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1- Plant growth promoting rhizobacteria
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Table 1. Results of some physical and chemical properties of sandy soil

Soil texture pH EC 0.C CaCOs; N P K
dS m! % mg kg
Loamy Sand 7.53 0.47 0.25 14.25 008 764 98
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Table 2. Some characteristics of biochar and compost of trees pruning waste of Apple and grape

pruning waste

Characteristics Unit Apple Grape

Compost of pruning waste apple and grape

pH - 7.11 7.47 7.05
EC ds m? 0.06 0.10 17.87
C % 64.02 71.30 30.02
N % 0.22 0.86 3.72
P (Total) % 0.41 0.13 7.54
K g.kg? 16.44 22.56 29

CIN - 291 82.90 7.92
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Table 3. Mean comparisons of the organic source and microbial inoculation on pH, EC, OC and
macronutrients in the soil

Treatements pH EC oC N(Total) P-Olsen K- Available
dS mt % mg.kg*

Cont-PGPR+ 7.35¢ 0.47¢ 0.40¢ 0.11¢ 12.08¢ 224.0°
PWB-PGPR+ 7.69b 0.48¢ 0.724 0.15°¢ 29.77° 597.30°¢
PWC-PGPR+ 7.56° 1.192 1.66° 0.262 105.4082 734.502
Cont-PGPR- 7.58°¢ 0.31¢ 0.43¢ 0.09f 7.63f 154.20f
PWB-PGPR- 7.882 0.60° 0.91°¢ 0.124 15.93¢ 475.0¢
PWC-PGPR- 7.64b¢ 1.14° 1.842 0.22° 67.85° 662.40°
LSD 0.075 0.053 0.141 0.016 3.12 22.08

555 (gl sme BB wo s iy Jleil gl 0SSl plarals aiz 03] bl s caiil oo S e By (ll0 s b 40 45 ol Sile
Means with similar letters are not significantly different at 5% probability level according to Duncan tests.
PGPRslas xSL L eaili 5 5,50 el (900 0ol « ST o0lo (90 aalis ciwguaS )l 5 o 5 4 PGPR+45 PGPR- .Cont PWC PWB
PWB, PWC, Cont, PGPR- and PGPR biochar, compost, control (without organic matter), Control without microbial inoculation
and inoculation with PGPR bacteria, respectively.

S yo Span y polic 9 I 25 EC PH p 5 S 5 JT gl Sl s o - F Jgur
Table 4. Mean comparisons of the organic source and soil on pH, EC, OC and macronutrients in the soil

RS NRS
Parameters Cont PWB  PWC _ Cont  PWB _ pwc  LSDoss
pH 7.43° 7.782 7.58P 7.51¢ 7.812 7.63 0.075
EC dS m 0.45¢ 0.57¢ 1.20° 0.32¢ 0.42¢ 1.13 0.053
oC % 0.49¢ 0.97¢ 1.932 0.35¢ 0.73¢ 1.60P 0.141
N(Total) % 0.11¢ 0.14¢ 0.262 0.07f 0.12¢ 0.22b 0.016
P-Olsen N 19.06¢ 79.69®  11.26° 26.65¢  93.54% 3.12
K- Available 9Ky 163.14"  481.5¢ 624.7° 215.02¢ 590.7¢ 772.2¢ 22.08

B, g ls Se &kl B ss & Gl mhw jo (Sl (glasals wis 93] ool S i By > 55l sl Sile
Means with similar letters are not significantly different at 5% probability level according to Duncan tests.
Shgi el g yhegiy S CawgraSe g ( JTosle (g0 aals s 54 NRS RS PWC PWB Cont
Cont, PWB, PWC, RS and NRS, respectively Control (without organic matter), biochar,compost, rhizospher soil and non-rhizospher soil

S 40 Gpan y polic 9 I 09y EC 5 SB g (519,500 gl 1 pafiloo dumlio golis -0 Jgor
Table 5. Mean comparisons of the microbial inoculation and soil on EC, OC and macronutrients in the soil

Parameters RS NRS LSDg.0s
PGPR- PGPR+ PGPR- PGPR+

EC dS m? 0.68° 0.792 0.60°¢ 0.65° 0.053

ocC % 1.1882 1.072 0.93b° 0.86° 0.141

N(Total) % 0.15°¢ 0.192 0.13¢ 0.16° 0.016

P-Olsen mg kg 26.96¢ 44.50° 33.98¢ 53.66? 3.12

K- Available mg kg 387.1°¢ 459.1° 474.0P 578.12 22.08

5505 g0 sire (g Lol BB ao o iy Il mlaws (o Sl glasels iz gej] bl S i By > (6,00 slo Sk
Means with similar letters are not significantly different at 5% probability level according to Duncan tests.
Sigpy el 9 piwgy, S PGPR las xSU L sl 5 09,500 il o900 wals s 54 NRS 3 RS PGPR+ PGPR-
PGPR- and PGPR+, RS and NRS, respectively Control without microbial inoculation and inoculation with PGPR bacteria,
rhizospher soil and non-rhizospher soil
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Figure 1. Mean comparison of the organic source and microbial inoculation on N(A), P(B) and K(C) in plant
PGPR o 5 b els 5 s19,Se0m gorili ¢y0y 90l o JT oole (35 98L5 eunseaS'e Lo gus oo 5 4 PGPR+; PGPR- .Cont PWC PWB
PWB, PWC, Cont, PGPR- and PGPR biochar, compost, control (without organic matter), control (without microbial inoculation) and
inoculation with PGPR bacteria, respectively.
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Abstract

The organic matter and microorganisms affect the solubility and mobility of nutrients in the
rhizosphere and so improve their bioavailability. In order to evaluate the effect of biochar, pruning
waste compost of apple and grape trees and plant growth promoting rhizobacteria (PGPR) on
ability for macronutrient uptake in calcareous soil, an experiment carried out in a completely
randomized design under greenhouse condition in rhizobox. The factors including: the organic
matter (pruning waste biochar, pruning waste compost and control), microbial inoculation (PGPR
and control (without microbial inoculation)) and soil (rhizosphere and non-rhizosphere soil). At the
end of the growth period, pH, electrical conductivity (EC), Organic carbon and availability of
macronutrients in the rhizosphere and non-rhizosphere soils and concentration macronutrients in
the plant were determined. The results showed that the highest pH was in biochar (7.88) without
microbial inoculation. The amount of EC, N, P and K in compost treatment with PGPR inoculation
was significantly higher than other treatments. The highest organic carbon was observed in the
control of compost, which increased to 78.9% in comparison with microbial inoculation treatment.
Compost in provided more contents of EC, OC, N, P and K in the rhizosphere and non-rhizosphere
comparison with biochar, it indicating higher EC, OC and nutrients content in the compost that was
used. PGPR inoculation increased the availability of P and K by 1.21 and 1.26 times in non-
rhiozosphere soil, compared to the rhizosphere. However, EC, OC and N values in the rhizosphere
soil of the PGPR inoculation treatment were 1.22, 1.24 and 1.19 times higher than non-rhizosphere
soil, respectively. The higher uptake of N, P and k by plant in inoculum of PGPR biochar increased
48.60, 32.55 and 32.16 % compared to the control, respectively. In general, according to the results
of this study, it seems that the use of PGPR and appropriate amounts of biochar and compost, while
increasing the macronutrients availibity in the soil, improve the uptake of these elements for plants.
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