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Abstract

A pot study was conducted in the laboratory to evaluate the effect of organic amendments on phosphorus release from
imported and indigenous sources of rock phosphate and its impact on growth of maize. Seeds were sown in sand and soil
(pHs pre study = 8.15, pHs post study = 8.02, ECe = 1.28 dSm, SAR = 4.77 (mmol LY)¥?, saturation percentage = 29%,
Auvailable P = 7.1 mg kg, sandy clay loam texture) culture of 1:1 ratio. In this controlled conditions laboratory experiment,
two sources of RP; A;. Alwaha rock phosphate (RPB-rock phosphate brown) and B- Hazara rock phosphate (RPB-rock
phosphate brown) with 9 different combinations of organic amendments in a ratio of 1:2 were tested. The experiment
comprised of 19 treatment replicated thrice using CRD design: Ta: control(check P), T2:RPB, Ts: RPB+CM, T4: RPB+FCP,
Ts: RPB+ WS, Te: RPB+FYM, T7: RPB+PM, Ts: RPB+PSM, To: RPB+CP+PGPR, T10: RPB+ %2 PM+ % FCP, Tu1: RPR,
T12: RPR+CM, T13: RPR+FCP, T14: RPR+WS, T15: RPR+FYM, T16: RPR+ PM, T17: RPR+PSM, T1s: RPR+CP+PGPR, and
T19: RPB+ % PM+ % FCP. The collected data was subjected to statistical analysis using R-software for windows and least
significant difference among the treatments means. Results suggested that use of filter cake press mud (FCP) proved

superior in terms of enhancing P release from RP and subsequent uptake by maize crop.
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Introduction

Phosphorus is one of the major essential plant
nutrients that are required by every living entity. It
performs variety of beneficial functions in living
organisms including plants. Phosphorus is considered
indispensible for agricultural crop production. Since
addition of phosphorus is compulsory for crop production
as every plant require an optimum supply of P for
achieving sustainable growth and yield. Deficiency of
phosphorus results in negative trend in plant growth and
crop yield (Taiz & Zeigar, 1998; Childers et al., 2011).

Plants uptake phosphorus in two major forms i.e.,
primary and secondary orthophosphates. Despite of its
critical roles in plant body, the availability of phosphorus
to plants is highly limited (Holford, 1997).The high
growth rate and production of large amount of organic
content by maize necessitates the use of high amount of
phosphorus (Mengel & Kirkby, 2001).

Rock phosphate is one of the cheapest sources of
phosphorus but despite of its low cost its low solubility of
10 % offers limitation in its direct application to soil. Thus,
bio-solubilization of rock phosphate needs to be increased
by using some organic amendments such as farm yard
manure, poultry droppings, compost, press mud and green
manure etc. (Isherwood, 2000, Sarwar et al., 2009, Saleem
et al., 2013, Sabah et al., 2016). One such mean could be
the use of organic materials for rendering insoluble
phosphorus in to soluble one mostly the phosphorus
contained in rock phosphate ores. In addition to enhancing
soil phosphorus content, compost also serve as soil
conditioner by improving physical, chemical, biological
properties as well as fertility status of soil (Ahmad et al.,
2006, Sabah et al., 2011, Sabah et al., 2014).

Rock phosphate is considered to be the major
naturally occurring source of phosphorus. Resources of
rock phosphate are limited and non-renewable that
demands some important measures are needed to be
adopted in order to maximize P recovery from rock
phosphate. Rock phosphate is considered to be the
cheapest source of phosphorus and is a major precursor
for almost all phosphatic fertilizers. It is also used as a
raw material for livestock feeds. However, agriculture
seems to be the major consumer of rock phosphate since it
accounts for almost 80-90 % of world total rock
phosphate demand (Childers et al., 2011).

