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ABSTRACT

Canola is a newly introduced oil crop into the Egyplian agriculture, it is
absolutely necessary to conduct research work in order to maximize s both
productivity and reduce costs. During both seasons (2003/04 and 2004/05) a field
experiment was carried out in the Experimental farm of the Agricuitural Research
Center (ARC) at Giza to evaiuate the response of three canola varieties namely
Serpd, Pactol and AD204 to inoculation with four types of bacteria (Rhizobia,
diazotrophs, Bacillus and a mixture of them). Nrtrogen was appiied at 15 as starter
dose and 50 kg N fed”' without inocl. (recommended) in two equal spiit doses applied
at 21 and 35 days after planting. Results of 140 day old plants indicate that inoculation
in general, had a positive effect on seed quality (% germination, shoot and radical
length, seedling weight and electrical oonduct:wty) Yield and yield components of
inoculated canola plants receiving 15 kg N fed’ were hlgher as compared to
uninoculated canola plants with full N-fertilizer dose (50 kg N fed™"). Inoculated plants
produced seeds with higher il content.

INTRODUCTION

Several advantages are favoring canola (Brassica nopusl) to be
grown in Egypt such as less water requirements, high productivity (=1000 kg
fed”), oil content (= 40%) and protein content (:20%), (Mahrous, 1991,
Kandil and Mahrous, 1996 and Mona., 2000). Many investigators studied the
effect of nitrogen fertilizer on canola seed yield, oil content, total crude
protein, total carbohydrates and other traits (Lewis ef al. 1987, Noureldin ef
al, 1994 a & b; Hammad and El-Sherbiny, 1999 and Awadalla, 2003).

Chemical fertilizers are important sources for plant nutrition, however,
they are expensive and cause environment pollution. Therefore, the attention
is pald towards the use of biofertilizers. Microorganisms provide many
benefits to the plant, especially bacteria, which have the ability to produce
plant growth substance, by producing and secreting some phytohormones
such auxins, gibberalling and cytokinines and | or by supplying biclogical
fixed nitrogen (Antuon et al., 1998 and Chiarini ef al., 1998). The relatively
high contribution of biological nitrogen fixation to non-legume crops could be
clear by the discovery of endophytic Bacterial colonization of roots, stems
and leaves of plants. Azofobacter, Asospirila and Bacillus polymyxa
associated with different non-legumes grown in various soils were reported to
have positive significant contributions to N-status of plant- soll system,
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(Chanway et al., 1988; Fayez, 1990 and Pacovesky, 1990 and Mona et al.,
2000).

b On the other hand, indirect mechanism as suppression of bacterial,
fungi and nematode pathogens by production of various metabolites, also,
increased uptake of nutrients such as nitrogen, phosphorus and potassium.

In general, inoculation with respective bacteria strains {(PGPR)
increased plant growth, yield and yield components, (Hoflid et a/.,1997, Galal
and Thabet., 2002 and Ragab and Rashad, 2003).

Therefore, the present study aims to investigate the interactive
effects of some N-fixing bacteria belong to Rhizobia, Azotobacter,
Azospiriiia and Bucillus polymax using PGRR inocula and NPK fertilizers
doses on metabolic activity and nutrients uptake efficiency of three canola
cultivars grown on clay loam soil under field conditions.

MATERIALS AND METHODS

A field experiment was carried out at the experimental farm of the
Agricultural Research Center (ARC]) at Giza during to success winter seasons
2003/2004 -2004/2005 to evaluate growth, yield and yield components of
canola plants as affected by bacteria inoculation, Before planting soil samples
were collected from different parts of the experimental sites as a composite
sample for chemical and mechanical analyses according to Biack et al.
{1965) (Table 1). During seed bed preparation, P,0s and K,0 were added as
single superphosphate (15.5% P;0s) and potassium sulphate (48% K;0) at
rates of 100 kg and 50 kg fed™, respectively.

Sero 4, Pacto! and AD 204 seed canola varieties were planted at a
rate of 4 kg seed fed” in rows 50 cm apart. Six treatments for each canola
varieties were included as follows:

1) Unioculated + 15 kg N fed" 2) unioculated + 50 kg N fed™ 3) Rhizobia
inocula + 15 kg N fed”  4) Dlazotrophs inocula + 15 kg N fed" 5) Bacmus
polymyxa inocula + 15 kg N fed” and 6) Mixed inocula + 15 kg N fed”. The
treatment were in three rephcates each and arranged in split plot design with
plot area of 3 x 3.5 m (10.5 m?).

