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Table 1. Some chemical characteristics of used Biochare

P ava CEC Humidity  Residual Ash 0oC EC pH

(mg kg™) (Cmol kg) (%) (dsm™)

20.8 13.2 4.64 10.0 87.7 185 10.4
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Table 2. Selected physical and chemical characteristics of studied soils
Sand Silt Clay Zn Fe Mn Cu Ks Paa OC TNV EC
(%) (mg kg*) (%) PH "~ (ds m)

30 40 30 041 62 96 076 202 8 0.92 39 7.76 0.69
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Table 3. Analysis of variance results for phosphorus, phosphorous soluble bacteria and biochar effects on some measurement parameters

Fresh Dry Volume  Fresh Dry Soil
forage forage of roots roots Eoglk’: -EOEL: -LI-JOttE;IkPe( le)t?;kze n organic
yield yield Roots  weight weight P P P P carbon

Soail Soail

df Stems Stems
salinity  acidity

Sources of variation Height diameter

Phosphorous 3 666" 5.47 12317 248™ 536™ 319™ 30" 492301 3263™ 307530 304088™ 2.30™ 0.34™  0.169"
Bacteria 1 122" 0.001™  6154™ 232" 105™ 573 417 197762 732™ 66380 5084 " 0.75™ 2.02" 0.088"
Phosphorous* Bacteria 3 113  0.90™ 26617 507 276" 510™ 52" 1127517 756  72473™ 520627 1.81  0.29™ 0.007"
Biochare 1 120" 0.19" 1970" 0.06 "™ 400™ 539™ 39™ 1170  1513™ 39503 95052  4.97™ 2.03™ 0.003"
Phosphorous *Biochare 3 56 0.42" 694 ns 72" 347 496™ 347 125262 18217  46245™ 104628™ 0.25™ 0.31™ 0.048™
Bacteria * Biochare 1 70m 3.63M™ 98 ns 85™ 36 ™ 148" 10™ 89010™  2626™  98918™  75050™  0.75™ 4217 0.090™
P * Bacteria * Biochare 3 95ns 2.60™ 306 ns 77 262" 272" 30™ 38563 2120  30251" 47899™  0.21™  0.08™ 0.016"™
Error 32 98 0.95 311 8 34 24 0.57 5930 151 7802 10214 0.03 0.06 0.033
CV(%) 17.9 15.0 21.3 19.5 20.0 22.6 11.5 14.3 20.4 16.9 18.9 13.0 18.4 2.48

1D 9 1Y gdaw 1o o gme « (5)l0 gre é o * g **ns) *
(Ns, ** and * represent non-significant, significant at 1% and 5% level, respectively).
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Table 4. The main effects of different treatments on some measurement parameters

Stems Stems Fresh Dry Volume Fresh Dry Total P Total N Total Total Zn SO'I. Soil Soil

Treatment Height  diameter fo_r age fo_r %€ 4f Roots roots roots uptake uptake K uptake organic salinity  acidity
reatments yield yield weight  weight uptake carbon

(cm) (mm) (g pot™) (cm?) (g pot™) (mg pot™) (ug pot?) %) (dSm™)
PO 47.1b 583  724b  100c  19.3b  16.4b 4.3c 418c  3530d 4000c  375¢ 183  127b  7.44a
P25 505b  6.13bc  79.0b  11.5c  30.3a  184b  69b  508b  4380c 4?)50 486b  1.63ab  1.30b  7.47a
P50 62.2a 7.33a  832ab  149b  34.2a 27.4a 7.1b 580b  5380b 4880b  526b 1.46b  1.17b 7.27a
P75 60.6a  6.82ab  96.4a  20.3a  32.3a 24.6a 8.0a 785a  8190a 7570a  753a 0.83c  1.57a 7.24a
BO 53.5a 653  714b  12.0b  243b  18.2b 5.6b 463b  4730b 4850b  524a 1250  1.53a 7.31a
B1 567a  6.78a  97.da  164a  337a  251a  75a  703a  6010a 55&90 544a  150a  112b  7.40a
co 54.5a 6.47a 76.4b  14.1a  26.1b  18.3b 5.6b 520b  5320a 4940b  490a 1.05b  1.12b 7.34a
Cl 55.8a 6.59a 89.2a 14.4a 31.9a 25.0a 7.5a 647 a 5420a 5510a 579 a 1.69a 1.53a 7.36a

B pan g Byas pae Kilo w5 4B gBO (S p,55LS 1P20s 0,5 Lo YO 50 YO yao Kily ol 4 P75 §P50 P25 PO 558 Jgoz 10 .aiylas (P<e/+0) (5 o sme BB (SSlo (slasals iz fyg03] ulsl 51 S it B9, (51 (slonSile
ol gy S5 (S35 0 VD B pas g Bpas pae [ Kly o5 4CL gCO g 5,550 ol 00 50

Means with common letters have no significant difference according to Duncan's multiple range test (p<0.05). In this table, PO, P25, P50 and P75 indictor if applivation of zero, 25, 50 and 75 mg .kg* of P,Os, BO and B1
represented 0 and 59 phosphate solubilizing bacteria per pot and CO and C1 represented 0 and 1.5% by weight biochar per each pot.
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Table 4. The combined effects of phosphorous, phosphate solubilizing bacteria and biochar on some measured parameters

Stems Stems Fresh forage  Dryforage  Volume  Freshroots Dryroots TotalP  Total N Total K Total Zn  Soil organic Soil Soil
Treatments  Height  diameter yield yield of Roots weight weight uptake uptake uptake uptake carbon salinity acidity

