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Table 1- climate data of experimental were taken from of Mashhad Metrological data (2010-2011)
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Table 2- Physical and chemical properties of soil in experimental site
Colad
Gos ] . y L ety e
e PRV | ~5L o o) * QI - _
Fle) e ) el HeS ) peS )
(5 & i Texture (203 (we) (we)) (n0,3) (30,3) (5,5 5kS (5,5 5hS
e A Sand Clay  Silt >} Nitrogen eree eree
Depth pH (%0 (%) (%) (%) .C. (%) Potassium  Phosphorous
(cm) ' (%) (mgkg™) (mg kg™
EC ) ’
(ds.m™)
0-60 8 14 Isolz!\% 35 20.6 44.4 0.53 0.066 201 14.4
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Table 3- Radiation use efficiency (RUESE), determination coefficient (RZ) and coefficient variation (CV) of canola based on

interaction of bacteria x cultivar under non-stress condition

G2 JUVE s PR
s PCIR F U SN
Treatment ~ RUE+SE R’ (x0,2)
CV (%)
b 041385003896  0.97 5.12
bov, ~ 037544+005457 094 8.19
bovs  +0.095880.17546 052 14.66
bov, ~ +0.14365054431 082 23.45
bovs  0.11065+001122 097 332
bovs  0.15730+001262 098 2.6
bv,  029573+003779 095 6.4
by,  057208+004033 098 5.35
by,  037950£020143 054 23.46
by,  028681:002450 097 4.84
bivs  0.28180+002039 098 3.19
bve  035451:005969 092 1237
by,  024351+003205 095 4.98
b,  032751:002804 097 4.13
bv;  013254+001374 096 252
b,  062885:008687  0.94 13.26
bvs  021935+006347  0.79 1263
bvs  0.33656+004433  0.95 9.56
b,  0.34766+004409 095 6.04
b,  050239:008171 092 9.98
bsv;  030836+003317 096 8.08
bav,  029989£004290  0.94 9.77
bsvs  017658+0.18861  0.22 22.04
bavs  0.29900+004375 093 8.13

:B3 Pseudomonas fluorescens (s ,:Sb L @il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ xS'b o155 93 3.4 :Bq el pac :Bg
»8,:Ve s BP18 3, :Vs Goldrush 3, :V, Parkland .3, :V; Hayola 330 3, :V, Hayola 401 .3, :V; Pseudomonas putida (s zsL b gl
Landrace

By: Control, B;: B,+B3, B,: Pseudomonas fluorescens, Bs: Pseudomonas putida, V;: Hayola401, V,: Hayola330, Vs: Parkland, V,:
Goldrush, Vs: BP18 and Vg: Landrace
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Table 4- Radiation use efficiency (RUE£SE), determination coefficient(Rz) and coefficient variation (CV) og canola based on
interaction of bacteria x cultivar under stress condition

1l gt o
o 9 Bpan 2w caps
Treatment RUE+SE R? (+02)
CV (%)
bovs 0.34343+0.13491 0.68 19.34
boa 0.45520 + 0.5903 0.95 8.09
bevs  0.14846+0.05812  0.68 18.36
bovs  0.38890+0.03265  0.97 4.90
bovs  0.17719+0.01606  0.97 2.11
bove  0.40572+0.06642  0.92 11.30
by, 0357274010579  0.79 17.90
by,  034434+012641  0.71 21.03
byvs  0.24161+0.03926  0.92 7.46
byvs  011895+0.01318  0.96 2.46
byvs  0.11551+0.01050  0.97 1.44
bve  0.10049+001788  0.91 2.89
by,  035585+0.08749  0.84 14.22
by,  015210+0.04453  0.79 9.00
byvs  0.49800+0.09302  0.90 12.70
byvs  0.32667+009621  0.79 17.24
byvs 0124124001923  0.93 2.53
bye  041287+0.11384  0.81 23.81
b,  051708+0.04288  0.97 7.44
b, 0235344007865  0.74 13.29
bvs  0.29006+0.04486  0.93 8.18
bvs  0.26010+0.09049  0.73 18.17
bvs  0.10320+0.02278  0.87 5.90
bive  0.25438+0.03242  0.95 9.29

:B3 Pseudomonas fluorescens ¢ :sb L il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ :s'b o155 93 3.4 :By il pas :Bg
o8, Vg 9 BP18 3, :Vs Goldrush .8, :V, Parkland .8, :V3 Hayola 330 43, :V, Hayola 401 .3, :V; Pseudomonas putida s Sb b gl
Landrace