. Bacterial strains. Azolobacler chroococcum, AzZospirillum brasilense
{Diazotropnsbacteria), Bacillus polymyxa (indophytic bacteria) and Rhizobium
legeminsarum biovar phaseolii (symbiotic bacteria), were kindly obtained
from Agriculture Microbiology Department, Scils, Water and Environment
Res. Inst., ARC, and they used as 1nocula for each treatment for coating
canola seeds at arate of 4 g/100 g seed”’ with seed load =10* cell per seed’

Nitrogen fertilizer as ammonium sulphate (20.5 %N) was applied at
rates of 15 and 50 kg N fed™ in two equal split doses at 21 and 35 days after
planting.

At harvest (140 day old plantsjthe foliowing characters were
measured: :
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Table 1: Analysis of soil samples obtained from experimental

sites in Giza
Giza fields
Analysis Season 1 Season 2
Mechanical analysis
Coarse sand 6.41 7.71
Fine sand 23.71 24.74
Silt 30.89 27.21
Clay 38.99 40.34
Texture Clay loam Ciay loam
Chemical analysis )
Organic carbon 071 0.73
Organic matter 1.24 1.27
Total nitrogen 0.17 0.19
Water holding capacity . 54.32 58.37
pH ' ) 7.62 7.43
EC dSm’ ' - 29 28
Apions and cations {meq I}
Bicarbonate coy - 08.40 8.11
Chloride err 11.71 10.57
Sulphate 50, 14.92 26.24
Calcium - Ca™ 9.53 8.61
Magnesium Mg™ , 257 2.60
Sodium Na' - 22.93 25.71
A} Laboratory tests:

A-1 Standard gern'unatlon seeds were incubated in filter paper at 20
'C for 7 days. Normal seedlings were counted according to international
values |.5.T.A. {1993) and expressed as germination percentage (%).
Seedling characteristics were assessed by measuring radical length
{cm), shoot length {cm), fresh and dry weight of seedling (g ptant™").
A-2-Electrical conductivity: the electrical conductivity of seed leachate
was determined according to procedure described by AO.S.A,, 1983. The
conductivity per gram of seed welght for each sample IS calculated by the
following formula:
Conductivity (Ms) for each sample
Weight of seed(g) of the same sampie

Ms.cm’ g_ =

B- Chemical determinations: B1- Nitrogen: total hitrogen in seed was
determined using Kjeidahl apparatis {(A.O.A.C., 1990). Crude protein was
caicutated by muitiplying the total nitrogen by 6. 25

B-2- Total carbohydrates percentage was evaluated accordlng to ADAC.
{1890)

B-3- Crude Oil (%) was determined using sexhlet apparatus and hexane as a
solvent according to A.Q.A.C. {1990).

B-4- Potassium content was estimated in the digest reffered previously by
flame photometer {Corning 410} according to the method described by
Chapman and Partt (1961).

B-5- Total phosphorus content was determined in the digested soiution as
described by Jackson, 1973.

C Agronomic determinations: p!ant hetght {cm), number of branches
plant”’, weight of 1000 seed (g seed’) and seed yield kg fed’ were
determined.
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Data were subjected to analysis of variance according to Steel and
Torrie {1980). .

RESULTS AND DISCUSSION

Data in Tables 2 & 3 show the characters which were significantly
affected by the interaction between various bacteria inocula and N-fertilizer,
Resuits indicate that application of 15 kg N fed” gave the lowest percentage
of 84.8 for standard germination and consequently, it recorded the lowest
vatues of 5.55 and 2.54 cm irrespective to shoot and radical length and
0.0153 and 0.0047 thg plant” for seedling fresh and dry weight, respectively.

Table {2): Standard germination, shoot and radical length of the
harvested canola seeds as affected by various bacterial
inocula under clay loam soil condition

