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ABSTRACT

Rapeseed is a new oilseed crop in Iran and itsaresthas been currently expanding. Reproductivevtiraf the
crop is exposed to water stress in many part ofcthwntry. In orderto evaluation of yield, yield component and
seed oil content of Brassica oilseed rape cultidagéong to Brassica napus, Brassica rapa and Brasgiincea
species at stress and non stress locations withiggtipn of Pseudomonas strains , two experimeinic{uding
stress and non stress fields) were carried out2ii0-2011 growing season at Agriculture and NatuiRakources
Research Station of Torogh, Mashhad. Experimergsigih was factorial based on Randomized CompgtBitkck
Design (RCBD) . Results showed that drought stesssed to reduction of yield , oil content andldjie
components. Also the negative forceful effeetaiér deficit on yield components was regardingd pumbers.
Violently final yield decreased( 152.5% ) in sgdocation. There were considerable differencetwben stress
and non stress locations regarding yield, oil conitend all yield components. Except number ofr¢édteranches ,
significant difference at 1% probability level wefeund among cultivars in studied characteristi¢s was
concluded that inoculation treatment had bettéeatt than either no inoculation (control) or amculation but
interestingly co-inoculation with Pseudomonas fesaens plus Pseudomonas putida was placed atlowest
rating in comparison with individual inoculatiar no inculcation at surveyed traits.
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INTRODUCTION

Iran is situated in semi-arid region and water t&g® leads to emerge lots of problem in order ppluof drinking
water and water requirements for crop production [A order to UN report , damage of drought innlraias
exceeded t03.5 billion US$ so more than 1 milli@adh of livestock and 3 million tons of wheat andldyawere
lost due to severe water crisis in year of 2000[2]

Three main mechanisms reduce crop yield by watessst (i) reduced canopy absorption of photosyiuidiét

active radiation, (ii) lessened radiation-usecgdficy and (iii) reduced harvest index .The repoitaility of drought
stress treatments is very cumbersome, which sigmifly impedes research on plant drought toler@poégld and
drought resistance are controlled at separate igeloet such breeding involves the identificationdatransfer of
physiological traits responsible for drought remiste to high-yielding and agronomically acceptablévars[4] .
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Rapeseed is an important oilseed crop in the dgrreusystems of many arid and semiarid areas witenrgeld is
often restricted by water deficit and high temper@s during the reproductive growth[5]. Brassidaseed rape is
generally considered to be more susceptible toghibthan wheat. However, water deficiency produwtiéerent
consequences according to the stage of the crofe @md the magnitude of the deficiency. Rahnema and
bakhshande [6] reported that the most rate of yieldrease was happened by spring irrigation cuiNaéilsen and
nelson [7] reported lower yield was obtained fraawér branches per plant, pod per branches andesrsakd. Oil
content in brassica oil seed rape fell down fronP36 31.4 % when high temperature occurred duttiegpost
anthesis seed development . Final seed numberesmttyseld reduction was confirmed by high tempemgffect
during reproductive and ripening growth stages[8].

Plant growth — promoting bacteri (PGPB) are nalyrabil bacteria that aggressively colonize plapbts and
benefit plants by providing growth promotion. Intation of crop plants with certain of PGPB at anlyeatage of
development improves biomass production througectlieffects on root and shoot growth[9].

Specific strains of the Pseudomoriamrescens-putidgroup have recently been used as seed inoculantsopn
plants to promote growth and increase yield. Theuogence and activity of soil microorganisms areéd by a
variety of environmental factors (e.g. soil typeitrient abundance,pH,moisture content) as well lastpelated
factors such as species and age [10,11]so theadti@n between associative PGPR and plants can be
unstable[12].Several PGPR strains are also knovindiace abiotic stress tolerance in some plantk sscsalt and
drought stress in wheat [13] .

