Agricultural Engineering (Scientific Journal of Agriculture), 44 (4), Winter, 2022

[ Research Article I

Agricultural Engin., 44(4) (2022) 463-483 ISSN (E)- 2588-526X
DOI: 10.22055/agen.2022.39592.1624 ISSN (P): 2588-5944

Investigating the combined application of different levels of triple
superphosphate and native phosphate-solubilizing Pseudomonas bacteria
on growth indices of maize

A.R. Fallah Nosratabad'” and Sh. Shariati?

1. Soil and Water Research Institute, Agricultural Reaserch, Education and Extention Organization
(AREEO), Karaj, Iran (rezafayah@yahoo.com)

2. Department of Soil Science, University College of Agriculture and Natural Resources, University of
Tehran, Tehran, Iran (shayan_shariati@ut.ac.ir)

Received: 6 January 2022 Accepted: 11 March 2022

Abstract

Introduction: Phosphorus (P) is one of the most necessary plant nutrients and the second key plant
nutrient after nitrogen, which deeply affects the overall growth of plants. Most of the present P in
calcareous soils is biologically unavailable, therefore mobile P is rare despite the abundance of
both organic and inorganic forms of P in soils. It has been well-known that P use efficiency of
triple superphosphate (TSP) fertilizer in alkaline soils is low. Due to the increase in the price of
phosphate fertilizers and their low plant absorption (10-30%), the use of indigenous phosphate
solubilizing bacteria (PSB) to increase P-fertilizer-use efficiency and reduce its application amount
can be a perfect way. The combined use of bio-fertilizers and superphosphate is an important
component of integrated nutrient management, which leads to sustainable agriculture. This research
was carried out to investigate the contribution of native phosphate solubilizing Pseudomonas sp.
along with superphosphate application to increase soil P solubility, yield and nutrient concentration
of maize and improve some soil properties in a calcareous soil with low organic matter and
phosphorus.

Materials and Methods: Eleven strains of Pseudomonas sp (Pseudomonas sp. Pseudomonas
koreensis) bacteria were obtained from the Gene Bank of Iran Soil and Water Research Institute.
The phosphate solubilizing activity of each bacterium was evaluated in Sperber medium
quantitatively (liquid) and qualitatively (plates). Each bacterium was cultured in two plates with
three replications and incubated at 28 °C. Then the colony and halo diameter were measured on the
third, fifth, seventh, tenth, and fourteenth days after incubation. To evaluate phosphate solubility by
bacteria in a liquid medium, 50 ml of Sperber medium was prepared and sterilized with three
replications. Then 1 ml of fresh culture suspension of each bacterium with a population of 10’
cells/ml was inoculated into each Erlenmeyer flask (treatments and controls) and incubated at 150
rpm and 150 ° C for 14 days. Soluble phosphorus (Vanadate-molybdate method) and pH on the
first, third, tenth and fourteenth days of incubation were measured. To assay the interaction effects
of bacteria and triple superphosphate fertilizer on quantitative and qualitative yield of maize plant
and characteristics of soil cultivated in a soil with low level of organic matter and phosphorous, a
factorial based on randomized completely design including 8 bacteria (B0, B1, B2, B3, B4, B5, B6,
B7) and 4 triple superphosphate fertilizer levels (0, 40, 70 and 100% of the critical limit of soil
phosphorus) with 3 replications was conducted in greenhouse conditions. Sterilized pots containing
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7 kg of washed sands and soil (in a ratio of one to three) were prepared. A certain amount of triple
superphosphate fertilizer was added to each pot based on the treatments. The K as potassium
sulfate and N as urea were used based on soil test and fertilizer recommendations for maize. Five
germinated seeds (704 single cross cultivar) were planted in each pot. Seeds sown were inoculated
with 1 ml of the fresh bacterial suspension inoculum (1x10® CFU ml™). Then after two weeks,
three plants per pot were preserved and the rest were removed. Pots including different treatments
were irrigated, up to 80% moisture content of field capacity (FC), by distilled water using a weight
method. After 90 days, the dry weight of the plant was calculated (oven at 70 ° C for 48 hours). To
analyze the nutrients in the plant, roots and shoots were powdered separately by mill and digested
through dry burning method. The amount of phosphorus, potassium, nitrogen, iron, zinc, copper
and manganese were measured in shoot and root of the plants. Besides, the soil of each pot was
sampled and after air drying and passing through a 2 mm sieve, some characteristics of the
cultivated soil such as pH, EC, P (ava), TNV, Fe, Mn, Cu, Zn were measured and compared with
the initial soil properties (before planting). Data statistical analysis was performed using SAS
software and the mean comparison of treatment was carried out using Duncan's method.