% standard Shoot length | Radical length |
Treatment | Variety germination cm {cm
{ = [ 2 [Comb.| 1 | i{'“’ Comb.. 1 | 2 |Comb.
e 833|862 848 |582(528( 555 [ 2531255 2.54
Tz 870 | 882 | 876 |649)7.32( 691 12951301 2.98
T3 940 1 940 { 940 [685[{7.34; 710 13221298 3.10
T4 9331930 932 |6661633¢ 650 ;303[295] 299
5 887 1 887 1 8B7 |T781,786) 784 1205(3.14] 105
76 9231912 918 |T34(758; 746 285(290] 288
LSD 0.05 321 3.0 191 1089091 053 10.33,0.27) (.18
L Vi 90.7 1889 BoB |6571682) 670 1283|297 290
V2 9101920 M5 |671(86870) 671 288|283 286
V3 87.7 1 8971 B8B7 | 7.2017.331 T27 (3051297 3.0t
LSD 0.05 2.7 1.6 1.48 | NS (0.47) 039 048] NS | 0.1
T1 V1 8501 855) 853 [5281495) 512 1240]2.53] 247
T V2 84.0 (880 ) 86.0 [563|485) 523 1253]263] 2.58
T V3 81.0 {850 830 |65716.05) 631 |267]250] 259
T2 V1 B6.0 | 8651 86.3 |632]747| 690 [278]1313| 296
T2 V2 8601910 900 [620/685]| 653 [280]267, 2.74
T2 V3 8603870 865 [B6951765| 730 [3.28[3.22] 3225
T3 Vi 9201930 8925 607|705 656 31431295 3.04
T3 V2 930} 910 920 70951700 748 |320{280} 3.00
T3 V3 97.0 | 980 | 975 !663(7.87) 725 1333{320} 327
| T Vi 9601920 945 [668{568] £33 [2580({285) 2.83
T4 V2 940|950 ( 945 [650({660] 655 1325[295] 3.10
T4 V3 900 82G 1 91.0 |68G1640] 660 [303{2.05] 3.04
15 V1 B6EO | 8501 B55 178518151 800 (3131358 3.36
T3 V2 950 1 940 | 945 16857350 710 128312781 271
TS £ 850 ({870 BEO 87218091 841 131013081 3.08
76 V1 990 | NS 983 7227321 727 (2751278 277
T6 V2 9101930} 920 (715,760 738 12931313 3.03
T6 Vi 870800 880 (765)7.80¢ 7.73 12BB1280] 284 |
LSD 0.05 65 | 40 [ 361 [ NS NS | NS | NS 1035] 0.27 |
* T1 uninocculated + 15kg N fed” *V1:Serod
T2 uninoculated + S0kg N fed V2: Pactol
T3 Rhizobia inoculated + 15kg N fed” V3: AD204
T4 Diazotrophs inculted + 15kg N fad”
T5 Bacilius inculated + 15kg N fed”
T8 Mixture + 15kg N fed”
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Table (3): Seediing fresh and dry weight of harvested canola piants as
. affected by various bacterial -inocula under clay loam soil

conditions .
Scedling fresh weight |* - Seedling dry weight
Treatment | Variety {m lant mg/plant
_ ) 1 uig‘ Comb. [ 1™ [ 2 Comb.
T 0.0138 | 0.0167 [ 0.0153 | 0.0017 0.0017 | 0.0017
T2 . 0.0200 [ 0.0199 : 0.0200 ) 00019 { 0.0019 | 0.0019
T3 00211 | 00225 | 0.0218 | 0.0022 | 0.0021 0.0021
T4 ' -0.0223 | 0.0222 | 0.0223 0.0021 0.0019 ¢ 0.0020
T5 ) ~0.0213 7 0.0220 | 0.0216 { 00019 | 0.0020 | 0.0019
T6 . 0.0213 .1 0.0244 | 0.0229 0.0018 ) 0.0018 0.0018
LSD 0.05 : 0.0030 | 0.0025 | 0.0014 0.609 0.0002 | 0.0016
L B vi=- 0.0230 | 0.0251 0.0241 0.0021 0.0021 [ 0.0021
V2 0.0151 0.0180 | 0.0180 0.0019 : 0.0018 | 0.0018
V3 0.0178 | 0.0198 | 0.0188 | 0.0019 § 0.0018 | 0.0018
LSD 0.05 0.0060 | 0.0048 | 0.0015 NS 0.0001 | 0.0012
T Vi 0.0163-{ 0.0200 | 0.0182 | 0.0017 | 0.0018 | 0.0017
T1 V2 B 0.0123 { 0.0137 0.0130 0.0018 | 0.0016 0.0017
T1 ) V3 00128 { 0.0164 | 0.0146- | 0.0017 { 0.0016-1 0.0017
T2 V1 0.0204 | 0.0205 [ 0.0204 | 0.0021 0.0022 | 0:0021
T2 v2 0.0213 | 0.0189 [ 0.0201 0.0017 | 0.0019 | 0.0018
T2 V3 0.0184 [ 0.0205 1 0.0194 | 0.0018 | 0.6018 | 0.0018
T3 V1 0.0260 { 0.0279 | 0.0269 | 0.0025 | 0.0022 | 0.0023
T3 v2 0.0208 | 0.0211 |-0.0210 | 0.0023 | 0.0020 0.0021
T3 vl 0.0164 | 0.0186 | 0.0175 | 0.0020 § 0.0021 0.0024
T4 Vi 0.0248 | 0.0268. | 0.0258 | (.0024 | 0.0024 0.0018
T4 V2 00213 ( 00196 | 0.0204 ) 0.0020 | Q.0017 | 0.0018
T4 V3 0.0210 { 0.0201 0.0205 0.0019 | 0.0018 | 0.0018
T5 VAl 0.0281 0.0277 | 0.0279 | 0.0021 0.0022 | 0.0021
TS V2 0.0142 | 0.6171 | 0.0157 | 0.0015 | 0.0017 | 0.0016
TS V3 0.0215 | 0.0213 | 0.0214 0.0022 | 0.0021 0.0021
T6 Vi 0.0226 | 0.0279 | 0.0252 | .0.0017 | 0.0019 [ 0.0018
T6 v2 0.02456 | 0.0237 | 0.0241 0.0021 0.0020 | 0.0020
T6 V3 0.0167 | 0.0218 ) 0.0192 0.0016 { 0.0017 | 0.0016
LSD 0.05 NS 0.0012 | 0.5036 NS 0.0004 1 0.0029
*T1 uninoculated o +15kg N fed” * V1. Sero 4
T2 uninoculated "+ 50kg N fed” VZ: Pactol
T3 Rhizobia inoculated + 15kg N fed” V3: AC204
T4 Diazotrophs Inculted + 15kg N fed;'
Ts Bacillus inculated + 15kg N fed’
T6 Mixture + 15kg N fed”

