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ABSTRACT
Pakistan lies in arid to semi-arid regions with soils of alkaline nature. Phosphorus (P) is the 
second most important abundant element. For plant growth and development life. Pakistani 
soils are deficient in available P, due to its mineral composition and high pH value, which escorts 
to instantaneous adsorption of approved P. The major factors that affect P accessibility in 
these soils include clay mineralogy, amount of sesquioxides, pH and existence of free CaCO3. 
Organic matter also enhances the P availability to the plants by different biochemical dynamics. 
Sorghum is the most important fodder crop grown in various areas of Pakistan depending upon 
the climatic conditions. This experiment was conducted in the field at two sites having different 
texture (clay loam and sandy loam) at Soil Salinity Research Institute, Pindi Bhattian, Pakistan  
during 2018. Treatments of the experiment included: T1 = control (zero fertilizer), T2 = zero P + 
recommended dose of N and K (80 and 60 kg/ha), T3 = Standard solution P, T4 = 70% inorganic 
and 30% organic P from pressmud, T5 = 60% inorganic and 40% organic P from pressmud, 
T6 = 50% inorganic and 50% organic P from pressmud, T7 = 70% inorganic and 30% organic 
P from FYM, T8 = 60% inorganic and 40% organic P from FYM and T9 = 50% inorganic and 
50% organic P from FYM and these were replicated three times under randomized complete 
block design. Soil was analyzed before and after the crop harvest for different physical and 
chemical characteristics. Data regarding growth, yield and chemical composition of test crop 
were recorded and statistically analysed. Results indicated that the treatments having various 
combinations of organic and inorganic phosphorus sources performed superior to those used 
individually. Moreover, organic sources press mud proved to be a rich phosphorus as compared 
to the farm yard manure.
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INTRODUCTION
Pakistan is one of the agricultural developing countries 
with a population of 207.77 million with drastic increase 
in the population day by day. Population increases at 
the rate of 2.1% annually. In Pakistan the net sown area 
is 16.74 million hectares out of 79.61 million hectare 
which is total geographical area and total cultivated 
area is 21.82 million hectares. Agriculture is the major 
sector contributing in Pakistan’s economy. It shares 
about 25.9% in GDP of Pakistan and employs 44% 
people. Sorghum (Sorghum bicolor L.) is one of the 
superlative fodder crops with elevated yield especially 
for silage & hay. In Punjab it is cultured on 0.577 million 
hectares with the average yield of 7.447 million tons 
(GoP, 2019).
Phosphorus is the second most important macro 
nutrient. It is an indispensable plant nutrient and a 
vital constituent of many bio-molecules such as DNA 
and RNA. It is also involved in many processes like 
photosynthesis and energy transfer (Marschner, 
2012). Its essentiality is not only restricted to various 
forms of life but also largely contribute in maintaining 

