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Abstract

Sustainable crops production coupled with environmental safety
measures has become a center of attention at current global canvas of
science and research. Phosphorus solubilizing bacteria (PSB) are
known to solubilize fixed phosphorus. Biochar is not only a nutrients
rich organic amendment but also a very relevant input in relation to
present climate change trend. Compost has been reported for a long
time to improve soil physical properties in addition to having sufficient
quantity of essential nutrients to sustain higher crops yield. Therefore,
the application of two PSB strains, Achromobactor xylosoxides (S1)
and Pseudomonas aeruginosa (S3), were tested in combination with
and without a mixture of biochar and compost to improve some
selective growth parameters of maize. The data obtained depicted that
the mixture of biochar and compost significantly improved maize growth
parameters as compared PSB strains and the control. Combination of
PSB, biochar and compost remained more effective than their separate
application. The PSB strain, Achromobactor xylosoxides was observed
to be better than the Pseudomonas aeruginosa with and without
organic supplements. Conclusively, the efficiency of PSB strains
increases when used in conjunction with organic supplements like
biochar and compost with respect to phosphorus and chlorophyll
content and maize growth indices.
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Introduction

Phosphorus is a primary macro nutrient essential for plant
growth. Using soil microbes like phosphorus solubilizing bacteria
(PSB) or mycorrhizae is a friendly approach to increase the
availability of phosphorus. Soil organic amendments like a biochar
improve the plant growth by changing the soil physical and
chemical properties. It is estimated that less than 1% soluble
orthophosphate out of total phosphorus ratio absorbed by plant [1].
The quantity of phosphorus available for plant uptake is very low in
Pakistani soils. Phosphorus is present in both organic and inorganic
forms in soil. The largest portion of total phosphorus in soil is in
organic from [2] e.,g., nucleotides and phospholipids have been
reported to improve the plant growth. Phosphorus is bound in soil
organically and inorganically [3].

A vast range of micro-organisms solubilize the inorganic phosphorus
[4]. The soil pH decreases and bound phosphorus with calcium
dissociates through release of citrate and gluconate by the microbes
[5]. The plant growth promoting rhizobacteria (PGPR) produce various
biochemical substance such as hydrogen sulfide, humic substances,
carbon dioxides, protons, mineral acids, organic acids and siderophores
[6-7]. Certain organic acids like acetic, glycolic, lactic, isobutyric,
malonic, isovaleric, 2-keto-gluconic and succinic acids etc., are
produced by PSB, which cause acidification in surrounding soil and
release soluble orthophosphate ions [8]. The orthophosphate ions
solubilized by organic acids become available to plant [9]. The
siderophores play an important role to solubilize the insoluble
phosphates [10]. The rhizosphere bacteria release different types of
exudates which solubilize the phosphorus and potassium. Moreover,
they also produce various growth regulators which improve the plant
growth [11]. The PSB release the fixed phosphorus and make it
available for plant uptake .The beneficial bacteria including
Arthrobacter, Bacillus, Pseudomonas, Rhizobium, Erwinia, and
Azospirillum are used to formulate bio-fertilizers on industrial scale.

Biochar is a charcoal like substance that is prepared after burning
the different organic residues such as feed stocks by limited supply of
02 [12]. High surface area and porosity are key characteristics of
biochar [38]. Use of biochar in soil improves the soil physio chemical
properties, such as soil porosity, CEC and soil structure [5]. The
biochar application significantly stabilizes the ecosystem, sequesters
carbon thus leading to the mitigation of climate change effects and
improving soil fertility [13-14]. The biochar makes the nutrient cycling
more beneficial for plant growth [15]. The other benefits of biochar
addition in soil include the increase in C, N and P level and water
absorbing capacity [16-17], that of Ca, Mg and Zn [18] and decrease
in the leaching losses of some macro nutrient [19-20]. Addition of
biochar renders the water free from the heavy metals [21].

Composts are formed from raw organic material. Compost
increases organic matter content and macro and micro nutrients in
soil, which improve the plant growth and yield [22].

Maize (Zea mays L.) is a cereal crop that is grown all over the
world. The maize oil is also used for edible purpose. So an
experiment was designed with the hypothesis that the PSB, biochar
and compost would improve phosphorus and chlorophyll content and



growth indices of maize. based software “Statistix 8.1” was used.

Materials and Methods Results

A pot trial was conducted in the Department of Soil Plant fresh shoot weight, root length and shoot length
Science, BZ University Multan, Pakistan to study the effect of two Both the strain and organic amendments improved maize growth

PSB strains in combination with biocahr and compost. Following indices. Maximum and significantly improved fresh shoot weight, root

treatments were applied; Strain 1 (Achromobactor xylosoxides), length and shoot length were observed, when the strain 1 was used
; . S

Strim 3 (Pseudomonas aer uglnosoa), compost 0'05/" + biochar in combination with biochar and compost. The strain | proved more

0.5%, strain 1 (PSB) + compost 0.5% + biochar 0.5% and strain 3 effective than the strain 3. Though compost and biochar mixture

(PSB) + compost 0.5% + biochar 0.5%. The maize seeds were improved growth indices as compared to the PSB strains, but when

grown in clay pots having 10 kg soil. Seven seed were sown in efficacy of organic amendments and biochar increased while used
each pots combined.
PSB Strains Table 1: Chemical Properties of Biochar

The PSB strains, S1 and S3 were collected from the Elements/Components | Units | Saw Dust Biochar
Laboratory of Soil and Environmental Microbiology of the
Department of Soil Science, BZ University. The inocula were . 5