The application of 50 kg N fed™ led to significant increases in all
abovemotioned tested seed parameters as compared to 15 kg N fed”’
treatment. All inoculation treatments had g positive significant effect as
compared to 50 g N fed™ treatment and recorded percentage increases up to
6, 13, 22, 15 and 11 for standard germination, shoot length, radical length,
seedling frash weight and seedling dry weight respectively.

Data in Tables {2&43) reveal that AD 204 variety had positive
significant effect as compared to cther two varieties siro 4 and pactol at shoot
and radical length. Poctal variety gave the highest percentages at standard
germination as compared to other tested varieties. Sero 4 variety had the
greatest values at seedling fresh and dry weights.
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interaction effect between vareties and various treatments was shown
in Tables (2&3) and resuits indicate that the application of various bacterial
inocula gave a srgmﬁcant difference as compared to lreatments received 15
or 50 kg N fed™ . In general the best inocuiant used was rhizobial inoculation
followed by Dtazotrophic bacteria, Bacillus bolymyxa and finely the mixture
inoculant. However, benefical rhizobacteria are often referred to as plant
growth promoting rhizobacteria (PGPR). These encompass alt bacteria that
inhabit plant roots and exert a positive effect by various mechanisms, ranging
from a direct mﬂuen,ce (e.g., increased solubilization and uptake of nutrients
or production of plant growth regulators), to an indirect effect {e.g.,
suppression of pathogens by producing either srderophores or antibictics
(Kloepper ot al., 1989, Glick et al, 1997).

These beneficial bacteria are aiso referred to as yneidvmcreasmg
bacteria (YiB) (Chen et al.,1894).

Results of electrical conductivity (EC) of leachate of harvested canola
seeds are shown in Table (4). Data reveal that irrespective time of
determination, the mixture inoculation had the lowest vatue of EC followed by
Bacr!fus polymyxa, Dlazotrophrc bacteria, rhizobobiai inoculation, 15 kg N fed

! and 50 kg N fed”, also variety Poctal possess the highest EC value (21.15
Ms cm”g™}, while, {he varieties AD 204 and Sero 4 had recorded less vaiue
being (12.95 and 11.82 Ms cm’ 'gh respectively. In general alt treatments
decreased the values of the electrical conductivity among both seasons and
this means that the application of various inocula types led to a high seed
availability to germinate, in this respect, Krystyna and Stefenia (2000)
reported that there is a positive refationship between seed quality test and
field emergence of some legume plants.

Data in Table {5) reveal that in combined anatysis of both seasons,
all treatments had a sugmﬁcant effect among the tested parameters as
compared to 15 kg N fed” applied o plants. The treatment recewed 15 kg N
fed™ recorded the fowest values of {(122.2 cm plant”, 8.9 No.plant”, 140 g
1000 seed ' and 21.64 g plant "} for piant height, number of branches 1000-
seed weight and yield of plant, respectively. Varety Pactol scored significant
defarence in piant height and nurnber of branches as compared to other two
tested varieties but variety AD204 recorded the hlghest yield of plant (27. 78 9
plant™") and variety Siro4 scored highest 1000 seed g (2.46 g 1000 seed™).

The apglication of various bacterial inoculation had a positive effect on
all the tested parameters test and no significant deference found between
them and for application of recommended N treatment.
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Tabie ( 4 }: Electrical conductivity of harvest canola seeds as affected
by various bacterial inocula under clay loam soil conditions