The aim of this work were to detect of drought ssrenfluence on yield and yield component of hcassilseed
rape as well as to explore effects of inocufatiith Pseudomonas strains on both boosting yieldeld
components and tolerance to water deficit.

MATERIALS AND METHODS

The investigation were undertaken as tow simelais experiments (stress and non stress experjment2010-
2011 growing season at Agriculture and Natural Ress Research Station of Torogh, Mashhad in EaghNof
Iran (36° N, 59° E , 1003 as).Two research sigeegs and non stress fileds) were beside each dthis region
has a semi-arid climate( annual rainfall 286 mrithe experimental design was factorial based on d&airzed
Competently Block Design (RCBD) with three replioat in each experiment. Soil texture was signh(table?2).
The meteorological data of the region are repr@sgnh Tablel.Drought stress experiment was doneuiyoff
irrigation from stem elongation stage and at wateess free experiment (non stress treatmentrjgaiion was
applied to avoid drought stress and soil watehé1 meter depth was kept above 50% of maximuniadlaiwater
during the all growing season. Studied factor®im &xperiment were including

1- First treatment was Bacteria(Plant growth promptizobactria) : including
BO: no inoculation (control) , B1:co-inoculatiosgudomonaglourescensl69+Pseudomongsutida 108) , B2:
inoculation with Pseudomon#lsurescend 69 and B3: inoculation with  Pseudomopatida 108

2- Second treatment was variety : including
Hayola401 and Hayola330 belong to Brassiepus , Parkland and Goldrush belong to lBpa and BP18 and
Landrace belong to Bincea

Bacterial strains were used as seed treatmentslsS¥ Brassica oilseed rape were surface-stdigith 0.02%
sodium hypochlorite for 2 min, and rinsed thoroyginl sterile distilled water. For inoculation seessre coated
with 40% gum arabic as an adhesive and rolled timosuspension of bacteria with perlit until unifidy coated
density of bacteria in suspension were 1.025 CFLO¥#nl) for Pseudomonasutida 108 and 1.25 CFU(x£0ml)

for Pseudomonadlourescens169 respectively. For better and precise resalésh bacteria treatment in all
replication were applied by individual worker.

In both experiments the sowing was done manudllye planting dates was on 27 October 2010. Each
exp?ﬁrimental plot included 4 planting rows with 8ength and 30 cm within the rows . plant dengigs 90 plants
per nt -

Stress filed harvested on 14 may 2011 and nosssfiled harvested on 24 may 2011.The following sneaments
were done : seed yield ( from 2mf central rows with ignoring border effect) , noen of lateral branches and
number of pods ( were countered from 3 individuahfs in each plot) , seed pods ( were measured Sroandom
pods from each plot) , 1000seed weight( seed eoumas used to count the number of 1000 seed)d sie
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contents were determined by Soxhlet methods[14{a De&re analyzed by SAS software and multiple comspas
was done through Least Significant Difference (L$&} at 1% and 5% probability levels

Table 1:climate data of experimental were taken frm of Mashhad Metrological station

Max temp | Mintemp | Rainfall | Evaporation
month (c) () (mm) (mm)

Oct 24.9 9.6 0 149.2
Nov 19.9 4.7 8.6 85
Dec 17.7 1.2 0 6.9
Jan 10 -2.8 13.1 0
Feb 9.8 -0.8 41.3 0
Mar 10.6 0.2 22.4 0
Apr 22.3 7.6 10.1 160.3

May 30 15.5 | 154 224.9

Jun 34.4 194 6.4 317.3

Table2: some physical and chemical properties of prrimental soil field at depth 0-30

Sand% Silt% Clay%  Texture pH
33 46 21 Silty loam 7.8
EC Organic Carbon  Total Available  Available
(Ds/m) % N% P(ppm) K(ppm)
1.07 0.56 0.047 15.6 190