Bo: Control, B;: B,+P3, B,: Pseudomonas fluorescens, B;: Pseudomonas putida, V1: Hayola401, V,: Hayola330, Vs: Parkland, V,:
Goldrush, Vs: BP18 and Vg: Landrace
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Table 5-Radiation use efficiency (RUE+SE), determination coefficient (RZ) and coefficient variation (CV) of canola based on
bacteria under non-stress condition

) VS TR
S5 29 Span )5 Crd o g ,;,» gl
Bacteria RUE+SE R? o)
CV (%)
B, 0.37004 + 0.05394 052 22.70
B, 0.34172 + 0.07029 0.65 18.38
B, 0.39689 + 0.07173 0.62 24.38
B, 0.37813 + 0.05180 0.45 25.59

:B3 , Pseudomonas fluorescens ¢ s b il 1B, (Pseudomonas fluorescens and Pseudomonas putida) (s zSb sl g5 5.45 By il pas By
Pseudomonas (s SL b pls
B,: Control, B;: B,+B3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida

O byl 53 68 sl 2 1518 (CV) ol o o 9 (R?) ol < 3o (RUEHSE) 493 e (T8 -1 Jgaa
Table 6- Radiation use efficiency (RUESE), determination coefficient (RZ) and coefficient variation (CV) of canola based on
bacteria under stress condition

[2) Ve U
SSL s dpan )5 e o )Fw il
Bacteria RUE+SE R? o)
CV (%)
B,  0.30529 + 0.06433 0.44 27.65
B,  0.21803+0.03690 0.55 15.35
B,  0.34969 +0.05270 0.61 22.94
B,  0.30607 +0.05295 054 26.68

:B; 4 Pseudomonas fluorescens ¢ :sL b il :B, (Pseudomonas fluorescens and Pseudomonas putida) (s zsb sl ¢ (3.4 By «dls pac By
Pseudomonas (s :SL b gl
Bo: Control, B;: B,+Bg3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida
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Table 7- Radiation use efficiency (RUE+SE), determination coefficient (R?) and coefficient variation (CV) of canola based on
cultivar under non-stress condition

[l JUVE s EPRW.
5 s dpan S S cup e e
Cultivar RUE+SE R? (052)
CV (%)
Hayola 401 039012003883  0.79 1152
Hayola 330 0.45268+0.04747  0.83 12.92
Parkland ~ 0.24273+0.06624  0.42 26.19
Goldrush 0443414006721  0.70 24.40
BP18  0.15448+0.05549  0.30 24.77
Landrace  0.28780+0.03237  0.81 12,62

Landrace 3,:Vs 3 BP18 4, :Vs Goldrush 3, :V, Parkland 3, V3 Hayola 330 ., :V, Hayola 401 3, :V;
V1: Hayola401, V,: Hayola330, Vs: Parkland, V,: Goldrush, Vs: BP18 and Vg:Landrace

O gl 53 o8 ol 32 1515 (CV) 1 puis g 5 9 (R?) comd g o (RUEHSE) 593 b paaa (215 A Jgox
Table 8- Radiation use efficiency (RUE+SE), determination coefficient (R?) and Coefficient variation (CV) of canola based on
cultivar under stress condition

] g o g
P 29 Bpan ol )8 O g o0 i
Cultivar RUE+SE R? (22 )
CV (%)
Hayola 401 0.29709 + 0.04935 078 1597
Hayola 330  0.28061 + 0.05454 0.59 18.41
Parkland  0.28685 +0.08714 0.37 33.29
Goldrush  0.28297 + 0.05259 0.61 18.70
BP18  0.11094 +0.06733 0.13 2258
Landrace  0.26785 % 0.06167 051 24.96

Landrace 8,:Vs 3 BP18 43, :V5 Goldrush 3, :V, Parkland 43, :V3 Hayola 330 43, :V, Hayola 401 3, :V;
V1: Hayola401, V,: Hayola330, Vs: Parkland, V,: Goldrush, Vs: BP18 and Vg:Landrace
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Fig. 1- Fitness of liner relationship between cumulative dry matter in versus of cumulative absorbed radiation of canola
under non-stress conditions
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Fig. 2- Fitness of liner relationship between cumulative dry matter in versus of cumulative absorbed radiation under stress
conditions
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Table 9- Material partitioning coefficient into pod (b+SE), determination coefficient (RZ) and coefficient variation (CV) of
canola based on interaction of bacteria x cultivar under non-stress condition