The term organic manures includes variety of materials
like FYM, poultry litter, green manure, crop residues,
composts and other animal wastes etc. Organic wastes are
enriched source of nutrients. However, the nutritional value
of organic waste is highly variable depending upon the
source. Bioavailability of phosphorus from rock phosphate
can be improved by various means. One such method is the
use of organic wastes. Phospho-compost is the name of end
product obtained after composting of rock phosphate with
organic manures. There are many factors which determine
the effectiveness of compost in solubilization of rock
phosphate and subsequent release of phosphorus. These
factors include the kind and composition of organic waste
materials as well as its rate of decomposition. The major
mechanism responsible for the solubilization of rock
phosphate is the production and release of organic acids
and chelating compounds from metabolic activities of
various microorganisms during composting. Composting of
rock phosphate with poultry manure is not suitable because
of the containment of large quantity of impurities and
calcium carbonate which offer obstruction in solubilization
of rock phosphate (Mahimairaja et al., 1995).
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It has been reported that incorporation of
microorganisms (fungi and bacteria) and energy sources
like molasses to the organic wastes material before
composting can fasten the rate of decomposition of
organic waste (Singh & Amberger, 1991). Composting of
rock phosphate with organic manures offers dual benefits.
On one hand, it increases the phosphorus release from
rock phosphate while on the other hand; it also results in
environmental friendly and safe dumping of organic
wastes. In addition, phospho-compost can be safely used
as an alternative to the expensive chemical fertilizers
(Mugwira et al., 2002). Keeping in view the above
circumstances, the present study was performed in order
to investigate the role of organic amendments on the
growth of hybrid maize crop and to evaluate P availability
from local and imported rock phosphate as well as to
check the interaction of organic amendments for bio-
solubilization of P from unavailable P sources.

Materials and Methods

Experiment location and treatments: This experiment was
performed in the climate growth chamber under specific
temperature and humidity conditions in the laboratory of
department of Soil & Environmental Sciences, University
College of Agriculture, University of Sargodha. The plastic
pots with capacity of 250 g were taken and a mixture of soil
and sand in the ratio of 1:1were made. This mixture (200 g),
containing 100 g soil and 100g sand, were filled in each pot.
Two types of rock phosphates namely Rock phosphate Red
(Local) from Hazara, KPK, Pakistan (containing 28% P,Os,
48% CaO and 3% SiOz) and Rock phosphate Brown
(Imported) containing 32.5% P,0s, 49.2% CaO and 4% SiO-
were used. Various organic materials include compost,
pressmud, wheat straw, FYM, poultry manure, P-solubilizing
microorganisms, and plant growth promoting rhizobacteria.
The rock phosphate and organic materials were incorporated
in each pot in a ratio of 1:2. The experiment was consisted of
19 treatments replicated thrice. All the treatments were
applied according to the treatment plan in respective pots
using CRD. Various treatments of the study include: T1 =
Recommended NPK; T, = Rock phosphate brown (RPB);
T3 = RPB + compost; T4 = RPB + press mud; Ts = RPB +
wheat straw; T = RPB + FYM; T7 = RPB + poultry manure;
Ts = RPB + P-solubilizing microorganisms; Tg = RPB +
compost + PGPR; T10 = RPB + half poultry manure + half
press mud; T11 = Rock phosphate Red (RPR); Ti» = RPR +
compost; T13 = RPR + press mud; T4 = RPR + wheat straw;
Tis = RPR + FYM; T16 = RPB + poultry manure; Ti7 =
RPR + P-solubilizing microorganisms; Tis= RPR + compost
+ PGPR; T19 = RPR + half poultry manure + half press mud.

Plant growth: After attaining the field capacity, three seeds
of hybrid maize were sown on September 10, 2015 in each
pot. After germination, thinning of plants was performed.
Canal water was used for irrigation purpose. After harvesting
the crop on November 09, 2015; various agronomic
parameters were noted. P concentration in leaf, available P
content of soil was recorded after sample preparation.

Sample preparation: Plants samples were dried in oven
at 70°C till constant weight. Grinding of dried plant
samples was done by using grinding mill having 2mm
sieve. In a conical flask 1 g of dried plant sample was
taken. Digestion mixture 10 ml (Per-chloric acid and
Nitric acid @ 1:2) was used for digestion of sample. This
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mixture was then left for overnight. Next day the mixture
was then digested at hot plate till colorless solution. The
color developing reagent solution was used for estimation
of P concentration in leaf and from soil sample by using
spectrophotometer (Shimadzu, UV-1201, Kyoto, Japan) at
880 nm wavelength (Olsen et al., 1954).

Statistical analysis: Analysis of variance (ANOVA) was
done by using CRD (completely randomized design).
Least significant difference (LSD) test at p<0.05 was used
for ranking of treatments (Steel et al., 1997) using R-
software for windows.