RESULTS AND DISCUSSION

Number of lateral branch :

as it was interpreted from table 3, single effettlaration was significant (p<0.01) and interactieffect of
bacteriax variety and bacteriax variety xlocatiegre highly significantf<0.01).number of lateral branch in non
stress location was 67.3% more than stress lod¢tdinle 4).the highest and lowest twofold effectevebserved in
uninoculation(control) x Hayolla 401 and co-incidat (application of both bacteria ) xGoldrush regwely(table
5). number of lateral branch was intensely afigédig threefold effect of uninoculation(control) ayblla 401x
non stress location at highest level andluBrescens Goldrush x stress location at lowest level(tahle7
,7b).lessening of lateral branches in water stiessso reported by other researchers[7,15,16]zifmd Arvin[17]
claimed that lower numbers of fertile brancheBnassica oilseed rape cause to formation of Iopas and
finally it lead to reduction of final yield. disder of plant activities under water deficit causereduction or
cessation of growth processes[18] thus notablardeof lateral branches at drought stress inithigstigation was
acceptable. it could be concluded from significeméraction effects of this trait , no inoculat{80) had more
superiority than other level of inculcation.

Number of pod:

Pods are the main components of final yield andl twty matter[19,20].Dipenbrock[21] stated that Thanber of
pods per plant is decisive for seed yield; thig isaultimately determined by the survival of bcaes, buds, flowers
and young pods rather than by the potential nurab#iowers and pods.

Pod numbers varied considerably among locationstella and varieties (table 3). also interactiofeaf of
bacteriax variety and bacteriax variety xlocatiere significant (p<0.01). mean comparisons reckahat
number of pod in non stress location eminently @&%1% more than stress location(table 4 ).stroeffigcts of
drought on lessening of pod numbers was confirmid vether studies[4,22,23]. the most number of pads
acquired at RluorescencéB2) and Pputida(B3) treatment and the least ones was obtainecbmibination of
Pseudomonus (B1) treatment (table 4). It was dksar cfrom the data (table5 ) twofold effect of B2fluorescence

) x Parkland variety and threefold effect of B2l{Rarescence)x Parkland x non stress location (table7b) were
earned the most number of pods.in this study equibtved that effect of individual inoculation sorveyed
characteristics(either B2 or B3) were more thanl doaculation .interaction between plant growth paiing
rhizobacteria (PGPR) may be antagonistic or syesticgj and the beneficial effects of such inteadi could be
exploited for economic grain [24,25].outcome of esiment presented that the highest and the lowastnpmbers
were recorded by B.P18 (Bnceg and Hyola 401(Bhapug cultivars respectively. Arvin [26] so long as
comparison Brassica cultivars belong tquBcea,B.napusand Brapa species reported that BP18j(Biceg was
obtained the highest number of pods so this regstin conformity with the result of this study.

Number of the seed per pod:
pod numbers is one of determinative parametergetd formation[27,28]Yield per area is the proda€population
density, the number of pods per plant, the numbseeds per pod and the individual seed weight[29].
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Results of combined analysis of variance indicaled (table3 ) there were considerable differeamoeng cultivars
and location at 1% probability level. also interasteffect of bacteriax variety was significant(&s®). The mean
comparison result also showed (table 4) that sedppds in non stress location was 28% higher gtegss
location. results demonstrated that the numbeeefl per pod make change less than pod numbersugtht stress
hence it was concluded selection or breeding obtyges with high seeds per pod is cash in on tootker water
stress conditions[8].Hyola330 and Hyola 401 wemguaed the most seed per pod and BP18 was obt#necléast
of this trait (table4). Berry and Spink [30] annoed that there were negative correlation betweenbeu of pod
and seed per pod so this statement is in consisidnbur finding regarding BP18 variety (table4).

Two fold effect of Poutida xHayola401 with 18 and combination of Pseudomattgns (B1) x Landrace variety
with 11 were achieved the highest and the lowesthar of the seed per pods respectively (tabledsitige role of
individual inoculation of bacteria in order to bbogield component was confirmed regarding seedpoer in this
study .Naderifar and Daneshian [31] reported inatiath by PGPB lead to enhancement of seeds pkinpailseed
rape varieties.

