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3- Rhizobium
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1- Phosphorus Solubilizing Index
2- Bacillus persicus
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Table 1- Some chemical characteristics of the studied soil and solid waste

BB i o ) glaol s Calad culld
A Total Organic Calcium - H
Available phosphorus carbon carbonates Electrical p
phosphorus . conductivity (EC)
equivalent
mg.Kg? g.100g* ds.mt .
(Soil) s 146 0.11 06 36 0.2 7.80
(Waste) sl - 155 37 23.3 1.34 7.70
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Table 2- Analysis of variance for soil properties as affected by waste (W), bacteria (B) and incubation time (T)

5 e Gilaryy  wawl IS iod by el jUlmd
Sources of variation Degree of pH Organic Phosphorus Basal Phosphatase
freedom carbon respiration
(Waste) slow 2 2.89™ 88.09™ 238725™ 0.947™ 0.88m
(Bacteria) s, 2 0.13" 0.50™ 548.78" 0.039" 3.24™
(Time) .b; 10 151" 11.66" 40078.14" 0.217 103.82
(WastexBacteria) ¢ ;Sb X slowy 4 0.05™ 0.33" 2344.32" 0.028" 2.53"
(WatexTime) boj X sl 20 0.05™ 0.74™ 8893.37™ 0.074™ 157
(BacteriaxTime) ;b X s S\, 20 0.06™ 0.42™ 1294.19" 0.033" 0.94™
ol X 5t XM‘W . 0.02™ 0.20™ 1017.01* 0.019™ 1.06™
(WastexBacteriaxTime)
(Error) s 198 0.01 0.10 198.39 0.010 0.39
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Values marked by * and ** are significant at 5% and 1% probability levels, respectively, and values marked by ™, are not significant
at 5% probability level.
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Figure 1- Effect of solid waste and bacteria interactions on A) pH, B) basal microbial respiration, C) organic carbon and D)

available phosphorus in soil
W0, W2, and W4 denote 0, 2 and 4% solid waste levels respectively, and Bn, Bi, and Bp denote uninoculated soil and soil inoculated
with native Bacilus sp. and Bacillus persicus respectively. In each figure, different letters on columns indicate significant differences
at p< 0.05 and error bars are deviations from the criteria (n=3).

dtold ¢ 2B 1.5 Blge 0s 4y pupluvl bwg 09,50 3l Dlge
55 g5 g Jlosle 455 ol o 53 5 005 o bag B culled
Sgn ] Mg ol 043 o5 it (sate0ly5 slacy
5 L gl 1 5ko 5LalS 105, 0aisl33l suio slogs Sl Lawgs
Sl 3 el by (28 (slacslon S8 > g o ulipegipw
G 2 F N0) cwl o oLl (ool o, jingh bwes
o 5989 yd Adgi L Sisn 5l g5 52 938l s ST S0

dnoly S8 e SIS 4 Slowy ()3938] o a3 &

S5 T slgo Slows 55 Ll b g ol s SB g,Sn
4S5 538 )35 55 (M) phlSen 5 (Sl aidly il
Al osle (glyms glalando L5 oo 4y N (slosilonsy (13959
chw 2 0 SB 4 b el Sl bl sad o il 1) S
Hrle o s 0d SB T )8 (8l s Slowy
sl & gl g 0nd g Sen dnels oyl canm sl b S



AR Sl )l - (19059, I oyleds FF b (S g ol 4,05 VYY

Paely o sl g ob 0dd Siale (o ushwl L L
S 4 oud 03938 JI bl (Sijod o on slos Sl 009
)‘J.O.a u&’l.w cJJlAMaJ Jo yd ¥ 9 Y dl)l) Sk P sy P .Jw)l;

OIS sly Slals 5,8 o doly (V) oySan 5 5,
@ ataly ) g ogee (B3 g (odngy b 0 o) (LIS %9,
¢ yhuad by Jlo  olie dlge d}L.ublﬂ ol g ‘_'ﬂ O (Pdwo
5l oslinl b (o318 olasls o,y waiiasls (al 5w juie comadS
b (A Gane cage b ¢l JI oS 5 (S wle
(YY) Mg so I

b Sme 3 ) are (i SB JBlansd o5l colld e 51
5305 580 Lajles gty ol o Ll a8 o (3 JT jid
Sacie > Layled o @oglas aS opl m il 3l op) cdled
ol Callad e p i 59y o & 98 53 gne JBlind 5]
9 yio Sl L 4les ;> (V#/YY mg PNP.g Soil*h?) ;blaws
nieS g ol Cuwd &y oSy pusleol 38 L odd Sale
sl 5 (VO/YS mg PNP.g Soilth?) o1 ool cld lade
G5 g o o 3 A5 02y (A6L8) Slows (19 9 681 (g
LSS j0 b du0e )0 e L Slawd ouilS > sla oS
5 I bl ildlil b ) GlalS (o yiod Glie Rl
A5 i game g Il (laail s buwgy S jand  Same
(%)