EC (24 hrs) EC (43 hrs1) EC (72 hrs:)
Treatment | Variety Mscm™’ F Mscm’ Mscm” g
- [ [ 2™ [Comb.] 1~ | 2 |Comb.] 1° [ 2 |Comb.|
Tt ) 13.97[14.15] 14.06 | 15.06] 15.52] 15.28 | 15.68| 15.66] 15.67
T2 16.17}116.98] 16.58 | 18.04 [ 18.31] 18.18 | 20.32| 20.27| 20.30
T3 12.79)13.14] 12,97 [ 14.57 [ 1464} 1461 | 16.47] 16.67 ] 16.57
T4 11.02{11.67; 11.35 (12.79]12.91) 12.85 | 13.82] 14.59] 14.21
75 9.86 {1064 10.25 1 11.57[11.72) 11.65 | 12.75/12.16| 12.46
T6 ) 035 968 952 111.18{11.01) 11.10 {12601 1267 12.64
LSD 0.05 0641072 042 {032 019 0.16 | 038 0.43 | 0.25
Vi~ 9.08 | 9.57 | 9.33 [10.92:10.84{ 10.88 ;11.7711.86] 11.82
v2 17.96{18.61( 18.20 {19.57{19.88] 19.73 1 20.98! 21,32 21.15
V2 953 {994 974 [11.11;11.33) 11.22 113.06{ 12.83, 12.95
LSD 0.05 044 1032 0.26 1018 016 | 012 { 033 025 0.20
T V1 11.437112.40] 11.92 [12.90) 13.05{ 12.98 {13.8213.11] 13.47
T v2 23.15[23.56| 23.36 (23.91{24.90| 24.41 | 23.40(23.97| 23.69
K] V3 733 649 691 | 8331860, 847 1982990 986
T2 - V1 16.69( 16.941 16.82 [17.35)17.91; 17.63 [ 17.56 [ 17.81| 17.69
T2 V2 21.53{22.81] 22,17 |23.33|23.90] 23.62 (26.61(26.78| 26.70
T2 V3 10.29)11.18] 10.74 [ 13.4413.111 13.28 {16.79{16.22| 16.51
T3 Vi 12.51]13.44| 12.98 [ 14.59(14.39{ 1449 | 16.01| 16.01] 16.01
T3 V2 18.42(18.15( 18.29 [19.03119.58 19.31 | 19.26] 19.856] 19.56
T3 V3 744 1 7811 763 110.10) 9.94 1 10.02 [14.15[14.15( 14.15
| T4 v 12601259 ) 260 ) 488 ] 482 485 [ 557 1664} 6.11
T4 : v2 - 120.39121.67) 21.03 )21.65]22.12( 21.89 12249} 23,11} 22.80
T4 V3 10.67 ] 10.76| 10.42 {11.85111.79] 11.82 ) 13.401 14.02) 13.71
T5 v1 452|563 508 | 736 (693] 7156 |1.840) 803! 8.22
T5 V2 13.36113.841 1360 [15.45]15.32) 15.39 | 17.40]16.97| 17.19
T5 V3 11.68112.45; 12.07 [ 11.90]12.90| 1240 112431147} 11.95
T6 v1 676645 661 | 845|793 ] 8191927956 | 942
T6 . v2 10.90]11.62] 11.26 (14.06[13.44! 13.75 ;16.74]17.20| 16.87
T6 V3 10.39)10.971 10.68 {11.02| 1165} 11.34 1 11.79]11.26| 11.53
LSD 0.05 1.07 { 0.77.{ 0.63 | 045 0.38 ; 0.28 | 0.82 [ 0.62 | 0.49
* T1 uninoculated +15kg N ted' “*V1: Sero 4
T2 yninoculated +50kg N fed' . v2: Pactol
T3 Rhizobia inoculated +15kg N fed” V3: AD204
T4 Diazotrophs inculted ~ + 15kg N fed'’ '
T5 Bacillus inculated +15kg N fed”'
T6 Mixture + 15kg N fed''

Data in Table {6) indicate that irrespective of varieties, the application
of 15 kg N fed"' with or without bacterial inocula recorded the Iowest
percentages of 11 97 and 42.84 for carbohydrate and oil and 526.7 kg fed"
for seed yield fed "'. Data presented in Table {6} show the effect of various
bacterial inocula on the carbohydrate percentage, the analysis of variance
indicate that the four trails were significantly affected in the most varieties and
gave high seed guality tolerance under stress conditions. These resuits are in
harmony with those obtained by Khan et al,, (1989) and Afiah st al., {1999),
who reported that reducing and non reducing sugars were accumuiated in
sorghum due to water stress. It may be concluded that accumulation of
solutes could be considered as screening parameter for salinity tolerance.
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Table (5): Yield parameters of canola plants as affected by different
type of bacterial inoculation and two levels of N-fertilizer
under clay loam soil conditions