Results and Discussion

Shoot dry weight (g plant?): Data pertaining to the
efficiency of various types of organic amendments and rock
phosphate (rock phosphate red and rock phosphate brown)
and their combinations on shoot dry weight (g plant?) of
maize was presented in Fig. 1. It was depicted from the data
that application of various treatments significantly increased
the shoot dry weight of maize. Differences among various
treatments for shoot dry weight were found significant in
terms of statistics. Data revealed that maximum shoot dry
weight was recorded in T3 (RPR + press mud) showing the
value of 3.85 g plant? followed by Ti> (RPR + compost)
with the value of 3.8 g plant®. Whereas, minimum shoot
fresh weight was recorded in control i.e. T1 (2.39 g plant?)
where no imported source of P was applied. It was evident
from results that all the organic amendments significantly
improved the shoot dry weight of maize. But integrated use
of local rock phosphate (RPR) and press mud proved better
than all other treatments. Though, the use of press mud with
either source of rock phosphate (red rock phosphate and
brown rock phosphate) gave improved results than any other
organic amendment.

Root dry weight (g plant?): Root dry weight is good
indicator of plant growth since plant contained high
amount of water depending upon the amount of water in
its growth environment. Therefore, root dry weight tends
to be more reliable. Comparative efficiency of various
treatments on root dry weight of maize was presented in
Fig. 2. It was indicated from the data that differences
among various treatments were statistically significant.
Maximum root dry weight was recorded in Ty (check P)
with the numerical value of 0.36 g plant®. Whereas,
minimum root dry weight was observed in Tiz (RPR +
press mud) and T1s (RPR + poultry manure) each with the
value of 0.2 g plant™.

Root: shoot ratio: Roots are responsible for the uptake of
water and nutrients by the plant. Therefore, healthy roots
are good indicator of plant health. Data pertaining to the
efficiency of various types of organic amendments and
rock phosphate (Red rock phosphate and Brown rock
phosphate) and their combinations on root: shoot ratio of
maize was presented in Fig. 3. It was depicted from the
data that application of various treatments significantly
increased the root: shoot ratio of maize. Differences
among various treatments for root: shoot ratio was found
significant in terms of statistics. Data revealed that
minimum root: shoot ratio was recorded in T3 (RPR +
press mud) showing the value of 0.05. That was increased
to the maximum value of 0.15 in control i.e. T (check P).
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Available P after 10 days (mg kg™): Data pertaining to
the efficiency of various types of organic amendments
and rock phosphate (Red rock phosphate and Brown rock
phosphate) and their combinations on available P content
(10 days) of soil was presented in Fig. 4. It was depicted
from the data that application of various treatments
significantly increased the available P (10 days) content
of soil. Differences among various treatments for soil
available P content were found significant in terms of
statistics. Data revealed that minimum soil available P
content was recorded in control i.e. T1 (check P) showing
the value of 8 mg kg'.That was increased to the
maximum value of 12.5 mg kg* in Tis (RPR + poultry
manure). It was evident from results that all the organic
amendments substantially improved the P release from
rock phosphate. However, use of local rock phosphate
(RPR) in combination with press mud proved superior to
all other treatments. Since, the use of press mud with
either source of rock phosphate (red rock phosphate and
brown rock phosphate) gave improved results than any
other organic amendment in this context.

Available P after 20 days (mg kg™): Data presented in
Fig. 5 indicated the efficiency of various types of
organic amendments and rock phosphate (Red rock
phosphate and Brown rock phosphate) and their
combinations on soil available P content (20 days). It is
evident from the data that application of various
treatments significantly increased the soil available P
content (20 days). Data revealed that maximum soil
available P (20 days) was recorded in T19 (RPR + half
poultry manure + half press mud) showing the value of
13.5mg kg* followed by Ti3 (RPR + press mud), Tis
(RPR + poultry manure) and Tis (RPR + compost +
PGPR) each with the value of 13mg kg*. Whereas,
minimum soil available P was recorded in control i.e.T;
(9mg kg) where no imported source of P was applied.
It was found that all the organic amendments performed
well in terms of releasing P from rock phosphate.
However, incorporation of local rock phosphate (RPR)
with press mud proved superior to all other treatments.
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Available P after 30 days (mg kg™): Data pertaining to
the efficiency of various types of organic amendments
and rock phosphate (Red rock phosphate and Brown rock
phosphate) and their combinations on available P content
(30 days) of soil was presented in Fig. 6. It was depicted
from the data that application of various treatments
significantly increased the available P (30 days) content
of soil. Differences among various treatments for soil
available P content were found significant in terms of
statistics. Data revealed that minimum soil available P
content was recorded in control i.e. T1 (check P) showing
the value of 9 mg kg®That was increased to the
maximum value of 13.5 mg kg?* in Ty (RPR + half
poultry manure + half press mud). It was evident from
results that all the organic amendments significantly
enhanced the release of P from rock phosphate. Since,
application of local red rock phosphate (RPR) along with
press mud proved superior to all other treatments.