1000 seed weight:

1000seed weight varied significantly among locatitracteria and variety ( table 3 ) . mean compariso
displayed(table 4) 1000 seed weight in non stresation ( 3.27gr) was higher than stress locati@¥ggr). the
highest effect of bacteria on this yield compdngere achieved by B3 and B2 treatment and Blsitaated at
the lowest rating (table4) . synergistic effectrafividual inoculation of bacteria and antagomwistifluence of co-
inoculation of both strains of Pseudomonus sp.roigg 1000 seed weight were absorb in this stuellant growth
promoting bacteria improved photosynthesis mayymtreasing water and nutrients absorption leatbngroduce
more assimilate and improve plant growth [31]. amaultivars , Hayola 401 with 3.55 gr and Hayola3@th
3.39 gr had the highest and Landrace with 2.21agrthe lowest 1000 seed weight respectively(tapletde most
and the least significant twofold effect of 10@&d weight was observed at non stress locatioklysla 401 and
stress location Parkland(table 6). decline of 1000 seed weighstiss condition in this study was in line with
Vafa bakhsh et al [22] Hafeez et al[15] ,Nasrili83.

Oil content

Results of combined analysis of variance indicateat effect of location and variety were signifitaat 1%
probability level regarding oil content (table33s it was obtained from data ( table4) oil perogamta non stress
location (41.89%) was more than stress locatiBid.28%). among cultivars the highest and lowdsp@icentage
were(table4) related to Hayolla 330(41.5%) and @ald (38.27%). many of physiological and metabplimcesses
like as growth, development , synthesis of mateantl etc. in plant was decreased by droughéssfie8].therefore
reduction of oil content at water stress in thigestigation was expectable. reports are availaide tstrongly
confirm lessening of oil percentage at droughtsstré§833]despite of considerable effect of bactenm yield
component , result showed that there was non ggnif effect of bacteria on oil content ( table3).

Final yield

According to analysis of variance (Table 3), effetiocation, variety and interaction effect of &ion x variety
were significant about formation final yield. Based revealed data ( table4) final yield in non sdréocation (
1351.85 kg.hd) drastically was more than stress location ( 58%@§.ha'). Hayola 330 and Hayola 401 had the
most and BP18 had the least seed yield (tabletBrdction effect of Hayola 330 x non stress locatiod Hayola
401x non stress location were significantly higliesin BP18 x stress location (table6). superioréggson of
Brassica Hayola hybrids rather than other cultivansld be found to have higher both of numbesasfd per pod
and 1000 seed weight (table4). During the growthlegyestablishment of the stand, flower initiatiarse of
radiation and availability of assimilates for pagt and seed filling are decisive factors influegcymeld[21]. Yield
of Brassica napus , B.juncea and B.rapa decreasedoddrought stress. the effect of drought s8ss function of
genotype, intensity and duration of stress , weatbeditions, growth and development stages onsesgzk [34]. it
was clear to have direct effect of bacteria ondyiedbmponents in this study so in spite of no olst@ya found
regarding direct influence of bacteria on finallgiéut it was interpreted that indirectly bactecizuld raise final
yield formation.
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Table 3. The mean squares of ANOVA for yield compants and yield via combined analysis of data

s.0.v T Branches per plant Pods per plant Seed per pods 1000 seed weight Oil percentage (%) Seed yield
(9) (kg.ha!)