Plant height ':‘:":‘b‘: oF 1000-seed weigh *  Yield
Treatmen; Variety cmiplant ngl Ta:f ( g/1000seed) ‘giplant
17 [ 2™ Comb) 1,& 2 Eomb| 17 [ 2™ Comb 172" [Com
T 21.4131.1126.3]10.5[105] 10.5. |1.78{1.75[ 1.77 2 7%2.6q 22.71
T2 35,4132 2133.8]12.3[131 12.7 |2.26]2.32] 2.20 p5.8¢6.34 26.1
1K} A30.8130.6 130.7[14.3[13.6, 14.0 | 2.39]2.42] 2.41 .B0.3P8.9{ 296
4 133.d136.9135.1[14.0[15.7; 14.9 |2.35]2.40] 2.38 B1.196.5( 28.8]
s H36.8135.7137.8[15.2[14.0{ 14.6 |2.26]2 34 2.30 B0.625.44 28.0]
3 ~134.4137.8136.1]15.4[14.1/ 14.8 [2.33|2.38] 2.36 p7.680.3¢ 29.01
D 0,05 81/ NS[596[15[18( 1.1 [0.12[0.26{ 0.13 1.98(3.11] 1.72
Vi = H31.1134.4133.1[12.8{13.2] 130 12.37({2.55/ 2.46 pB.4@8.41 28.44
2 35.1136.4135.7 |14.3]13.4| 135 |2.28|12.231 2.26 P6.345.50 25.9;
N 31 1131.3131.2[13.7]13.9] 138 [2.04(2.031 2.04 9 3P6.24 27.7§
15D 0.05. NS |39 241 [1.0 NS | 0.7 10.12(0.16| 0.09 [1.89[1,43] 1.15
i V1 H17.0127.71122.4] 81197 | 89 11.87]2.08] 1.98 22 14357 2287
W] NZ . N31.0137.4134.4[11.6[11.1] 11.4 2.02]1.85) 1.94 p1.1§2.09 2164
1 N3 16.3126.0122.2]11.7[10.6] 11.2 11.46)1.33] 1.40 p4.94¢2.38 23 66
T2 V1 35.3137 4136.3|11.8(12.6] 12.2 |2.43]2.71] 2.57 p7.087.41 27.2
T2 V2 [136.3135.4135.8[12.3(13.1] 12.7 |2.98]2.10] 2.19 p4.6©06.3] 25.44
2 V3 h3a.3124.0120.2[12.9(13.6] 13.3 |2.08]2.16] 2.12 P5.7854] 255
3 1 ha3:3132.0132.7114.3113.4[ 13.9 [2.23]2.50] 2.37 p8.4([2.24 30.3]
3 V2 36.0131.4 133.7113.7|13.5] 13.6 (2.76|2.70] 2.73 P0.8:P5.69 28.24
T3 V3 H23.0126.3125.7)14.9[13.9] 144 [2.19(2.07] 2.13 B1.748.87 30.29
a Bz 32 3133.3132.8)13.7116.1| 149 |2.72(2.75| 2.74 B2.9827.9( 30.44
if N2 35,1137 .7 136.7/14.4/14.3] 124 |2.26|2 28| 2.27 p8.2748d 2654
T4 N3 13371136, 135.9/13.9]16.8) 15.4 [2.07|2.16] 2.12 B2.296.79 29.44
5 V1 137.3138.0137.7]15.1|13.9] 145 |248|2.68] 258 BO.146.04 28 14
5 V2 H37.4137.9137.3|16.1{14.2[ 15.Z |1.90/2.11] 2.01 P7.003.81 2543
i V3 145.0131.7138.4[14.5(13.8{ 14.2 |2.40]2.24] 2.32 B4.6R6.34 30.5]
76 VA H35.0138.0 136.5]13.8(13,3] 13.6 |2.47{2.59; 2.53 p0.0B3.21 31.64
T6 2 “Ha4. 137 71359 (17.9(14 5] 162 [2.48[2.35] 2.42 D6 17028 2823
76 3 34 3137 7 136.0|12.4|14.5] 145 (2.05[249] 2.12 P6.7#7.59 271
LSD 0.05 NS5 NS | 550 |[NS|N5| NS [0.30] NS | 0.23 |[NS|NS| NS
* T1 uninoculated +15kg Nfed” “*V1: Sero 4
T2 uninoculated + 50kg N fed” V2: Pactol
T3 Rhizobia inoculated + 15kg N fed” V3: AD204
T4 Diazotrophs inculted +15kg N fed"
T5 Bacillus inculated + 15kg N fed”
T6 Mixture +15%g N fed"