Leaf P content (mmol kg™): Data pertaining to effect of
various types of organic amendments and rock phosphate
(Red rock phosphate and Brown rock phosphate) and their
combinations on leaf P content (mmol kg?*) was presented
in Fig. 7. It was depicted from the data that application of
various treatments significantly increased the leaf P (mmol
kg?) content. Differences among various treatments for P
content of leaf (mmol kg*) were found significant in terms
of statistics. Data revealed that minimum leaf P content was
recorded in control i.e. T1 (check P) showing the value of
40 mmol kg*.This value reached to the maximum level of
90 mmol kg* in Ti3 (RPR + press mud) followed by Tis
(RPR + compost + PGPR) with numerical value of 82.7
mmol kg!. Data indicated that all the organic amendments
played their role effectively in terms of releasing P from
rock phosphate and subsequent uptake by maize however,
application of local rock phosphate (RPR) along with press
mud proved superior to all other treatments. Although, the
use of press mud with either source of rock phosphate (red
rock phosphate and brown rock phosphate) gave better
results than any other organic amendment.

Discussion

Rock phosphate is the basic formulating material for
all water soluble phosphatic fertilizers. Universal
phosphate resources are predicted to be depleted within
50-80 years in an era when more P fertilizers will be
needed to produce more food and fiber to sustain a
growing global population. An efficient method for the
release of plant available P from apatite rock phosphate is
the integration of different organic materials with specific
size of rock phosphate to provide the P nutrition for
growth of field crops Mali et al. (2017).

The major mechanism responsible for the
solubilization of rock phosphate is the production and
release of organic acids and chelating compounds from
metabolic activities of various microorganisms during
composting. Composting of rock phosphate with poultry
manure is not suitable because of the presence of large
quantity of impurities and calcium carbonate which offer
obstruction in solubilization of rock phosphate
(Mahimairaja et al., 1995).
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Press mud like other organic nutritional sources
improves the impaired soil (physical, chemical and
biological) properties (Qureshi et al., 2014). Such
improvement ultimately increased the nutrient availability
to the plants. Improvement in shoot fresh weight by the
addition of organic manures is contributed to improved
soil properties and availability of N, P and K. Each
increase in NPK contributed to increase in plant height
and growth parameters. Addition of organic material like
press mud under alkaline soil conditions resulted in
release of various types of acids like carbonic acid which
is responsible for dissolution of rock phosphate
(Mahimairaja et al., 1995). These results are also in line
with the findings of Aziz et al. (2006); Mujeeb et al.
(2008); Aziz et al. (2010) and Qureshi et al. (2014).

The use of organic amendments proved a successful
way for the release of available P from water insoluble P
sources like rock phosphate. Different organic
amendments are considered as more bio active source. In
addition to enhance P release from RP, organic
amendments also improve soil organic matter status (Aziz
et al., 2010; Sabah et al., 2014; Sabah et al., 2015; Sabah
et al., 2016; Mali et al., 2017). Integrated use of organic
material along with rock phosphate resulted in significant
impact on soil pH of growth medium. The most
pronounced impact on change in pH was observed in
treatment where red rock phosphate was used along with
filter cake press mud. The results are in conformity with
the finding of Ali et al. (2014) who reported that any
change in pH of growth medium release water soluble P
from insoluble P sources.

Results of the present study indicated that organic
amendments significantly affected the P release from both
rock phosphate sources. The response of both rock
phosphates to different organic sources was almost
similar. However, press mud proved superior in terms of
enhancing P dissolution of rock phosphate and subsequent
release and uptake of P by maize crop. Use of press mud
with either source of rock phosphate improved shoot dry
weight, available P content and leaf P content. 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 (Vance et al., 2003; Lynch &
Brown, 2008; Hinsinger et al., 2009; Zhang et al., 2010;
George et al., 2011). One such response is the allocation
of more proportion of photosynthates to the roots,
changes in root morphology etc. in order to utilize more
soil volumes (Smith et al., 1990, Marschner, 1995;
Hinsinger, 2001; Hermans et al., 2006; Peret et al., 2011).
Increase in root and shoot dry weights and root-shoot
ratio could be due to these reasons.

Conclusion

Based on results of present study it can be concluded
that organic amendments significantly improved the rate of
P dissolution and subsequent release bio available P for
maize crop. Use of locally available hazara rock phosphate

is best comparable with that of imported egyptian rock
phosphates in terms of P dissolution. Press mud as organic
amendment proved superior to all other organic materials
in terms of enhancing P release from either source of rock
phosphate and subsequent uptake by maize.
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