native soil fertility. The crop production, yield of most 
of the crops and reproductive growth of the crops 
depend upon the availability of P in soils. Its scarcity in 
the soil will reduce the production of crops, metabolic 
reactions, plant growth leaf area index and leaves 
number (Oyewole and Oyewole, 2010). The delayed 
maturity along with condensed root growth is the 
main deficiency symptoms of P. The plants which are 
deficient in P become more susceptible to diseases 
because the P content enhances the integrity of the 
plants (Chakwizira et al., 2009).
Soils of Pakistan are calcareous and alkaline in nature. 
Quantity of calcium carbonate, sesquioxides, pH, the 
nature and amount of clay minerals and reactions 
occurring in the soil are the major factors affecting 
the P availability in soil. About 80-90% of the soils of 
arid and semi arid regions in Pakistan are scarce in 
P content (NFDC, 2001). Almost all soils of Pakistan 
(more than 90%) are suffering from P deficiency 
(Ahmad and Rashid, 2003). It is estimated the rock 
phosphate reserves will be exhausted within coming 
50-80 years (Rautaray et al., 2003). During last few 
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years, the rates of phosphatic fertilizers increased 
seven times in the whole world just due to the limiting 
sources of rock phosphate (Cordell et al., 2009b; Garg 
and Bahla, 2008).
Phosphorus in our soils is adsorbed and is insufficient 
for the proper reproductive growth of plants. This 
phosphorus deficiency of P in the soil is continuously 
refilled by farmers by the addition of phosphatic 
fertilizers. About 85% of total phosphorus extracted 
from rock phosphate (17.5 million tonnes) on annual 
basis is being utilized for the preparation of P 
fertilizers (Cordell et al., 2009a).  The application of P 
fertilizers along with the nitrogen is necessary for crop 
production. Phosphorus source rock phosphate that 
can be used for the preparation of phosphatic fertilizers 
can also be applied to soils by different ways. i.e. direct 
application of rock phosphate to the soil by reducing its 
size, the conversion of this rock phosphate into other 
forms (Uddin et al., 2012). The efficiency of the direct 
application of rock phosphate is more in acidic soils 
than alkaline soils. As it is the economical source of 
P but its low solubility (10%) has reduced its use in 
alkaline soils of Pakistan (Sabah et al., 2016).
Various types of organic sources like press mud, farm 
yard manure, poultry manure etc. can be used to 
enhance the solubility of rock phosphate. Its solubility 
was also increased by integrating it with the compost. 
The microbes produced organic acids such as citric 
acid, acetic acid, oxalic acid, gluconic acids, succinic 
acid and inorganic acids such as nitric, sulphuric and 
hydrochloric acids during decomposition of organic 
manures that were involved in the solubilization of rock 
phosphate. This solubilization enhanced the nutrient 
availability especially P because organic sources like 
press mud and FYM were the rich sources of P. This 
P became a part of labile fraction and was available to 
plants (Sabah et al., 2018; Esse et al., 2001).
Organic matter also enhanced the availability and 
production (by decomposition) of phosphorus in the 
soil. An integrated use of organic and chemical fertilizer 
improved crop growth and production (Richardson  and 
Simpson, 2011; Muhammad and Khattak, 2009). The 
farmyard manure content and P adsorption in the soil 
were inversely related to each other. It blocks sites of P 
adsorption altering pH of the soil and made complexes 
with the Al and Fe. This reduced the chances of P 
reaction with Fe and Al (Hartl and Erhart, 2005). The 
addition of organic matter in soil also increased the 
water holding capacity of the soil, CEC (cation exchange 
capacity) and microbial activity of soil (Clemente and 
Bernal, 2006; Agbede et al., 2008). It is also used by 
farmers as a fertilizer and improves the aggregation in 
the soil (Naeem et al., 2009; Aziz et al., 2010). Press 
mud is the waste material of sugar cane industry and 

is of great importance in agriculture because it is a 
source of N, P and K (Oyewole and Oyewole, 2010). Its 
incorporation in the soil not only increased the quantity 
of P in soil but also enhanced its availability to the 
plants (Deksissa et al., 2008; Garg and Bahla, 2008). 
There are many other benefits of using organic matter 
as a fertilizer. It reduced the farming cast, ecological 
stability, pollution in the environment and nourished 
the soil flora and fauna (Hedge and Sudhakar, 2001; 
Usman et al., 2003). Current study objective was to 
check the best source of organic material to enhance 
P availability for better sorghum growth.

MATERIALS AND METHODS

Location of the experiment
A field experiment was carried out at 2 sites varying 
in soil texture, sandy loam and clay loam to check 
the consequences of integrated use of inorganic and 
organic P on agronomic parameters of sorghum crop. 
The soil samples were collected from various sites 
and analyzed for soil textural type.  Two different sites 
selected according to required texture were at research 
farm of Soil Salinity Research Institute, Pindi Bhattian, 
Hafizabad and village Kot Ishaq, Hafizabad, Pakistan 
during 2018. Treatments of the experiment included: 

T1 = control (zero fertilizer application)
T2 = zero P + recommended dose of N and K @ 80  
       and 60 kg/ha respectively
T3 = Standard solution P (0.2 ppm)
T4 = 70% inorganic and 30% organic P from press mud
T5 = 60% inorganic and 40% organic P from press mud
T6 = 50% inorganic and 50% organic P from press mud
T7 = 70% inorganic and 30% organic P from FYM
T8 = 60% inorganic and 40% organic P from FYM
T9 = 50% inorganic and 50% organic P from FYM