Results and Discussion: The results of phosphorus solubilizing bacteria effect on the dissolution
of insoluble mineral phosphates in solid and liquid media showed the largest halo diameter (19.11
mm) and the highest dissolution of P (156.25% compared to the control) after the fourteenth day
incubation was belong to strain P21-1 and strain P55-1, respectively and a decrease in pH (45.5-
47.3 %). The results of the mean comparison showed that P,B; treatment could increase the shoot
dry weight by 47.45 %. P,B; treatment was able to increase 61.62% of root dry weight. P;,Bs and
B+oB, treatments were also able to increase P in shoots by 17.64%, PB4 treatment could increase
root phosphorus by 160%. Besides, the combined use of bio-fertilizer and superphosphate
increased the elements of iron, zinc, manganese, P, and reduced the electrical conductivity of the
soil.

Conclusion: All strains used in this study were able to dissolve phosphorus in both liquid and solid
media. The results showed that the co-application of biofertilizer and phosphorus fertilizer
increased the growth of maize plant (shoot and root dry weight) and shoot and root phosphorus
concentration compared to the control. In addition, the use of these treatments increased the
available phosphorus, iron and zinc in soil and decreased the electrical conductivity of the soil.
Therefore, the findings of this study indicate that the use of inoculants containing Pseudomonas sp.
and Pseudomonas koreensis can be considered as a suitable supplement to triple superphosphate
fertilizer in crop cultivation strategies.

Keywords: Bio-fertilizer, calcareous soil, maize growth, pseudomonas, triple superphosphate.
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Table (1) Variance analysis of bacteria and incubation time on the colony and halo diameter

Source of variation Degrees of Colony diameter Halo diameter CD/HD
Freedom (CD) (HD)
Bacteria 10 497" 92.58" 2,56
Day 4 3.94™ 890.44™ 29.29”
Bacteriax Day 40 0.12" 8.26" 0.27
Error 110 0.35 2.23 0.30
CcVv - 13.42 9.52 15.33

Mol Luzeo 53 (U7 b 4 dls slad i 9 Al J5 (T D p (S L FT) (ol O FT (xSl duslio (V) Jgur
Table (2) The mean comparison of the bacteria effects on CD, HD, and HD/CD.

Bacteria Colony diameter (mm) Halo diameter (mm) HD/CD
Pseudomonas sp.strain pss.; 4.16d 15.75 de 3/88 a
Pseudomonas sp. strain pag 4,55 bc 15.68 de 3/46 ¢

Pseudomonas sp.strain pg 4.30cd 1347 f 3/10d
Pseudomonas Koreensis strain pse., 4.03d 15.15¢€ 3/75 ab
Pseudomonas sp.strain peo.» 411d 13.43 f 3/25 cd
Pseudomonas sp. strain p,;.1 476b 19.11a 3/98 a
Pseudomonas Koreensis strain ps 5.37 a 17.04b 3/32 cd
Pseudomonas sp. strain p7».» 4.68b 16.76 bc 3/53 bc
Pseudomonas sp.strain pss., 4.13d 16.00 cd 3/81 ab
Pseudomonas sp.strian pss.1 4.06d 1348 f 3/33 cd
Pseudomonas sp. strain ps 4.35cd 16.66 bc 3/78 ab

Ml fasmo 38 (T Jhad b Al b S g Wl Jad (ST B g (39 §T) (ol O ST Sl duslio () Jou>
Table (3) The mean comparison of the day effects on CD, HD, and HD/CD.

Days Colony diameter (mm) Halo diameter (mm) HD/CD
3 4.02c 10/62 e 2/66 e
5 4.39b 13/99d 3/21d
7 4.39b 15/46 ¢ 3/55 ¢
10 4.59 ab 18.46 b 4/06 b
14 4.64 a 19.89 a 4/33 a
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Figure (1) Interaction effects of bacteria and days on halo diameter (HD) (mm)
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Table (4) Variance analysis of treatments effect on the pH and P concentration in the liquid medium

Source of variation Degrees of P concentration pH
Freedom
Bacteria 12 231.297 2.80"
Day 3 2461.16" 70.99”
Bacteriax Day 36 50.23" 0.46™
Error 104 1.00 0.01
CVv - 4.89 2.16
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Figure (2) Mean comparison of interaction effects of bacteria and days on a) soluble P and b) pH
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Table (5) Properties of selected soil