L 1 646.006944* 129300.173* 473.062** 25.999** 767238 23998323.09*
Eroorl 4 44.111111* 6729.888** 9.5138ns 0.119ns 35.854*  1241178.53**
B 3 5.192129ns 4572.858** 12.562ns 0.165* 4.041ns 184hs
B*L 3 11.17361ns 1379.729ns 22.1921ns 0.017ns 1.175ns  64776.6ns
\% 5 19.92361ns 9918.929** 32.923** 8.093** 36.531** 835880.5**
V*L 5 6.690277ns 2227.140ns 8.279ns 0.188** 7.092ns 0ZBF**
B*V*L 15 21.74583** 3389.295** 13.0331ns 0.0165ns 2.714ns 72258.08ns
B*V 15 21.14212** 2589.536** 18.801* 0.0352ns 3.248ns 12661.54ns
Error2 92 8.72705 1080.555 9.81 0.0487 3.946 98133.83

c.v(%) 35.12 35.43 21.24 7.75 5.01 33.19

note:**; p<0.01; *: p<0.05; ns: non significant - lBbreviation :Location(L), Bacteria(B) and Variety(V

Table4. Individual effects of Location, bacteria ad Variety

Oil percentage Seed yield

Treatment Branches per plan: Pods per plan- Seed per pod:; 1000 seed weight (g) (%) (kg.hat)
L1 6.2b 62.8b 12.9b 2.4b 37.28b 535.3¢b
L2 10.5a 122.7a 16.5a 3.2a 41.89a 1351.¢5a
BO 8.8a 93.05a 14.69a 2.8a 39.301a 942.65a
B1 8.1a 77b 14.02a 2.7b 39.92a 884.27a
B2 8.5a 103a 14.77a 2.8a 39.82a 1003.(9a
B3 8.05a 98.02a 15.47a 2.8a 39.303a 944.44a
V1 8.41abc 59.79d 15.83a 3.5a 39.78b 1083.450
V2 7.83bc 100.2ab 16.33a 3.3b 41.5a 1381.¢5a
V3 8.91ab 105ab 13.62b 2.2e 40.23b 917.8: bc
V4 7.12c 78.95¢c 15.04ab 3.09c 38.27c 877.0)c
V5 9.79a 116.708a 13.61b 2.5d 38.27c 546.3d
V6 8.37abc 95.95bc 14b 2.21e 39.46b 855.0)c

note: Column means followed by the same lettenatssignificantly different at 5% probability levesing least
significant difference (LSD) — abbreviation:L1:;es$s location, L2:non stress location, BO: non ifatian ,B1: co-

inoculation (Pseudomonas fluorescens and Pseudasnputida ) , B2: inoculation with Pseudomonasiifiscens
, B3: inoculation with Pseudomonas putida,V1:Haydl1l,V2:Hayola330,V3:Parkland,V4:Goldrush,V5:BP18,
V6:Landrace

Table5. Interaction effect of Bacteria x Variety BxV)