The experimental design followed was Randomized 
Complete Block Design (RCBD) and with three 
replications. Soil was prepared for sowing the sorghum 
crop by ploughing it 2-3 times. Field was divided into 
plots having size of 4×5 m and all plots were prepared 
by leaving distance of 1m between the rows of plots 
in both textures. Recommended phosphorus dose of 
sorghum (60 kg/ha) was portioned between organic 
and inorganic sources according to the treatments. 
Required quantity of farm yard manure and press mud 
were added 15 days before sowing of crop. Sorghum 
crop was sown to check the difference between P 
uptake within the texture among treatments and 
between the texture. Other dose of phosphorus from 
chemical fertilizer along with whole K and half N was 
applied at the time of sowing. Hoeing was practiced 
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two times in whole growing period to control weeds. 
Initially crop was irrigated 10 days after sowing and 
remaining irrigations were applied according to the 
crop requirement. Another half nitrogen was applied 
with first irrigation. At maturity crop was harvested. 
Plants were analyzed and soil samples were collected 
for post-harvest analysis. (Table 1) The client data 
about study sites were also given in Fig. 1, 2 and 3.

RESULTS AND DISCUSSION

Plant height
Plant height is one of the most important features which 
reflect the overall growth rate of the plants. The impact 
of integrated use of phosphorus sources in clay and 
sandy loam soils on plant height was given in Fig. 4. 
All combinations of press mud and farm yard manure 
along with inorganic phosphorus source performed 

significantly in both textures. In both textures clay 
loam and sandy loam, maximum plant height (235.8 
and 235cm respectively) was documented in T6. The 
control treatment (T1) produced the lowest values 
of plant height (200.9 and 192.03 cm, respectively) 
where no fertilizer was applied. The application of 
other proportions of press mud with SSP in treatments 
T5 and T4 also significantly enhanced plant height in 
both textures (233.3cm, 232cm and 230cm, 229.5cm, 
respectively). Similarly, the combinations of farm yard 
manure as organic sources of P along with SSP in 
the treatment T9, T8 and T7 increased plant height in 
both textures (228cm, 227.45cm, 226cm, 224.5cm and 
223cm, 219.47cm, respectively) but remained inferior 
when compared with the T6, T5 and T4. The treatments 
T3 and T2 remained significant when compared with 
each other statistically. In organic sources press mud 
performed superior when compared to the farm yard 
manure. Similarly, plant height in clay loam soil was 
enhanced more significantly as compared to the sandy 
loam soil.

Number of plants/m2

The combined effect of various combinations of organic 
and inorganic phosphorus sources in clay loam and 
sandy loam soils on number of plants/m2 was given 
in Fig. 5. All combinations of press mud and farm 
yard manure along with inorganic phosphorus source 
performed significantly in both textures. Among all the 
treatments T6 in both clay loam and sandy loam soil 
performed the best where highest number of plants/

Table 1. Basic soil analysis

Characteristics Clay loam 
soil

Sandy loam 
soil Units

Sand 38 68 %
Silt 27 19 %
Clay 35 13 %
Textural class Clay loam Sandy loam -
pHs 8.25 8.02 -
ECe 1.25 1.06 dSm-1

TSS 12.5 10.6 meL-1

Ca2++Mg2+ 6.70 5.60 meL-1

Na+ 5.80 4.95 meL-1

SAR 3.16 2.96 (mmol L-1)1/2

CO3
2- - - meL-1

HCO3
- 2.2 1.6 meL-1

Cl- 2.6 3.2 meL-1

SO4
2- 7.7 5.8 meL-1

CaCO3 8.24 5.64 %
Organic matter 0.79 0.52 %
Olsen P 5.80 5.40 mg kg-1

Extractable K 119 105.6 mg kg-1
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m2 (33 and 30.67 respectively) was noticed. Control 
(T1) produced the lowest values of plant/m2 (21.33 and 
18.33, respectively) where no fertilizer was applied. 
The application of other proportions of pressmud 
with SSP in treatments T5 and T4 also significantly 
enhanced plant/m2 in both textures (32.5, 28.33 and 
31.67, 26.67, respectively). Similarly, the combinations 
of farm yard manure as organic sources of P along with 
SSP increased plant/m2 in both textures in treatments 
T9 (29 and 25) (27.33 and 24.33 and T7 (26 and 22.67), 
respectively. The treatments T3 and T2 remained 
significant when compared with each other statistically. 
In organic sources press mud performed superior when 
compared to the farm yard manure. Similarly, plant/m2 

in clay loam soil was enhanced more significantly as 
compared to the sandy loam soil.