Parameter Soil pH EC TNV OM SP Pava Feava ZNava Kava
texture (dS/m) (%) (%) (W/W %) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)
Result Loam 7.7 151 13 0.84 29 5.46 2.04 0.22 212

O30 8 Khos Dlao p jhud oS o (5 5L g Dlaud pgw 095 blake 9 ol O ST il 519 4 555 (1) S
Table (6) Variance analysis of main and the interaction effects of phosphate solubilizing bacteria and triple
superphosphate on maize growth indices

Source of Degrees of Plant Chlorophyll ~ Shootwet Rootwet  Shoot  Root
variation Freedom height weight weigh dry dry

weight  weigh

Bacteria 7 47.21™ 3717 706.637  154.47  17.11° 1.28"

P 3 164.13" 14.36™ 1269.43" 72667  56.397 0.93”

Bacteriax P 21 79.64™ 150.51" 602.397 213237 20177 1467
Error 66 94.45 0.43 28.77 10.22 1.18 0.16

cVv - 11.22 2.86 3.33 27.94 498 1550

w3 ol (53 Khes Dlie p u § Oliud ygw 3957 9 STl bllie D11 Sk dwlie (V) Jgur
Table (7) The mean comparison of interaction effects of phosphate solubilizing bacteria and triple
superphosphate on maize growth indices

P Chlorophyll Shoot wet weight ~ Shoot dry weight ~ Root wet weight Root dry
Bacteria (pg/cmz) (g/Pot) (g/Pot) (g/Pot) weight
(g/Pot)
P 23.28 df 154.93 eh 17.66 ki 7.79 gl 2.58 dj
B Pao 24.11 bd 155.76 dh 20.90 fi 21.21 bd 3.18 bg
0 P70 26.08 a 116.19 k 17.03 1 2.00 1 1.60]j
P1oo 22.63 dh 168.74 be 21.29 eh 2.78 ki 1.79ij
Py 23.01dg 17357 b 26.54 ab 17.66 bf 3.35 af
P 21.48 gh 163.26 bg 21.13 fi 13.85 dh 2.52 dj
B, Pao 23/.28 df 167.66 be 23.48 cf 22.28 bc 417 a
P 22.89dg 160.60 bh 19.34 hl 9.89 fl 2.16 gj
P1oo 22.16 eh 174.36 b 22.62 dg 5.80 hl 2.51 dj
P 25.78 a 168.44 be 22.47dg 12.38 ¢j 2.99 bh
B, Pao 2251 dh 164.55 bf 25.60 bc 13.00 ei 3.14 bg
P70 25.16 ac 140/13 ij 19.34 hl 6.93 gl 1.63]j
P00 19.74 1 162.51 by 22.79dg 8.47 gl 2.42 gj
Po 23.20 df 190.70 a 26.04 ac 21.54 bd 3.48 ad
B Pao 23.33 df 141.30 ij 17.88 i 3.67 kK 1.85 ij
Pz 22.58 dg 167.23 be 23.47 cf 17.42 bf 2.44 ¢j
P1oo 23.85 ce 168.94 bd 22.57 dg 3.70 ki 1.67]
Po 23.29 df 152.97 fi 20.56 gj 4.90 il 2.19 gj
B, Pao 22.55 dh 158.02 ch 20.85 fi 3.62 ki 2.25gj
Pz 25.26 ac 163.88 bf 23.94 be 14.84 cg 2.63¢j
P10 21.95 fh 156.53 dh 20.86 fi 4.29l 2.04 hj
Po 22.78 dg 153.00 fi 20.02 gk 16.99 bf 2.26 g
Bs Pao 23.71 ce 155.51 dh 20.93 fi 3.95kl 1.77
P20 21.86 fh 149.75 gi 20.33 gk 5.84 hl 2.08 hj
P10o 21.66 fh 147.84 hi 22.77 dg 7.13 ¢l 2.63 ¢j
P 21.68 th 160.93 bh 18.45 il 17.29 bf 2.60 cj
Bg Pao 21.96 th 163.91 bf 22.69 dg 10.14 fl 2.79ci
Pz 22.16 eh 171.67 bc 24.35 bd 10.79 tk 2.79ci
P1oo 23.80 ce 187.19 a 26.08 ac 34.37 a 3.6l ac
Po 20.96 hi 161.64 by 22.34dg 6.78 gl 2.33 fj
B, Pao 23.23 df 131.43 20.50 gj 3.44 2.29 g
P 22.61 dh 165.80 bf 18.78 hl 23.89b 3.93ab