Sl B a3lg0 pawadd Caps (e i pd T
Treatment b+SE R? (se2)
CV (%)
bovy 0.74216 + 0.04029 0.99 0.37
bova 0.78128 + 0.15258 0.92 2.02
bovs 0.61429 + 0.06426 0.97 1.16
bov, 0.65112 + 0.03510 0.99 1.40
bovs 0.56934 + 0.08952 0.95 3.25
boVe 0.55141 + 0.03755 0.99 1.10
byvy 0.66006 + 0.05438 0.98 0.78
byv, 0.68650 + 0.08902 0.96 1.12
byvs 0.60528 + 0.03029 0.99 0.50
A 0.68792 + 0.03491 0.99 0.66
byvs 0.29811 + 0.00771 0.99 0.59
b1vs 0.53620 + 0.02090 0.99 0.96
bov, 0.73129 + 0.11996 0.94 157
A 0.93934 + 0.08488 0.98 0.87
boVs 0.61054 + 0.02851 0.99 058
bovy 0.66344 + 0.05029 0.98 0.61
bovs 0.37668 = 0.04452 0.97 3.02
bove 0.67266 + 0.01635 0.99 0.34
bav, 0.76210 + 0.05159 0.99 0.67
bav, 0.83323 £ 0.00714 0.99 0.05
bavs 0.56083 + 0.10004 0.94 3.10
bavy 0.61084 + 0.07968 0.96 111
bavs 0.48277 +0.06377 0.96 3.74
bsve 0.54659+ 0.06138 0.97 1.63

:B3 Pseudomonas fluorescens ¢ :sb L il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ :s'b o155 93 3.4 :By il pas :Bg
8, Ve 5 BP18 3, :V5 Goldrush 3, :V, Parkland 3, :V5 Hayola 330 3, :V, Hayola 401 .3, :V; Pseudomonas putida ¢ zSb b il
Landrace

Bo: Control, B;: B,+B3, B,: Pseudomonas fluorescens, B;: Pseudomonas putida, V1: Hayola401, V,: Hayola330, Vs: Parkland, V:
Goldrush, Vs: BP18 and Vg:Landrace
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Table 10- Material partitioning coefficient into pod (b£SE), determination coefficient (Rz) and coefficient variation (CV) of
canola based on interaction of bacteria x cultivar under stress condition

oo YL 4 dlge panatt Cupd e g ket
Treatment b+SE R? (32 ,)
CV (%)
bovy 0.30820 + 0.03637 0.9729 0.92376
bovy 0.58528 + 0.03176 0.9941 0.78261
bovs 0.28590 + 0.04653 0.9497 0.87657
boVa 0.24906 + 0.02866 0.9742 0.54244
bovs 0.22055 + 0.03197 0.9597 0.97711
boVe 0.21698 + 0.00796 0.9973 0.62753
byv, 0.26597 + 0.02070 0.9880 0.73636
byv, 057717 + 0.14283 0.8909 2.64247
byvs 0.38473 + 0.02262 0.9931 0.61555
byvs 0.25012 + 0.05317 0.9171 1.18790
byvs 0.16343 + 0.02100 0.968 1.39700
byVe 0.24119 + 0.03613 0.9570 0.9570
bov, 0.25702 + 0.04777 0.9354 1.12336
bov, 0.35415 + 0.01839 0.9946 0.36406
byvs 0.20041 + 0.04807 0.8968 1.59095
boVs 0.26360 + 0.02670 0.9799 0.93212
byVs 0.17229 + 0.00214 0.9997 0.10483
b,ve 0.33606 + 0.05661 0.9463 2.07050
bsv, 0.28963 + 0.03445 0.9725 1.71644
bsv, 0.62148 + 0.31559 0.6598 6.80159
bavs 0.21334 + 0.03219 0.9565 2.30179
bav, 0.21832 + 0.01037 0.9955 0.61750
bavs 0.21466 + 0.01173 0.9941 0.66395
bave 0.24760 £ 0.02529 0.9796 1.46981

:Bs Pseudomonas fluorescens (s ,:Sb L @il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ xS'b o155 93 3.4 :B1 el pac By
o5, Vg 9 BP18 3, :Vs Goldrush .8, :V, Parkland .5, :V3 Hayola 330 43, :V, Hayola 401 ., :V; Pseudomonas putida s zSb b gl
Landrace