Fodder yield (Mg/ha)
Yield is a vital parameter of crop on which the purpose 
of growth depends. The outcomes of integrated use of 
phosphorus sources in various textures on fodder yield 
were given in Fig. 6. All combinations of press mud and 
farm yard manure along with inorganic phosphorus 
source performed significantly in both textures. In both 
types of soil textures namely clay loam and sandy 
loam, the highest values (49.15 and 42.07 mg/ha, 
respectively) were produced in treatment T6 where 
50% of P was applied from press mud and 50% was 
applied from SSP along with the recommended dose 
of NK. On the other hand, minimum yield (19.14 and 
18.5 Mg/ha, respectively) was produced in control 
where no fertilizer was applied. The application of other 
combinations of pressmud with SSP in treatments T5 
(44.61 Mg/ha, 38.16 Mg/ha) and T4 (41.64 Mg/ha, 
34.32 Mg/ha) also significantly enhanced fodder yield 
in both textures. Similarly the combinations of farm yard 
manure as organic sources of P along with SSP in the 
treatment T9, T8 and T7 increased yield in both textures 
i.e. (37.6 and 30.51 Mg/ha), (33.9 Mg/ha and 28.6 
Mg/ha) and (29.31 Mg/ha, 26.31 Mg/ha) respectively. 
The treatments T3 and T2 remained significant, when 
compared with each other statistically. In organic 
sources press mud performed better when compared 

to the farm yard manure. Similarly yield in clay loam 
soil was enhanced more significantly when compared 
with sandy loam soil.

Oven dry fodder yield (Mg/ha)
The combined effect of various combinations of organic 
and inorganic phosphorus sources in both textures on 
ovendry yield was given in Fig. 7. All combinations of 
press mud and farm yard manure along with inorganic 
phosphorus source performed significantly in both 
textures namely clay loam and sandy loam. Among 
all the treatments T6 in both clay loam and sandy 
loam soil performed the best where highest oven dry 
yield (10.81Mg/ha and 9.34Mg/ha respectively) was 
recorded. 

In this treatment 50% of P was applied from press 
mud and 50% was applied from SSP along with the 
recommended dose of NK. The treatments T5 and T4 
(where 40 and 30% P was applied from pressmud and 
60 and 70% P from SSP) performed significantly when 
compared with each other and control. On the other 
hand, lowest oven dry yield (4.21 Mg/ha and 4.07 Mg/
ha, respectively) was given by plots where no fertilizer 
was applied (control). Similarly, the combinations 
of farm yard manure as organic sources of P along 
with SSP in the treatment T9, T8 and T7 increased 
oven dry yield in both textures namely clay loam and 
sandy loam (8.27 Mg/ha, 6.71 Mg/ha,7.46 Mg/ha, 
6.29Mg/ha and 6.45Mg/ha, 5.79Mg/ha respectively) 
but remained inferior when compared with the T6, T5 
and T4. The treatments T3 and T2 remained significant 
when compared with each other statistically. In organic 
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sources press mud performed better when compared 
to the farm yard manure. Similarly, oven dry yield in 
heavy textured soil was enhanced more significantly 
when compared to the light textured soil.

Phosphorus concentration (%) in sorghum fodder
The integrated impact of various combinations 
of organic and inorganic phosphorus sources on 
phosphorus concentration in sorghum fodder was 
given in Fig. 8. All treatments differed significantly 
between the organic sources and non-significantly 
within the organic sources. The treatment T6 performed 
best among all with the value of (0.153% and 0.170% 
respectively) in both textures namely clay loam and 
sandy loam when applied with press mud as an organic 
source of phosphorus. Treatment T6 varies non-
significantly with treatment T5 and T4 (0.136%, 0.156% 
and 0.126%, 0.146% respectively) and significantly 
with T9, T8, T7, T3, T2 and T1 in clay loam and sandy loam 
soils. Treatments T9, T8 and T7 with values of (0.110, 
0.136, 0.100, 0.120, 0.090 and 0.106%, respectively) 
remained inferior where farm yard manure is used 
as organic source of phosphorus when compared 
with T6, T5 and T4 statistically. The minimum value 
of phosphorus concentration in sorghum fodder was 
recorded in control (0.060% and 0.070%).

