttings. Similarly significantly higher total green fodder yield (41.69
MT ha-1) and dry matter (6.16 MT ha-1) were obtained in T4i.e 120 kg P2O5 ha-1 . Total green
fodder yield at 120 kg P2O5 ha-1 was increased by 35.5%, 20.6%, 14.7% and 17% over the
green fodder yield at 0, 40, 80 and 160 kg P2O5 ha-1. Significant difference in CP content was
observed in 1st and 2nd cutting but in 3rd cutting the difference was not significant. However
higher crude protein (CP) content was recorded at 120 kg P2O5 ha-1 in all the three cases. Crude
fibre (CF) content was decreased significantly with the increased dose of phosphorus in all the
three cuttings. Effect of phosphorus on total ash (TA) content was found non significant in all
the three cuttings. Ether extract (EE) and Nitrogen free extract (NFE) were increased
significantly with the application of phosphorus in all the three cuttings. Though highest EE
value was recorded at 160 kg P2O5 ha-1 but significantly highest NFE was observed at 120 kg
P2O5 ha-1 in all the three cuttings of sorghum. Based on the above findings it can be concluded
that application of phosphorus at the rate 120 kg ha-1 significantly increase the green fodder
yield as well as the nutritional values of sorghum.
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INTRODUCTION

Maintenance of good health and productivity of livestock are closely linked with quantum and
quality of green forages. The present scenario of forage production and utilization in India is
not encouraging. Availability of good quality green forages is far less than that of
requirement. As a result our cattle are left under-fed and maintained poorly. This problem is
becoming more acute because of steady rise in cattle population and diversion of more areas
to food crops for human consumption. Therefore, cultivation of quick growing good quality
forage is urgently needed to cope up with the shortage of green forages. Fodder sorghum
(Sorghum bicolor) is characterised by quick growth, high yield and dry matter content,
leafiness and better palatability (Mukherjee and Maiti, 2009).

Mainly six agro-climatic sub-regions are there in West Bengal state, namely: i) the Northern
hilly zone, ii) the Terai-Teesta flood plain, iii) the new Gangetic flood plain, iv) the Coastal
flood plain, v) the Vindhya old flood plain and v) the undulating Lateritic sub-regions of the
Eastern Plateau Region (SenGupta, 2001).The new Gangetic flood plains consist the districts
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of Nadia, Murshidabad, Hooghly, eastern part of Burdwan and Birbhum, northern part of
North 24 Parganas and part of Malda, Howrah and South 24 Parganas. This zone is
characterized by dry humid climate, flat, fertile loam or clayey loam soil with soil depth of 4-
6 ft and good water holding capacity, pH nearly neutral and having annual rainfall of 1300-
1600 mm

Phosphorus is one of the major plant nutrients after nitrogen and is the second most deficient
plant nutrient (Muniret al., 2004). The optimum rate of phosphorus application is important in
improving the yields of most crops (Cisaret al., 1992).The yield and nutritional values of
fodder varies due to many factors like soil, plant density, fertilizer dose, growing season and
stage of maturity. Among them, phosphorus application is most important which directly
contributes to the quality and quantity of fodder production. In a plant, phosphorus is a
common component of many organic compounds. Phosphorus deficiency however significantly
reduce the plant growth (Marschner,1997). Phosphorus plays an important role in
photosynthesis and synthesis of nucleic acids, lipids,proteins and other important compounds
(Guinn,1984). The phosphorus is immobile in the soil and due to its immobility the unused phospho
rus applied as fertilizer that remains in the soil becomes available for the next crops (Read et al.,1
973). According to Hamid and Sarwar (1977), the crop uses only 15-33 % of the applied P and the rest results
in the buildup of residual P.

Application of phosphorus fertilizer gradually increase plant height, stem diameter, number of
leaves per plant, leaf area and fodder yield (Khalid et al., 2003). Das et al., (1996) observed
that response of phosphorus onsorghumwas strongly influenced by soil P as well as applied P
level and was similar at three physiological stages viz. Boot leaf initiation, 50 percent
flowering and maturity. Keeping all the above in mind, the present study was planned to
assess the yield and quality attributes of sorghum fodder as influenced by different levels of
single super phosphate as a source of phosphorus fertilizer at three crop cutting stages.