Data of oil content (%), variety AD204 recorded the highest oil content
(50.97%} and scrod significant deference as compared to Pactol {44.33%)
and Siro (47.92%) varieties. In general, and 1rrespectwe of inoculation with
various' bacterial inocula to various varieties led to increase significantly the
percentage of oil content, as compared to treatments received 15 and 50 kg
N fed™. Also, Rhizobim inoculation had a superiority (49.68) against other
inocula used and followed by Diazotrophic (49.08), mix. (48.24) and Bacillus

polymyxa.
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Seed yield (Kg fed”) is presented in Table (6). Data indicate that the
treatment received 15 kg N fed” gave the lowest seed yield (526.7 kg fed")
and the application of 50 kg N fed” (855.5 kg fed") Qave a significant
increase as compared to the application of 15 kg N fed”. Inoculation with
various bacterial inocula recorded higher increases as compared to 50 kg N
fed™ treatments and scored 11%, 8%, 5% and 9% for rhizobia, diazotrophs,
Bacillus and mixed inocula in the same order. There is no significant
deference between the three tested varieties in the yield fed™; which gave
910.0, 889.0 and 850.8 kg fed” for sero 4, AD204 and Pactol variety,
respectively. The highest seed yield obtained (1109.4 kg fed} and cil content
(52.81%) were for AD204 variety inoculated with Bacillus polymyxa in
presences of 15 kg N fed™.

Table (6): Yield kg fed™, carbohydrate % and oil% of 3 different varieties
of canola plants as affected by varicus bacterial inocula
under clay loam soil condition

s Carbohydrate % Qil % Yield kg /feddan
Treatment | Varielty | —erTom 1 bl 71 2° Comb] T il Comb
T1* 11.85( 12,061 11.97 |45.18]45.29] 45.24 ) 525.1 | 535.2| 526.7
72 18.75[18.65] 18.70 |46.51{46.51} 46.51 | 826.3 | 884.6 | 855.5
T3 15.29{15.25| 15.27 (49.38149.98| 49.68 [ 970.2 [ 9251 | 847.7
T4 14.68115.33] 15.01 [49.15(49.01| 49.08 { 9974 | 848.7 | 923.1
TS 22.73123.27 | 23.00 [47.59|47.761 47.68 | 980.1 | 814.1 | 8671
76 19.29|19.08] 19.19 [48.36[48.11] 48.24 [ 885.1 [ 9715 [ 928.3
LSD 0.05 0.30 { 0.57 | 0.28 | 1.67 | 0.85 | 0.81 [160.5] 99.5 | 123.1
Vi 17.01]17.08] 17.05 |47.85]47.98] 47.92 | 910.7 [ 809.2 | ¢10.0
V2 17.95(18.27 ) 18.11 |44.41|44.25| 44.33 | 884.5 816.6 | 850.8
V3 16.34 [16.491 16.42 |50.83}51.11] 50.97 | 939.2 | 838.7 | 889.0
LSD 0.05 0.11 (0211 011 {053 064 ] 0.39 [140.3) 1384 ] NS
LE] V1 11.93[11.601 11.77 |45.20144.76] 45.00 | 708.5] 7524 | 730.6
T1 V2 11.02|11.68] 11.35 [43.08(42.60| 42.84 | 677.8 | 706.9 | 692.4
T V3 12.60[13.00] 12.80 [47.27{48.49] 4788 [ 798.11{ 716.2 | 7571
12 vi 11542 15.92]| 15.67 [46.40/46.14] 46.27 | 865.3 | 877.2 | 871.3
T2 V2 124.90{24.46| 24.68 {44.38]43.79] 44.05 | 784.1[ 8423181322
T2 Va3 15.84115.56| 15.75 |48.77|49.60] 49.19 | 823.7 | 812.8 | 8183
T3 Vi 16.67115.85] 16.26 |48.17|45.60 48.89 [ 908.8 [1032.3] 970.6
T3 v2 1763(17.95| 17.79 [47.8747.82] 47.85 | 986.3 | 808.3 [ 897.3
T3 V3 11.5711.84| 11.76 |52.11)|52.53] 47.85 |1015.7] 622.0 | 968.9
T4 Vi 14.46 15,231 14.85 [50.3650.65] 52.32 {1055.4] 892.8 | 974.1
T4 V2 16.74 | 17.26| 17.00 144.09(44.28| 50.51 {902.4] 7545 | 8487
T4 V3 12.84[13.51] 13.18 [52.99]52.10] 44.19 [1031.4] B54.4 | 9420
T5 V1 20.89122.10] 21.50 [47 42|47.61] 52.55 [ 965.8 [ 834.9 [ 900.4
T5 V2 23.65|25.08] 24.37 [42.68(42.74| 47.52 [ 864.1 | 762.6 | 9134
T5 V3 23.66|22.63) 23.15 |52.67|52.94] 42.71 |1109.4] 8445 9765
T6 V1 2267|21.76| 22.22 [49.55)49.07] 52.81 | 980.3 [ 1064.6{1012.5
T6 7] 13.77 [ 13.22| 13.50 |44.37144.31| 44.34 | 837.4 [ 969.0 | 503.3
T6 V3 214272227 2185 151.15150.97| 51.06 | 856.6 | 881.0 | 868.9
[ LSDC.05 [027 052 0.28 1130 | 1.57 | 0.97 ' 138.3] 143.2 | 120.8
*T1 uninoculated + 15kg N fed™ ** V1. Sero 4
T2 uninocuiated + 50kg N fed” V2: Pactol
T3 Rhizobia inoculated + 15kg N fed” V3: AD204
T4 Diazotraphs inculted + 15kg N fed™
T5 Bacillus inculated +15kg N fed”
T6 Mixture + 15kg N fed™
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Yield components of the three canola varieties (Protein%, (P)
phosphorus (ppm) and (K) potassium%) are shown in Table (7). Significant
increases were found among alt the tested parameters with different
treatments and various varieties. AD204 variety recorded 28.07 and 1.04 %
for protein and phosphorus contents. The application of various bacterial
inocula gave the highest yield component values as compared to the
treatment received 50 kg N fed”. These data are in agreement with Mona et
al, 2000 and Asghar et al, 2002 who reported that application of bacterial
inoculation had a positive effect on growth, yield and yield components of
canola plants and’ added that the percentage increases. atiributed to
incculation were 126, 131 and 100 for seed yield, protein and oil yield as
compared to untreated treatment.