Oil percentage  Seed yield

TREATMENT  Branches per plant Pods per plant Seed per pods 1000 seed weight (g (%) (kg.hat)
bOvl 12a 70.83f-i 13.33c-g 3.6517a 40.182a-f 1134.7a
bOv2 9.16a-f 115.5a-e 16.66abc 3.4233a 41.622al 129¢€.3a
bOv3 7.66defg 80.17e-j 16.5abc 2.2557a 39.388b-h 907.1a
bOv4 7.167defg 61.5jhi 16.167abc 3.1163a 37.635h¢ 855.5a
bOv5 10a-e 140.67ab 12efg 2.572a 38.105fgt 745..a
bOv6 7.167defg 89.67d-i 13.5¢c-g 2.116a 38.88c-h 716. a
blvl 7.83defg 47.5) 15.83abcd 3.519a 40.247a- 1032.4a
b1v2 6.667efg 70f-i 15.66abcd 3.246a 41.853a 1175.%a
blv3 8c-g 98.67c-h 12.33defg 2.285a 41.85852i1 1092 6a
blva 5.833¢g 47.5) 14.83a-f 2.917a 38.207fgh 861.1:¢.
b1vs 9.66a-e 103.17a-e 14.5a-g 2.4183a 37.553F 300 9a
blv6 11.33abc 94.67c-h 11g 2.1033a 39.858a-g 842.6a
b2vi 8c-g 67ghij 16.15abc 3.53a 39.145¢c-h 1134.3a
b2v2 7.33defg 100.33c-g 17.33ab 3.4433a 41.627ah 152%.1a
b2v3 9.83a-e 142.17a 11.66fg 2.3503a 40.617abcd 861.1:1
b2v4 6.667efg 83.67e+j 13.16¢-g 3.1417a 38.207efgn @86. L
b2v5 11.5ab 130.83abc 14.83a-f 2.5222a 38.742¢c-1 495.4a
b2v6 8.16b-f 94c-h 15.5a-f 2.351a 40.51a-e 1018.ha
b3vl 5.833fg 53.33ij 18a 3.533a 39.562b-h 1032.4¢
b3v2 8.16b-g 115a-e 15.66abcd 3.4567a 40.922ak ¢ 153: .4a
b3v3 10.16abcd 99c-h 14b-f 2.2217a 39.1d-h 810.za
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b3v4 9.33a-e 123.17abcd 16abc 3.2223a 38.908c-1 805 6a
b3vs 8c-g 92.17d-h 13.16¢c-g 2.624a 38.7¢c-h 643.Ea
b3v6 6.833defg 105.5a-f 16abc 2.2983a 38.335d-11 842.5a

note: Column means followed by the same lettenatesignificantly different at 5% probability levesing least
significant difference (LSD) — abbreviation:L1:ess location, L2:non stress location, BO: non irlatan ,B1: co-
inoculation (Pseudomonas fluorescens and Pseudasnputida ) , B2: inoculation with Pseudomonasifiscens
, B3: inoculation with Pseudomonas putida,V1:Haydll,V2:Hayola330,V3:Parkland,V4:Goldrush,V5:BP18,
V6:Landrace

Table6. Interaction effect of Varietyx Location (\X&L)

TREATMENT Branches per plant Pods per plant Seed per pods 1000 seed weight (g Oil percentage Seed yield

(%) (kg.ha'')
Variety* Location

ViLl 5.417a 41.92a 13.917a 3.062c 37.19a 537.  ef
V2Ll 5.417a 56.92a 14.167a 2.835de 38.55a 870. 1d
V3L1 6.833a 66a 12.5a 1.888h 37.46a 537ef
V4Ll 5.416a 50.92a 12.5a 2.701ef 36.27a 402.0f
V5L1 7.833a 94.08a 11.583a 2.132g 36.72a 340. 3f
V6L1 6.833a 67a 12.91a 1.911h 37.47a 525¢f
ViL2 11.417a 77.67a 17.75a 4.055a 42.37a 1629 6b
V2L2 10.25a 143.5a 18.8a 3.949a 44.45a 1893.5a
V3L2 1l1a 144a 14.75a 2.667ef 43.01a 1298.i5c
V4L2 8.833a 107a 17.583a 3.497b 41.46a 1351.9¢c
V5L2 11.75a 139.33a 15.667a 2.936¢d 39.82a 752.:de
V6L2 9.917a 124.92a 15.08a 2.523f 41.46a 1185.2c

note: Column means followed by the same lettenatesignificantly different at 5% probability levesing least
significant difference (LSD) — abbreviation:L1:ests location, L2:non stress location, BO: non irlatan ,B1: co-
inoculation (Pseudomonas fluorescens and Pseudasnputida ) , B2: inoculation with Pseudomonasifiscens
, B3: inoculation with Pseudomonas putida,V1:Haydl1l,V2:Hayola330,V3:Parkland,V4:Goldrush,V5:BP18,
V6:Landrace

Table7a. Interaction effect of Bacteri x VarietyxLocation(BxVxL)