MATERIALS AND METHODS

The experiment was conducted in the University farm at Mohanpur, Nadia, West Bengal
(22.93°N and 88.53°E) duringkharif 2013 and 2014. The texture of the soil is loamy soil and
almost neutral in nature. The experiment was carried out with five levels of phophorus
fertilizer viz. 0 (T1), 40 (T2), 80 (T3), 120 (T4) and 160 (T5) kg P2O5 per ha in the form of
Single Super Phosphate (SSP) per in Randomized Block Design usingmulticut sorghum
variety SSG-59-3 (meethisudan). Doses of nitrogen and potash were applied at the rate of 80
kg and 35 kg per ha respectively. During final land preparation required amount of
phosphorus (as per treatment), one-half of recommended dose of nitrogen (40 kg), full amount
of potash (35 kg) were applied and rest half of nitrogen was applied 5 weeks later as top
dressing. Subsequently, after 15 days after each cutting, nitrogen was applied at the rate of 40
kg/ha as top dressing. Seeds of sorghum were broadcastedat the seed rate of 50kg ha-1 after
land preparation and fertilizer application. Plant height was measured every fortnightly. Green
sorghum fodder in each plots were harvested on 65th day after sowing (1st cut), and then 2nd

and 3rd cut after every 40 days. After each cutting, green biomass weight was recorded and
representative sample of fodder were taken. Samples were dried in sun and sieved through 40
mm mesh.
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Quality parameters like dry matter (DM), crude protein (CP), crude fibre (CF), ether extract
(EE) total ash (TA) and nitrogen free extract (NFE) of the samples were determined according
to AOAC (1990).The dry matter was determined by drying the samples at 80oC till constant
weight. Crude protein was estimated by micro ‘Kjeldhal’ method. The percent of nitrogen
indicated the estimation of CP. The ether extract in a sample was determined by extracting
with diethyl ether at 60oC in ‘Soxhlet’s apparatus’. For crude fibre, sample was reflexed first
with 1.25% H2SO4 and subsequently with 1.25% NaOH for 30 min each to dissolve the acid
and alkali soluble component present in it. The residue containing CF was dried to a constant
weight, and the dried residue was ignited in muffle furnace, loss of weight on ignition was
calculated to express it as CF. For ash, sample was ignited in muffle furnace at 550oC to burn
all the organic matter and leftover was weighed as ash. The Nitrogen Free Extract (NFE) was
calculated by subtracting the sum of CP, EE, CF and ash from the sample weight on dry
matter basis.The observations on yield and other parameters were calculated using SPSS
softwere, IBM Inc. 2009 and least significant difference was computed at p≤0.05 as described
in Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Plant height

From the experiment it was observed that application of P fertilizer had significant effect on
plant height of sorghum at all the three cuttings. Roy and Khandaker (2010) also recorded the
same result of P fertilizer on all the three cuttings of sorghum fodder. In first cutting, P
fertilizer application had a significant effect at 60 days stage though the effect was non-
significant at 15, 30 and 45 days stage. In the first cutting tallest plant was recorded (150.35
cm) with the application of 120 kg P2O5ha-1 and the shortest plant (135.54 cm) at control
(without P) plots (Table 1). A significant effect of P application on plant height of sorghum
fodder was also observed in 2nd and 3rd cutting. The plant height was gradually increased with
increasing levels of phosphorus up to 120 kg P2O5 ha-1 and then it was not increased with
further application of phosphorus fertilizer. Similar responses were also obtained by Dwivedi
et al. (1997) and Roy and Khandaker (2010). Similarly Sairam et al. (1984) reported that the
plant height of fodder cowpea was increased with the increasing P application.