(cm) (mm) (g pot?) (cm®) (g pot?) (mg pot™) (ug pot™) %) (dS m*)
POBOCO 4584  5.70cd 54.2ef 7.8fg 19.7ef 14.3cd 4.5fgh 363f  2767gh  2990ef  3300ef 1.61bc 1.05de  7.61a
POBOC1 480cd  5.33d 57.3¢f 7.5fg 20.7ef 13.3d 3.6h 430def  2513h  3420ef  3617def 2.90b 1.60bc  7.33abc
POBICO  493pcd  5.80cd 83.8be 12.2dg 20.0ef 22.8bc 50fg  433def  3967fg  5203cd  4070def 2.06a 1.26cd  7.45abc
POB1C1 452ad  6.47ad 94.3bcd  12.4dg 16.7f 15.2¢d 4.1fgh  520def  4900def  4390de  3997def 2.44a 1.63cd  7.46abc
P25B0CO  5g0ad  6.30bcd 64.2def 11.3dg 40.0bc 22.8bc 3.2h 480def  440lef  4577df  5153cde 0.93de 1.02de  7.38abc
P25BOCL  49.1bcd  6.63ad 103.7ab 12.8cf 44.0b 27.5b 9.6b 540de  5727cde  5850cd  6307bc 1.93b 1.40b  7.42abc
P25B1CO  473cd  5.70cd 65.8cf 9.5efg 17.5f 12.2d 3.6gh  490def 3537fgh  2990ef  2700f 1.31c 1.75bc  7.48abc
P25B1C1  497bcd  5.90cd 82.3be 12.6dg 19.7ef 10.8d 4.0gh 617cd  384fgh  4390de  5267cd 2.36a 2082  7.52ab
PS0BOCO 5443  6.57ad 48.2f 7.49 40.0bc 12.7b 10.0b 300f  2810gh  2610f 2323f 1.20cd 1.06de  7.23bc
PS0BOC1  go.gad  8.27a 59.2¢f 13.4cde 55.0a 43.3a 12.4a  490def  6510bc  5260cd  7087bc 1.83b 2.02a  7.20bc
PS0BICO  g58abc  7.60abc  95.7bcd 17.9bc 26.7def  16.9cd 4.2fgh 920b  5917cd  5267cd  5230cd 0.72fg 1.07de  7.l4c
PSOBICl 71812  6.87abc 129.3a 25.3a 35.0bcd 26.7b 5.4ef 1137a  11140a  8597a  8580a 0.84ef 2.02a  7.48abc
P75BOCO 5564  6.20bcd 98.7abc 16.1bcd 20.0¢f 12.7d 69cd  527def  7020bc  6273bc  6813bc 0.46g 2.02a  7.26ahc
P7SBOCl  5gsad  7.23ad 85.5be 19.4b 30.0cde 26.8d 6.4de 573de  609.cd  7847b  7303b 1.10cde 2.36a 7.15¢
P75BICO  67.0ah  7.83ab 99.7abc 14.3cde  25.0def  14.5cd 7.8¢ 643cd  6277bcd  6393bc  5267bc 0.81ef 1.80cd  7.31abc
P7SBICL  5ggad  6.00bcd 101.7ab 20.7b 34.0bcd 26.7b 10.90 867b  7520b  6544bc  6443bc 1.13cd 2.00a  7.230c

5 pan pae Sl cud i 4Bl 3 B0 S5 p 55LS 5P205 0,5 Lo VO 90+ VO o il i i 4 P75 P50 P25 PO 558 Jgaz ;0 05,08 (PS+/+0) (g)lo gme M (S5l (glasals wiz (yg03] bl 5 S jidn By sl (slonSilee

o Gy J&5 (539 20,0 VB B pan g B pan pae Sk w5 4 CL 5 CO 5 6581 HlolS jo 0.5 0 B pas

Means with common letters have no significant difference according to Duncan's multiple range test (p<0.05). In this table, PO, P25, P50 and P75 indictor if applivation of zero, 25, 50 and 75 mg .kg* of P,Os, BO and B1
represented 0 and 5g phosphate solubilizing bacteria per pot and CO and C1 represented 0 and 1.5% by weight biochar per each pot.
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Effects of Phosphorous and Biochar Application on the Phosphorous
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Solubilizing Bacteria
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Abstract

Due to the calcareous nature of our country's soils, the plant phosphorus availability is low. In order
to study the effects of soil microorganisms and biochar application on the phosphorous availability,
growth and yield of sorghum and some soil chemical characteristics, a pot experiment as factorial in
completely randomized design were conducted. In this research, effects of two treatments of
inoculation and non-inoculation of phosphate solubilizing bacteria and two biochar consumption
treatments (0 and 1.5% by weight) on the four levels of zero, 25, 50 and 75 mg .kg™ of P,Os as triple
superphosphate source, in three replications were studied. The results showed that phosphate
solubilizing bacteria inoculation and biochar application had a significant increase on the volumes,
fresh and dry weight of roots, fresh forage yield and phosphorous, nitrogen, potassium and zinc
uptake. Using phosphorus increased the forage weight by increasing the height and diameter of the
stems. Phosphorus application also increased soil salinity and decreased soil organic carbon, but

bacteria inoculation increased the amounts of organic carbon and decreased soil salinity while
biochar application increased both of organic carbon and salinity amounts. None of them had a
significant effect on soil acidity. Data showed that although single application of the biochar and or
bacteria had significant effects on the phosphorus uptake increases, but combined use of biochar and
phosphorus and bacteria with phosphorus and also combination of these three treatments caused
sorghum yield increases by increasing of phosphorus uptake. In other words, biochar or bacterial had
a positive effect on the phosphorus effectiveness so that the highest plant height, fresh and dry forage,
and the highest phosphorus, nitrogen, potassium and zinc uptake were obtained from the combined
use of phosphorus solubilizing bacteria, biochar and 50 mg P,Os per kg of soil.
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