Table (7). Yield components of canola plants as affected by various
bacterial inocula under clay loam soil condition

Treatment |Variety . Protein% - P % K %
{717 [ 2™ [Comb.] 1% | 7 [Gomb.| 1~ | 2 [Comb.
T* - 248612529 25081 070 {071 071 | 0.3010.32] 0.31
T2 : 27.84(28.237 2804 ) 0.95 | 097 ] 0.96 10,43 0.44) 044
T3 2853128292841 ( 0.81 | 083 083 | 042|042 042
T4 25842587, 2586 ) 0.94 [093 1 084 1045047 ) 048
T5 : 2715(27.06( 2741 0,83 | 087 0.85 | 0.380.39] 0.39
T6 2773127671 27701 0.98 11,02 100 [ 0,39|0401! 040
1.5D0.05 078 | 1.09 ;- 058 ] 0.01 |0.01| 0,02 [0.01{0.01] 002
Vi 2518124931 2506 ¢ 0.77 {078} 078 | 0.36|0.37 | 0.37
V2 27.76]28.18; 2797 ) 0.82 [ 0.83 | 0.83 [ 0.4310.45] 044
V3 28.04(28.09( 2807 ! 102 | 105 104 [039(0.40] 0.40
1SD 0.05 0.35) 0361 024 71 0.03 [ 0.03] 0.02 ;:0.03({0.01] 0.01
T1 Vi 2360(23977 2379 072 074 073 [031{032) 0.32
T V2 252212508 25151 061 1060 061 [0240.261( 025
T1 V3 2578[26.81) 2630 ] 0.79 (080 080 1035037 ] 036
T2 V4 2622126.7612640! 077 |078] 078 [038(0.40] 0.39
T2 vz 28.96)29.85) 29.41 1 095 0.95] 095 1051/051 051
T2 V3 28.35(28.08; 28221 113 [147| 115 [ 0.40! 0,33 ] 0.40
T3 VAR 2684261612650 | 0.80 078! 0.79 1045|043 | 0.44
T3 V2 30386)31.70) 31.28 | 0.29 (025 027 1053|052 ]| 0.53
T3 V3 2789127011 27.45 ] 141 1145| 143 1028{0.30] 0.29
T4 v1 2160)21.49) 21551.0.75 {077 0.76 1028|031 0.30
T4 V2 2872129171 2895 112 (106 1.09 {0.52] 058 0.55
T4 V3 2721126952708 | 0.94 ;097 D9 054|053 054
T5 Vi 2459012380) 2420 ([ 0.77 (078 0.78 ] 043|044 0.44
15 V2 28.85(28,65¢ 2875 086 ] 0.94 | 0.590 10.33] 0.34; 0.34
T5 V3 27.90| 2874 2837 ( 0.86 | 088 087 | 0370401 0.39
T6 Vi 28.22{27.42!1 2782 079 10811 0BO {033 034, 034
T6 V2 23.93|2464124.29 ( 113 11207 117 1044|048 046
T6 Vi 31.04[3095) 31000 102 (105 1.04 10390391 0.39
L_LSD 0.05 0.84 | 0.87 { 0.58 | 0.07 ;007 0.05 {0.07(0.01; 003
* T1 uninoculated +15kg N fed” **Vi:Sero 4
T2 uninoculated +50kg N fed™ VZ: Pactol
T3 Rhizobia inoculated + 15kg N fed' V3: AD204
T4 Diazotrophs.inculted +15kg N fed™
T5 Bacillus inculated +15kg N fed’
T6 Mixture + 15kg N fed”
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In general, inoculation of canola plants with different bacterial inocula
are of rather economic value as compared to other treatments. The values of
yield parameters of inoculated plants received 15 kg N fed™ were higher
against uninoculated plants treated with full N-fertifizer dose (50 kg N fed™).
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