Green forage yield and dry matter yield

Application of P fertilizer had significant effect on green forage yield of sorghum in all the
three cuttings as well as the total yield of green forage. Similarly, Roy and Khandaker (2010)
also observed the significant effect of P application on total yield of green forage of sorghum
influenced by increasing level of phosphorus fertilizer.  Significantly, higher green forage
yield of sorghum (30.15 MT ha-1) was recorded at120 kg P2O5 ha-1 and lowest (25.12 MT ha-1)
at T1i.econtrol in 1st cutting [Table 1].Similar trend was also found in 2nd cutting and 3rd

cutting. Significantly higher total green forage yield (41.39 MT ha-1) was recorded at 120 kg
P2O5 ha-1 followed by that (36.35 MT ha-1)of 80 kg P2O5 ha-1and lowest total green forage
yield (30.76 MT ha-1) at control or no application of P fertilizer (Table 1) due to the fact that
phosphorus induced higher growth in sorghum plant.Total green fodder yield at 120 kg P2O5

ha-1 was increased by 34.5%, 19.8 %, 13.9 % and 16.2 % over the green fodder yield at 0, 40,
80 and 160 kg P2O5 ha-1. Similar results were found bySairam et al. (1984); Bhardwaj et al.
(1995) and Khot et al. (1997) and they reported that green fodder yield of pangola grass was
increased significantly with increased level of P fertilizer. The result of present study was also
supported by the earlier
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Table 1: Effect of different phosphorus levels on plant height, green fodder yield and dry
matter yield of sorghum fodder (pooled over two years)

Treatments S.Em
(±)

C.D
(p=0.05)T1 T2 T3 T4 T5

1st Cutting

Plant height (cm)

15 DAS 26.41 27.23 27.81 28.12 27.23 0.87 NS

30 DAS 43.27 44.22 44.09 45.43 45.01 1.92 NS

45 DAS 82.12 83.15 83.04 84.25 83.12 1.94 NS

60 DAS 135.54 138.22 146.51 150.35 147.24 2.63 5.55

Yield (mt/ha)

Green Forage 25.12 26.25 27.65 30.15 27.12 0.97 2.05

Dry Matter 3.77 4.08 4.18 4.52 4.09 0.19 0.40

2nd Cutting

Plant height (cm)

15 DAS 30.44 32.25 35.45 38.65 34.12 1.01 2.14

30 DAS 48.15 53.42 55.63 62.48 57.13 1.92 4.05

Yield (mt/ha)

Green Forage 2.92 4.25 4.45 5.82 4.38 0.39 0.82

Dry Matter 0.42 0.61 0.64 0.86 0.62 0.11 0.23

3rd Cutting

Plant Height (cm)

15 DAS 31.40 32.52 35.15 37.11 33.92 0.96 2.08

30 DAS 46.51 52.35 54.92 57.35 54.72 2.21 4.67

Yield (mt/ha)

Green Forage 2.72 4.05 4.25 5.42 4.12 0.37 0.78

Dry Matter 0.34 0.53 0.56 0.73 0.54 0.12 0.25

Total yield

Green Forage(mt/ha) 30.76 34.55 36.35 41.39 35.62 1.70 3.58

Dry matter (mt/ha) 4.53 5.23 5.38 6.11 5.24 0.35 0.74
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observations in German grass (Malak, 2005) and in Napier grass (Islam, 2007). Jumeno and
Lozano (1966) and Ram (1968) also reported the similar trend and found that phosphorus in
various doses increased the green fodder yield in berseem.

In all the three cuttings, significant effect of P fertilizer on dry matter yield of sorghum fodder
had been recorded due to the fact that phosphorus alongwith nitrogen plays a key role in
accumulation of photosynthetase. Higher dry matter yield observed in T4i.e. at 120 kg P2O5

ha-1followed by T3 (80 kg ha-1), T5 (160 kg ha-1), T2 (40 kg ha-1) and T1 (0 kg ha-1)  in all the
three cuttings of sorghum fodder (Table 1).Similar trend was also noted in total dry matter
yield of sorghum fodder. However, dry matter percentage (on fresh weight basis)varied as
15.01-15.15 % in 1st cutting, 14.12-14.85 % in 2nd cutting and 12.51-13.25 % in 3rd cutting
(Table 2) and similar trend was also observed by Roy and Khandaker (2010). Previous
experiments indicated that the application of P fertilizer increased dry matter yield of oat
(Mohiuddin, 2002). Similar results were also reported by Bhagwanet al. (1997) who indicated
that dry matter yield of fodder cowpea increased with the increasing levels of P fertilizer up to
60 kg TSP ha-1.