Pigo 25.41 ab 186.39 a 28.22 a 18.91 be 3.42 ae
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Table(8) Variance analysis of main and the interaction effects of phosphate solubilizing bacteria and triple
superphosphate on nutrient uptake of maize

Source of Degrees of Shoot Root
variation Freedom N P K P K
Bacteria 7 0.06°  0.00097 023" 0.003" 0.09”

P 3 0117  0.004” 0.09" 0.002™ 0.22"
Bacteriax P 21 0.05~  0.0004" 020" 0.0004™ 0.10™
Error 66 0.01 0.0001 0.03 0.00002 0.004
cVv - 5.42 6.26 3.84 5.21 18.50
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Table (9) The mean comparison of interaction effects of phosphate solubilizing bacteria and triple
superphosphate on the shoot and root macronutrient uptake of maize

Bacteria P Shoot Root

N (%) P (%) K (%) P (%) K (%)

Po 2.32a 0.17 di 524a 0.05p 0.21 gj
B P.g 2.14 ah 0.18 hg 4.63 dh 0.07 Im 0.37 dg
0 P 2.17 af 0.18 af 5.11 ac 0.07 In 1.20a
P100 1.93dj 0.19 ae 4.75 bh 0.08 km 0.23 fj

Py 1.87 fj 0.20 ab 4.67 ch 0.07 mn 0.28 gj

Po 2.21ad 0.15 hj 4.59 dh 0.05 op 0.30 gj

B, Pao 2.03 ai 0.16 ei 4.67 ch 0.06 no 0.23 fj
P70 2.12 ah 0.15 hj 4.28 h 0.06 op 0.33di

P10o 2.15ag 0.20 ac 4.55 dh 0.07 mn 0.19 ij

Po 1.97 ¢j 0.15 hj 4.87 af 0.05 op 0.19 hj
B, P.g 1.92 dj 0.17 ah 4.59 dh 0/09 ijk 0.47 cd
Pz 2.17 af 0.20a 4.75 bh 0.10 df 0.38 df

P1go 2.08 ah 0.18 bg 5.21ab 0.12 ab 0.18 ij

Po 2.12 ah 0.13] 4.32 gh 0.10dg 0.23 fj

B; P 2.17 ae 0.17 ei 5.15ac 0.10 dh 0.29 €j
P 2.05ai 0.16 ei 5.15ac 0.09fi 0.37 dg
P10o 2.07 ai 0.19 ae 4.83 af 0.12 bc 0.49 cd

Po 2.12 ah 0.16 fi 5.03 ad 0.09 ghi 0.19 hj
B, Pao 2.13ah 0.16 ei 4.85 af 0.09 ei 0.61 bc
P70 2.15ag 0.18 ag 4.79 ag 0.09 ik 0.66b
P10o 2.18 ae 0.20a 4.67 ch 0.13a 0.42 de

Po 2.13ah 0.13] 5.03 ad 0.08 jm 0.35di

Bs Pag 2.28 ab 0.18 ag 4.60 dh 0.09 hj 0.26 €]
Pz 2.27 ab 0.19 ad 4.62 dh 0.11ce 0.42 de

P10o 1.86 gj 0.17 bh 4.45 fgh 0.10 dh 0.14

Po 1.79 ij 0.13] 4.47 eh 0.08 km 0.29 gj
Bs Puo 2.11 ah 0.17 di 4.73 bh 0/11 cd 0.35dh
P70 2.17 af 0.15 gj 4.94 ae 0.11ce 0.27 ¢j
P100 1.91 €] 0.16 fi 4.54 eh 0.10 df 0.39 df
Po 2.23 abc 0.14 ij 4.73 bh 0.08l 0.39 df

B, Pao 2.03 bi 0.17 di 4.94 ae 0.11 cd 0.22 fj
P 1.85 hj 0.16 ei 5.14 ac 0.10 df 0.34 di

P10o 1.73]j 0.17 di 4.67 ch 0.09 fi 0/18 ij
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Table (10) Variance analysis of main and interaction effects of phosphate solubilizing bacteria and
triple superphosphate on some soil properties