Phosphorus uptake (kg/ha) in sorghum fodder
Effect of various organic and inorganic combinations of 
phosphorus uptake by sorghum fodder was given in Fig. 
9. All combinations of press mud and farm yard manure 
along with inorganic phosphorus source performed 
significantly in both textures namely clay loam and 
sandy loam. Among all the treatments, T6 in both 
clay loam and sandy loam soil performed best where 
highest phosphorus uptake (9.953 kg/ha and 9.523 
kg/ha respectively) was recorded. In this treatment, 
50% of P was applied from pressmud and 50% was 
applied from SSP along with the recommended dose 
of NK. On the other hand, minimum phosphorus 
uptake by sorghum fodder (2.066 kg/ha and 2.446 
kg/ha respectively) was documented in control where 
no fertilizer was applied. The application of other 
proportions of press mud with SSP in treatments T5 

and T4 also significantly enhanced the phosphorus 
uptake in both textures (8.060, 7.890 and 6.976, 6.636 
kg/ha respectively). Similarly, the combinations of farm 
yard manure as organic sources of P along with SSP 
in the treatment T9, T8 and T7 increased phosphorus 
uptake in both textures (5.460, 5.503, 4.476, 4.526 and 
3.480, 3.700 kg/ha respectively) but remained inferior 
when compared with the T6, T5 and T4. The treatments 
T3 and T2 remained significant when with each other 
statistically. In organic sources press mud performed 
superior when compared to the farm yard manure. 

Phosphorus is second major essential plant nutrient 
and serves as primary constituent of plant and animal 
life along with nitrogen and potassium. Phosphorus 
plays lot of functions/roles in the body of plant. e.g., it 
has vital role in plant metabolism and is an essential 
component of nucleic acid. Despite its critical roles in 
plant body, the availability of phosphorus to plants is 
highly limited (Holford, 1997). Although rock phosphate 
is the most easily available cheaper source of P but 
still it cannot be applied directly to the soil due to its 
very less solubility and subsequent slow availability 
to plants. Hence, it is the dire need that low solubility 
of rock phosphate may be enhanced by using certain 
suitable organic materials like farm yard manure, 
poultry manure, press mud, green manure and 
compost etc. (Saleem et al., 2013). If compost is used 
for this purpose, it not only increases P solubility but 
also act as soil conditioner amendment by enhancing 
soil fertility after improvement of physical, chemical and 
other biological properties of soil. Addition of various 
biological waste materials mentioned above proved 
effective to increase the release of phosphorus that 
was readily available to plants. This phenomenon is 
accomplished by the continuous provision of H+. These 
H+ subsequently enhanced the solubilization of rock 
phosphate by making more P free and available for 
plant uptake. The production and release of different 
organic acids during the process of composting 
ensured the supply of protons in this phenomenon 
(Sabah et al., 2011).
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Press mud is an organic product including cane 
wax, albuminoids, inorganic salts and soil particles. 
It contains 80 % water and 0.9 -1.5 % sugar, organic 
matter, nitrogen, phosphorus, potassium, calcium, 
sulphur, coagulated colloids and other materials in 
differing quantities. Like many other organic materials, 
press mud also proved beneficial to restore and 
maintain deteriorated soil properties (Qureshi et al., 
2014). These betterments and improvements in soil 
properties ultimately lead to more availability of different 
nutrients to the plants. Like any other organic material 
when press mud is applied to the soil under alkaline 
conditions, it produces different types of organic acids 
which primarily ensures more solubilization of rock 
phosphate by making more release of P (Mahimairaja 
et al., 1995).
It was observed from the results of present study that 
integrated use of different amendments significantly 
affected the release of phosphorus from rock 
phosphate. All types of organic sources used behaved 
in a positive way to enhance P release. However, 
application of press mud remained better and 
superior to all other sources and materials in terms of 
increasing more dissolution of phosphorus from rock 
phosphate for sorghum plants when used as test crop. 
Several adaptive mechanisms (such as change in root 
morphology, physiology and biochemistry) developed 
by plants in response to low availability of phosphorus 
have been reported by various researchers. Such 
mechanisms are responsible for modification in the 
rhizosphere and thus, increase the ability of roots 
systems to exploit more soil volumes for inorganic P 
(George et al., 2011).

CONCLUSION 
It was concluded from this experiment that integration 
of organic and inorganic fertilizers enhanced the 
agronomic parameters of sorghum. Among organic 
fertilizers used press mud proved to be a rich source 
of phosphorus. Maximum values were recorded in 
treatments where press mud was integrated with SSP. 
The lowest values were produced in plots which are 
not fertilized with any fertilizer (control). In case of both 
textures namely clay loam and sandy loam, all the 
treatments performed better in heavy textured soil than 
light textured soils.
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