Nutritional attributes

The effect of P fertilizer application was significant for all the nutritional attributes like CP,
CF, EE, total ash, NFE except dry matter per centage (Table 2) in all the three cuttings.
Similar results were recorded by Ayubet al. (2012) in cluster bean.Khaleduzzamanet al.
(2007) also reported that dry matter per centage in fodder napier had not increased
significantly with the increasing levels of phosphorus fertilizer application.

Significant difference in CP content was observed in 1st and 2nd cutting but in 3rd cutting the
difference was non-significant might be due to physiological characteristics of the sorghum
plant. However higher crude protein (CP) content was recorded at 120 kg P2O5 ha-1 in all the
three cases (Table 2) due to the fact that phosphorus is involved in protein synthesis (Mengel
and Kirby, 2001). Roy and Khandaker (2010) also reported the similar results in sorghum
fodder. Crude fibre (CF) content was decreased significantly with the increased dose of
phosphorus in all the three cuttings. Effect of phosphorus on total ash (TA) content was found
non significant in all the three cuttings (Table 2) and the similar result was also obtained by
Uddin et al. (2005) in oat fodder.Ether extract (EE) and Nitrogen free extract (NFE) were
increased significantly with the application of phosphorus in all the three cuttings.

Though highest EE value was recorded at T5 (160 kg P2O5 ha-1 ) but significantly highest NFE
was observed at T4 (120 kg P2O5 ha-1 ) in all the three cuttings of sorghum (Table 2).Virender
et al. (2001) reported that EE content of berseem fodder increased significantly with increased
levels of P fertilizer. Similar result was also confirmed by Islam et al. (2007).

From the current experiment it can be concluded that application of phosphorus at the rate 120
kg P2O5 ha-1 significantly increase the green fodder and dry matter yield along with better
quality of sorghum fodder.
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Table 2: Effect of different phosphorus levels on nutritional attributes at various stages
of sorghum fodder (pooled over two years)

Treatments S.Em
(±)

C.D
(p=0.05)T1 T2 T3 T4 T5

1st Cutting

Dry matter (g/100
g of fresh sample)

15.01 15.15 15.11 15.15 15.04 0.42 NS

Chemical composition (g / 100 g dry matter basis)

CP 7.17 7.21 7.20 7.79 7.20 0.22 0.47

CF 36.12 35.56 35.26 34.66 34.75 0.49 1.05

EE 2.92 3.07 3.12 3.30 3.37 0.15 0.32

Total Ash 10.47 10.18 10.45 10.03 10.70 0.26 NS

NFE 43.32 43.98 43.97 44.22 43.98 0.37 0.78

2nd Cutting

Dry matter (g/100
g of fresh sample)

14.25 14.35 14.35 14.85 14.12 0.37 NS

Chemical composition (g / 100 g dry matter basis)

CP 7.35 7.39 7.42 7.98 7.37 0.19 0.40

CF 35.15 34.75 34.52 34.00 33.92 0.52 1.10

EE 2.89 3.02 3.12 3.28 3.31 0.13 0.27

Total Ash 10.49 10.49 10.46 9.74 10.49 0.38 NS

NFE 44.02 44.35 44.48 45.00 44.91 0.39 0.82

3rd Cutting

Dry matter (g/100
g of fresh sample)

12.51 13.10 13.20 13.25 13.11 0.42 NS

Chemical composition (g / 100 g dry matter basis)

CP 7.41 7.57 7.62 7.81 7.59 0.23 NS

CF 35.02 34.85 34.72 33.80 33.57 0.57 1.21

EE 2.87 2.96 3.03 3.03 3.27 0.14 0.29

Total Ash 9.67 9.25 9.21 9.11 9.85 0.37 NS

NFE 45.03 45.37 45.42 46.25 45.72 0.53 1.11
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