. . L : Nitrogen % 1.60
prepared in Erlenmeyer flask with DF salt minimal medium [23]. Phoson % 0.40
The flask were kept in shaking 2 days at 28+1 °C, setting the OSpnorus ° '
shaker speed at 100 rpm. Uniform optical density was achieved Potassium % 210
with the help of spectrophotometer at 440 nm. pH - 8.30
Seed Coating Volatile Matter % 51.42

1 0,

The seeds of maize variety, 85S45 were dipped in iz(; %g;’::tn 0;0 ?igg
prepared culture medium of PSB strains for 2 hours. Clay, peat i :
and sugar solution (10%) in the ration of 1:1:1 were used as
carrier material for seeds coating. Table 2: Chemical Properties of Compost
Collection of feedstock and preparation of biochar Elements/Components Units Compost

Sawdust was dried in sunlight. Biochar was prepared Nitrogen % 1.0
through pyrolysis [24] at 450 °C for 2 hours. The prepared Phosphorus % 0.53
biochar was cooled down finally. Potassium % 55
Growth attributes pH - 7.5

Different growth parameters were measured like plant Elecirical conductivity dS m-" 207
shoot length (cm), root length (cm), shoot and root fresh weights 35 - .
(9), shoot and root weights (g), and chlorophyll content (SPAD). ] TL

30 A
Phosphorus content . £ ]
— 25 4 d
Plant samples of maize were cleaned and dried in an oven. 5 . c -

Ground samples were subjected to digestion [25] for recovery of %20 7 K
P. A 0.1g of the sample was taken in a digestion flask, two ml of § 15
H2S04 were added and left for 24 hour. This incubated samples e
were continued to be heated until fumes became visible. 1ml of 2107
H202 was added after an interval of every 20min until the 5 ]
material turned transparent. The volume was raised to 10 ml with
distilled water. The phosphorus content were found out in plant 0 Comsl 83 S1 (4B S34C4B  SI+C4B

through malachite green method [26] at spectrophotometer. , , , , .
Figure 1: Effect of PSB with and without compost and biochar mixture on

Chlorophyll content maize shoot fresh weight (g)

Mature enough green leaves were picked up from each
plant and chlorophyll contents were found out [27-28]. A 0.1gram
sample was weighed and dipped in 10ml of acetone solution
(80%) and kept for 24 hour with covers on the tubes. The
readings were recorded at 645 and 663 nm by
spectrophotometer. Actual chlorophyll contents were calculated
by the formula.

Statistical analysis

The data recorded were statistically analyzed [37]. Computer
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Figure 2: Effect of PSB with and without compost and biochar mixture on
maize root length (cm)
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Figure 3: Effect of PSB with and without compost and biochar mixture on
maize shoot length (cm)
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Figure 4: Effect of PSB with and without compost and biochar mixture on
maize plant height (cm)
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Figure 5: Effect of PSB with and without compost and biochar mixture on

phosphorus content in maize root

Phosphorus in shoots (mg'kg)

d
= e
£
) ﬂ H ﬂ
0 T T T
CONTROL 53 51

COM+B S$3+COM+B 51+COM+B

Figure 6: Effect of PSB with and without compost and biochar mixture on
phosphorus content in maize shoot
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Figure 7: Effect of PSB with and without compost and biochar mixture on
phosphorus content in maize chlorophyll content

Plant Height

The same treatment, strain1 + compost + biochar proved more
effective than the other treatments as far as maize plant height is
concerned. Both the strains are effective but the strain 1 is more
effective when applied alone or in combination with compost and
biochar. The mixture of compost and biochar remained more effective
than the PSB strains.

Shoot and root phosphorus concentration

Both the PSB strains increased the concentration of phosphorus in
shoot and root of the plants. In the same way the combination, strain
1 + compost + biochar remained better than other treatments. The
compost and biochar mixture exerted greater effect than the PSB
strains. The strain 1 resulted in more and significantly improved P
content than the strain 3, when used in separate and combination.

Chlorophyll Content

The same trend was observed in case of chlorophyll content. The
chlorophyll content increased with the PSB strain 1 and 3 over the
control. Compost and biochar mixture further improved chlorophyll as
compared to the control as well as both the strains. When the strains
were applied along with the compost and biochar, further significant
improvement was noticed. The strain 1 remained more effective than
the strain 3 when used either alone or in combination with compost
and biochar.

Discussion

The data revealed that the PSB strains showed improvement in all
the parameters noted, over the control. The mixture of compost, and



biochar remained better than the strains. The effectively of
compost and biochar in conjunction with the PSB strains
improved. The strain 1 showed better performance than that of
the strain 3. Increased fresh weight of maize has been reported
through the application of organic amendments. Addition of
organic amendments might have improved the soil physical
condition and increased availability of nutrients resulting in
improved shoot weight [29]. Schulz et al. [30] reported that the
biomass of oat plant was not affected by the use of organic
amendments. PSB have an important role in improving plants
growth as availability of phosphorus might have been promoted
[31-32]. Organic amendments result in an improvement in plant
height too [33]. The reason behind might be the better soil fertility
and provision of nutrients through those amendments. Brennan et
al. [29] observed that the addition of organic supplements
increased the length of maize roots and shoot significantly. Sgroy
et al. [31] reported that PSB also played their role to increase the
root length and shoot length. Application of organic substances
increase the phosphorus concentration in plants shoot and root
[34-35]. The bio-availability of phosphorus might have increased
for the plants through the application of organic amendments
Phosphorus uptake efficiency might have increased too due to
the release of root secretions and the presence of bacteria near
the root surface [36]. Ali et al. [33] observed that the
supplementation of organic amendments increased the
chlorophyll content significantly in wheat crop.

Conclusion

The result showed that application of PSB strains,
Achromobactor xylosoxides and Pseudomonas aeruginosa
assisted with biochar and compost improved growth and
physiological indices of maize crops.
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