Source of Degrees of Fe Cu Zn Mn Pava TNV pH EC
variation Freedom
Bacteria 7 735 0017 145 4517 1260 1147 0.017 0.09™
P 3 1486 0.047 365" 856 38727 0.03"® 0.005™ 0.03™
Bacteriax P 21 6.25°  0.008™ 2.097 4.44™ 3947 028" 0.008" 0.127
Error 66 0.22 0.34 0.03 0.15 0.28 015 0.004 0.04
cVv - 6.12 7.36 1469 496 1055 396 084 1540
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Table (11) The mean comparison of interaction effects of phosphate solubilizing bacteria and triple
superphosphate on some soil properties

. P Fe Mn Zn Pava
Bacteria (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) TNV (%)  EC (ds/m)

Py 7.70 gl 9.54 ac 0.88 fi 3.20 0p 9.73 bi 1.54 ad

Bo Pao 8.51 di 6.14 mn 1.11 ch 3.50 mp 10.06 af 1.28 ad
P+ 10.68 ab 10.30a 1.33 cf 4.60 hl 10.20 ae 1.55ad

P1oo 7.30im 8.33dh 1.41bd 4.10ip 10.25 ad 1.54 ad

Py 9.03 df 9.25 bd 0.95di 8.10b 9.90 ai 1.34 ad

B, Po 9.17 ce 10.21a 0.87 fi 3.13p 10.53 a 1.75a
P4o 6.04 no 6.72 km 0.87 fi 4.50 gm 10.00 ag 1.37 ad

Po 8.21 ¢j 9.15 be 1.84Db 5.20 eh 10.43 ab 1.21 ad

Pigo 9.09 cf 7.40 hk 1.06 ci 4.30 gn 9.83 ai 1.23 ad

B, Po 8.51di 8.18 eh 1.09 ci 3.26 np 9.83 ai 1.18 ad
Pao 7.21jm 7.85 gj 1.36 ce 3.60Ip 9.80 ai 1.04 cd

Pz 8.56 dh 8.38 dh 0.87 fi 4.86 fk 10.10 af 1.60 ac

Ply 9.63 hd 8.46 dg 1.19ch 4.26 gn 10.30 ac 1.17 bd

B, Po 4.84p 5.69n 0.62i 3.33np 9.23 gi 1.19 ad
Pao 6.74 lo 6.80 km 1.09ci 5.90 de 9.83 ai 1.52 ad

Po 1143 a 10.01 ab 570 a 7.90b 9.13i 1.49 ad

P1oo 6.25 mo 7.41 hk 1.05ci 6.86 c 9.80 ai 1.58 ac

B, Po 5.87 np 7.45 hk 0.73 hi 3.93 kp 10.20 ae 1.41 ad
Pao 6.96 kn 6.94 jm 1.41bd 4.06 ip 9.50 di 1.41 ad

Po 8.76 dg 8.05 fi 1.37 ce 5.66 ef 9.40fi 1.65 ab

P1go 3.57¢ 4380 0.89 ei 9.80a 9.70 bi 1.50 ad

B. Po 7.48 hl 7.42 hk 0.96 di 4.20 ho 9.73 bi 1.58 ad
P.o 8.03 ek 9.15 be 0.89 ei 5.20 eh 9.93 ah 1.54 ad

Pz 7.92 1l 7.45 hk 0.95di 6.90c 9.80 ai 1.43 ad

P10o 8.52 di 8.66 cg 1.29 cg 10.00a 9.90 ai 1.33 ad

Bs Po 7.96 ek 7.43 hk 0.83gi 4.60 gl 9.63 ci 1.20 ad
Pao 7.614gl 7.95 fi 1.29cg 3.731p 10.06 af 1.34 ad

Po 7.38 hm 8.34 dh 1.82b 5.10 ei 9.63 ci 1.59 ad

P1oo 5.74 op 6.19 In 0.90 ei 6.70 cd 9.16 hi 1.38 ad

B, Po 6.93 kn 7121l 0.86 fi 3.601Ip 9.13i 1.44 ad
Pao 8.11 ek 7.97 fi 1.11ch 4.00 jp 9.13i 1.61 ad

P 10.08 bc 8.90 cf 1.37 ce 5.26 eg 9.46 ei 1.00d

P1oo 7.98 ek 7.83 gj 1.52 be 5.00 €] 9.40 fi 1.17 ad
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Figure (3) The mean comparison of interaction effects of phosphate solubilizing bacteria and triple

superphosphate on soil P
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