9590 SLaS5a9 = Gl yo Lags Sy lasaa 5 el
dalllas

AT 025 5 (S by el

obej 3 asllas 3)50 lags Sk (iSeo Sl ¥ IS5 5
ol 03d 03 L I )8 g Al i lade p dilisee cla
Olwy S (M oy S  ploj 52 658k daly (:Sloe dunlic
9392 JSb (gladsSSj Jles dw po 3 Lalages .cudlis (ool
slo b5 g dol Cowd 4 YA jo, 50 slosd dw yo 55 ()8 e op 5YL
VP 59y 0 o SB ()8 Jlade (0SBl bl (85 55)) poo
i Jladie p 5YLs el s & g2 uplewl (5381 L o
osbeol S L osds Siale jled )3 9 VNV gy 0 SB 4l
39y 9 2ld jlesi g Sk maw plaa ¥ ey L a5 4S5 0> e
ool S5 Sy sl 6 7SL b ord Sjaule slowi V8
Tokw o & €S g e dous (3 P>/ 0) Cusll (g5 puis
D)l 929 (JgE (9,5 aly udls Ly, > (S

2 55k ol o 45 45 g8 oo o) ) ) xS ol
] gy o Sgn 5l g 5 @) by 55l
P rlRe uphaol g j59 000 M55 (0) OhlSen 5 ()0l S

2y (B la olS Ay 3 ()8 sbs)lon S Jole |,

S 5 oy BB s
ke ol (AiS ey doly (Sle dugliie >) S0
b ol oad 0oly lis S o yiwd BB jawd p (655 g dilowy
Gl 8 5L ogtos LB i e ctaly Sl o (sl
4o bgpe SLS jausd jlade (il & sk & 8L (5 ine
gl 48 39 638k (Siale (g 9 20> ¥ oy s jles
il SUs agy bl s o U 5y S i (5]
JoB i b )i ¥ o yao 5l bl 2oy i8I L (P>4/40)
yand (Y lade | 5L Wlgs o yol ol 48T il a8l e i
Wb Slows 3 29390
248 b o Slowy gaw 2 5 b S dely (o0 b
i 5l > posSeay sl 7S Slay 9y S
3 03,5 33 e 3SL ol 48 (60ud (gojlul ax ST wodgs el S
L odcts japle S 5 ST 5l ond i oogy pwsleaols b dunglio
9 S5 ol 4Bl (6 S paie (s lol ciglis (als) (6L
e glie jload (6pSojlil oy LB jhud pi Sl
opbl S (ool ol 4 Lol 1 gl o ol b
435 ) 48 39,00 il el "By Sl yod (slac upSiay
oS Coiw b Lalyd (0 g 03¢ dal S Slawd  Saxe gl
SY g yio ey o GRIEIL sl 53800 (e (o
00 Ol yaud a5l 0gr el IS S 5l onis s ogr yuslawl
osbwl buwgs 015 31 jhund b (68wt 5)lol gl ] Lawgs
ey o)l 4l ol P>/ +0) Cal 42385 upSensy
O Ll g3l balys 55 JTolge 5l esliwl 4 S og
e caolio byl b S B 5> Ygons 45 aas o i |, S
3 otmeiy ol 59 48 el Y en Ggsliy SB I bl
&S o ¥4Vl Slows gdaw il b ool 0ud a0l Silownss
Coldy doly 5l 658 90y il (gole e S i b
o ol g onis (Sianle (68 o] 3 a8 SB g onds )5
s 0335 558 o) Ylais] 5 03,556 wi 43 o olylla 3,
oLSen cgonl ol oyl il 039 sal,lS s (gilula, )
ol & gl 2 o8 amd e L |y I (bl (Sijgsp o sy
Sod Hlade glds 390 S el (VF 5 VA) sl 0id oLl S0

1- Oligotrophic



VPO Sl S Sy 4o LTy A5 aal wilowwny 51 yiad (6 3Lwdl3T 55 (walowls slogs 55l oly

0.7 7
—®— Basal Respiration
0.6 A
,-.‘l-l
0.5 ! i
H 1
H ]
i L]
i \
! \
' \
H \
I

(29550 Ay il

Basal respiration (mg CO,. gy gi-day!)
(=]
=y

0.2 1

0.1 A

--4&-- Organic Carbon

(;-8001°5) uoqJes os1uesIO
SEP

(=1 ] B ol 1] F] o] 1 o] (o] Ko I ] K8 Fo B 1] o] e ] (o] o) K] R K E] R £ ] S]] o] o] ] o
Bn Bi Bp