Oil percentage Seed yield

TREATMENT  Branches per plant Pods per plant Seed per pods 1000 seed weight (_) (%) (kg.ha?)
bOviLl 6.000hijk 45.33nop 11.000ijkI 3.1267ef 37.090m-r 0Bm-r
bOv2L1 5.000jk 67.00l-p 15.333b-j 2.8733e-k 39.837e-n afh
bOv3L1 7.000g-k 78.33i-p 15.000c-j 1.8700pqr 36.4670pqr 0.89-r
bOv4L1 7.333f-k 51.00mnop 14.333d-j 2.6593i-m 36.493o0pgr  16.3n-r
bOv5L1 7.000g-k 84.67h-0 11.667h-I 2.1773nop 37.023n-r .Beqr
bOv6L1 6.667g-k 58.671-p 12.333g-l 1.7287r 36.6030pqr 308.
blvilLl 5.667ijk 37.000p 13.000f-1 3.0367efg 37.917k-r ahi-r
blv2L1l 6.667g-k 68.33k-p 14.333d-j 2.7667g-m 37.970j-r .842p
b1lv3L1l 5.333ijk 57.33l-p 10.667jkl 1.89670pqr 39.533e-0 48h-p
blv4lLl 5.000jk 34.330p 11.667h-I 2.6233jkim 36.017pqr Ba4r.
b1lv5L1 7.333f-k 68.67j-p 8.667I 2.04000pqr 35.950qr 148.2r
blveL1l 6.667g-k 63.001-p 9.000kI 1.7433qr 38.116i-r 583:3n |
b2vilL1l 5.000jk 48.67mnop 16.333a-h 3.0633efg 36.5600pqr 7.0®0r
b2v2L1 4.667jk 48.33mnop 14.667d-j 2.8333f-I 37.783k-r B8Mp
b2v3L1 6.000hijk 71.00j-p 10.667jkl 1.9707opqr 37.3101-r 25490pqr
b2v4L1l 2.667k 27.67p 12.333¢-l 2.7100g-m 35.983pqr 425.9opqr
b2v5L1 9.000d-j 121.67d-j 15.000c-j 2.07070pqr 37.1901-r 513par
b2v6L1 8.000f-j 78.00i-p 13.667e-| 2.09870pq 39.350f-0 758
b3viLl 5.000jk 36.670p 15.333b-j 3.0233efgh 37.223Ir 6aa.
b3v2L1 5.333ijk 44.00nop 12.333g-l 2.8667e-k 38.643h-r .8@0
b3v3L1 9.000d-j 57.33I-p 13.667e-l 1.8167qr 36.5370pqr A06[qr
b3v4Ll 6.667g-k 90.67g-n 11.667h-I 2.8133f-m 36.6030pqr 2.22
b3v5L1 8.000f-j 101.33f-m 11.000ijkI 2.2400n0 36.740n-r 09h-r
b3v6L1 6.000hijk 68.33k-p 16.667a-h 2.07330pqr 35.787r A3

note: Column means followed by the same lettenatssignificantly different at 5% probability levesing least
significant difference (LSD) — abbreviation:L1:;es$s location, L2:non stress location, BO: non ifatian ,B1: co-
inoculation (Pseudomonas fluorescens and Pseudasnoutida ) , B2: inoculation with Pseudomonasiféascens
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, B3: inoculation with Pseudomonas putida,V1:Haydll,V2:Hayola330,V3:Parkland,V4:Goldrush,V5:BP18,
V6:Landrace

Table7b. Interaction effect of Bacteri x VarietyxLocation(BxVxL)