S I )5 g o195l oS 2 (595) oloj 13 ST GHS 2 2 daly (ko mmlio —Y IS
ol oSy poslosls g o3y uphasl b 0as Gale g i Sjasle S Sy a5 4 BP 4 Bi BN
Figure 2- Effect of bacteria and time interactions on microbial basal respiration and organic carbon in soil
Bn, Bi, and Bp denote uninoculated soil and soil inoculated with native Bacilus sp. and Bacillus persicus respectively.
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Figure 3- Effect of bacteria and time interactions on available phosphorus and phosphatase activity in soil
Bn, Bi, and Bp denote un-inoculated soil and soil inoculated with native Bacilus sp. and Bacillus persicus respectively.
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Figure 4- Effect of solid waste and time interactions on basal microbial respiration and organic carbon in soil
WO, W2, and W4 denote 0, 2 and 4% solid waste levels respectively.
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Figure 5- Effect of waste and time interactions on available phosphorus and phosphatase activity in soil
W0, W2, and W4 denote 0, 2 and 4% solid waste levels, respectively.
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Introduction: Due to the increasing development of edible oil processing industries, large amounts of
wastewater and solid wastes (SW) are inevitable in these industries. Organic wastes can be used as soil
conditioners in agriculture due to the high content of organic matter and nutrient loads. Phosphorus solubilizing
bacteria including Bacillus spp., Pseudomonads and Rhizobium spp. can release phosphorus from insoluble
organic and mineral sources in soil. Most soils in the semi-arid regions, including southern parts of Guilan
province, have low organic matter content and do not support plant cultivation due to the low fertility and
instability of soils. Hence, industrial wastes can be applied as a suitable and low-cost source of organic materials
and nutrients in these soils. As phosphorus is one of the most important essential nutrients in plant nutrition
which is also present in oil refinery soild wastes and P solubilizing bacteria can release phosphorus from the
organic phase of the wastes and make it available in the soil solution, this study aimed to investigate the
available phosphorus (Pava) content of soil after simultaneous addition of olive refinery-solid wastes and P
solubilizing Bacillus spp.

Materials and Methods: the solid waste obtained from Ganje Rudbar oil refinery plant (located in Rudbar,
Guilan province) and a soil sample was collected from a surface layer (0-30 cm) of a pasture, located in
Lowshan area (Guilan province). A native strain of Bacillus sp. was isolated from the sampled soil based on its
P-solubilizing ability in Sperber medium. An indicator strain, Bacillus persicus was also included in the
experiments. P-solubilizing ability of the indicator strain was also evaluated in Sperber medium. The experiment
was conducted in a completely randomized design based on factorial arrangement and three replications. Factors
included three levels of solid waste (0, 2 and 4%), three levels of inoculated bacteria (no bacteria, native Bacillus
sp. and Bacillus persicus) and eleven sampling times (0, 2, 7, 14, 28, 42, 56, 86, 116, 146, and 176 days).
Different levels of solid waste were added to the soil, inoculated with bacteria (108 cell/g), and incubated at
laboratory condition (~25 °C) for six months. The moisture content of the soil mixtures fixed around 0.7 FC and
kept constant during the incubation period. Sampling was done at desired times. The pH, organic carbon (OC),
soil Basal Respiration (BR), available phosphorus concentration (Pava), and phosphatase enzyme activity were
measured in soil samples. Data analysis and means comparison were done by Duncans’ test using SAS software
package.

Results and Discussion: The studied soil was loam in texture, and had slightly alkaline pH, moderate Paya,
and low OC content. The studied solid waste contained considerable OC and total P load. The effect of solid
waste (SW), bacteria, sampling time and their interactions were significant on most of the measured
characteristics (p < 0.05). SW application decreased soil pH and mixtures inoculated with native Bacillus sp. had
lower pH values compared to those inoculated with Bacillus persicus, probably due to the greater effect of
Bacillus spp. on SW decomposition compared with B. persicus. The highest average BR was attained in mixtures
contained 4% SW which was 1.24 and 1.73 times greater than that in mixtures contained 2 and 0% SW,
respectively. While the effect of SW on soil BR was obvious, bacteria inoculation had different impact on soil
organic material decomposition and the lowest BR was measured in soil (0% SW) inoculated with Bacillus
persicus. OC content of mixtures increased with SW application. The highest OC level (3.21 g 100g™?) was
obtained in uninoculated mixture contained 4% SW, which was significantly greater than OC levels in mixtures
inoculated with bacteria (p < 0.05). The lowest OC level (3.21 g 100g™) was observed in uninoculated soil (0%
SW). SW application significantly increased Pava. The greatest Pava concentration (142.77 mg Kg1) was attained
in uninoculated mixture contained 4% SW which was not significantly different from Pay concentration in 4%
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SW-mixture inoculated with native Bacillus sp. (P > 0.05). In control treatments (0% SW), Bacillus persicus was
efficient in P release from soil native organic carbon and/or phosphate minerals. However, among the soils
contained 2% SW, those inoculated with native Bacillus sp. had the highest Paa concentration. The average Pava
concentration in the 4% SW-mixtures was 136.33 mg Kg™' which was 3.5 times greater than that in control
treatment (0% SW). Although soil Pay, was related to phosphatase enzyme, this enzyme activity was not affected
by treatments. In the P-releasing trend, it was found that 4% SW-mixtures had the highest Paa concentration
after 6 months of incubation, and bacteria inoculation made the P-release trend to be flatter compared to control.

Conclusion: The application of oil refinery plant-solid waste improved the basal respiration of the studied
soil and increased available phosphorus concentration. The comparison of applied solid waste levels showed that
the inoculation of soil with Bacillus bacteria had a positive effect on available phosphorus concentration only at
2% solid waste level.
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