TREATMENT Branches Pods per plant  Seed per pods 1000 seed Oil percentage Seed yield

per plant weight (9) (%) (kg.ha)
boviL2 18.000a 96.33g-n 15.667a-] 4.1767a 43.273abcd 1768.5ab
13.333abcd  164.00abcd 18.000a-f 3.9733abc 43.4687abc  1648.1bcd
bov3L2 8.333ej 82.00i-0 18.000a-f 2.6413jkim 42.310b-f 243b-h
bov4L2 7.000g-k 72.00j-p 18.000a-f 3.5733d 38.777g-r 1404
bov5L2 13.000bcde  196.67ab 12.333g-| 2.9667€-] 39.187f-p 129Be-|
bov6L2 7.667f- 120.67d-k 14.667d-j 2.5033Imn 41.157c] 29Be-|
bivilL2 10.000c-i 50.00l-p 18.667a-e 4.0013ab 42.577a-e 3.746de
biv2L2 6.667g-k 71.67j-p 17.000a-g 3.7253bcd 45.733a Bhgde
b1v3L2 10.667c-h 140.00c-g 14.000d-k 2.6733h-m 44.170abc  3611b-g
biv4L2 5.667ijk 60.67I-p 18.000a-f 3.2107e 40.397d-| 1867,
b1v5L2 12.000b-f 137.67c-h 20.333ab 2.7967f-m 39.157f-q 3.48r
b1v6L2 16.000ab 198 226 13.000f-| 2.4633mn 41.557c-h 119&m
b2viL2 11.000c-g 85.33h-0 16.000a-i 4.0000ab 41.730c-h 158BC
b2v2L2 10.000c-i 152.33b-f 20.000abc 4.0533ab 45.470ab 1.323
b2v3L2 13.667abcd  213.33a 12.667g-| 2.7300g-m 43.923abc 1296.3b-i
b2v4L2 10.667c-h 139.67c-g 14.000d-k 3.5733d 40.687d-k 68itde
b2v5L2 14.000abc 140.00c-g 14.667d-j 2.9733e] 40.293d-m  38.%-r
b2v6L2 8.333ej 110.0e-I 17.333a-g 2.6033kIm 41.670c-h 7187
b3viL2 6.667g-k 70.00j-p 20.667a 4.0433ab 41.900c-g 15648
b3v2L2 11.000c-g 186.00abc 19.000abcd 4.0467ab 43.200abct 2185.2a
b3v3L2 11.333b-g 140.67c-g 14.333d-j 2.6267jkim 41.663c-h  1212.9d-k
b3v4L2 12.000b-f 155.67bcde 20.333ab 3.6313cd 41.213c-i 88.9®-f
b3v5L2 8.000f-j 83.00i-0 15.333b-j 3.0080e-i 40.660d-k %Y
b3v6L2 7.667f-j 142.67¢c-g 15.333b-j 2.5233kImn 41.467c-h 231.5¢-k

note: Column means followed by the same lettenatssignificantly different at 5% probability levesing least
significant difference (LSD) — abbreviation:L1:;es$s location, L2:non stress location, BO: non ifatian ,B1: co-
inoculation (Pseudomonas fluorescens and Pseudasnoutida ) , B2: inoculation with Pseudomonasiféascens
, B3: inoculation with Pseudomonas putida,V1:Haydll,V2:Hayola330,V3:Parkland,V4:Goldrush,V5:BP18,
V6:Landrace

CONCLUSION

They were concluded from the present study

1- Drought stress drastically lessened seed yield thisddecreasing final yield was special palpabje b
reduction of pod per plant more than other yie@ddhponents and seed per pod less change than offikesefore
seed per pod seems to be beneficial tool for setegtriety under drought stress.

2- individual inoculation of Brassica oilseed rap#hvweither Pseudomondkiorescensor Pseudomonas
putida showed significant influence on yield formationdamitigation of drought stress but interestinglo-
inoculation had antagonistic effect so its sughksthat inoculation or even no inoculation (coljt give better
result than co-inoculation regarding oilseed rape .

3- Brassica Hayola hybrids due to have a better yieliponents result to formation better final segeld
thus application of these cultivars with inocudatiof Pseudomonas sp. particularly in non stresgliton is
worthwhile.
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