Bo: Control, B;: B,+B3, B,: Pseudomonas fluorescens, B3: Pseudomonas putida, V1: Hayola401, V,: Hayola330, V3: Parkland, V:
Goldrush, Vs: BP18 and Vg: Landrace
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Table 11- Material partitioning coefficient into pod (b+SE), determination coefficient (RZ) and coefficient variation (CV) of
canola based on bacteria under non-stress condition

SAL O wlge panasS cops el g o e
Bacteria b+SE R? (32 )
CV (%)
Bg 0.64588 + 0.00834 0.99 4.78
B, 0.60661 + 0.00961 0.99 4.64
B, 0.61184 +0.01657 0.98 8.64
B; 0.66091 + 0.01085 0.99 6.13

:B3 , Pseudomonas fluorescens ¢ s b b :B, (Pseudomonas fluorescens and Pseudomonas putida) (s zSb sl g5 545 By il pas By
Pseudomonas s ,sL b gl
Bo: Control, B;: B,+B3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida

OB bl )3 5 Sy ESen 1 el 2 135 (CV) ol eS8 5 (R) (o i s (DHSE) Y g0 pamnads s o 1V g
Table 12- Material partitioning coefficient into pod (b£SE), determination coefficient t(RZ) and coefficient variation (CV) of
canola based f bacteria under stress condition

S B sl g g R TP
Bacteria b+SE R? (32 )
CV (%)
By 0.52992+ 0.01826 0.97 9.84
B, 0.50828 + 0.01084 0.99 4.62
B, 0.50672 + 0.06394 0.73 19.71
Bs 0.52560 + 0.03511 0.91 23.33

:B3 , Pseudomonas fluorescens ¢ s b il :B, (Pseudomonas fluorescens and Pseudomonas putida) (s zSb sl g5 545 By il pas By
Pseudomonas (s :SL b gl
By: Control, B;: B,+Bg3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida

A @as byl g3 o8y (poll 2 135 (CV) Oy s 3 9 (RY) el 5 (DSE) DY a1 D90 s g o — VY Jgoa
Table 13- Material partitioning coefficient into pod (b+SE), determination coefficient (RZ) and coefficient variation (CV) of
canola based on cultivar under non-stress condition

. " Oy g o
~) OIE &y dlge amass Cupd o gl
Cultivar b+SE R? (2,2)
CV (%)
Hayola401  0.62535 * 0.03463 0.95 481
Hayola330  0.56570 % 0.02763 0.96 471
Parkland 0.68641 + 0.02158 0.98 3.22
Goldrush 0.66481 + 0.02205 0.98 5.88
BP18 0.44565 + 0.05653 0.81 6.03
Landrace 0.64263 + 0.00844 0.99 192

Landrace o3, :Vg 3 BP18 8, :Vs Goldrush 43, :V, Parkland 3, :V5 Hayola 330 ., :V, Hayola 401 .3, :V;

V1: Hayola401, V,: Hayola330, Vs: Parkland, V,: Goldrush, Vs: BP18 and Vg: Landrace
‘ga._uy) L) 4_l.o.> UT )I <\_§ '\")I“\fk.fa )4‘ LJ.LDm L.Fw"l) 9 (5““9) l>)’ﬂa_¢>| ‘) bL:f PI) ).) d)u_wyﬁ .)‘H u5L&.~e é—.’.)}’
Slgo g Ol du uwyiwd S B9y 65 ¢ SH)b )l an Lwd (035 Jolse (Taiz & Zeiger, 2010) aio5 \uafa:'u“
o)l plgiiee (sloydd slaplil 6,8k cud )b 5 baygeyom 2138
(Fageria & Baligar, 2005) » 5
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Table 14- Material partitioning coefficient into pod (b£SE), determination coefficient (Rz) and coefficient variation (CV) of
canola based on cultivar under stress condition

o) GWE W dlgo panads o ps o Cu o e e p

Cultivar b+SE R2 (2,9)

CV (%)
Hayola 401 0.28116 + 0.06167 059 11.03
Hayola 330 0.32825 + 0.04280 0.80 577
Parkland 0.56875 + 0.06178 0.85 18.98
Goldrush 0.63144 + 0.43265 0.13 29.68
BP18 0.27768 + 0.05256 0.66 7.14
Landrace 0.53490 + 0.14801 0.48 24.03

Landrace .3, :Vs 5 BP18 43, :Vs Goldrush ., :V4 Parkland .3, :V5 Hayola 330 .3, :V, Hayola 401 .3, :V;
V1: Hayola401, V,: Hayola330, V3: Parkland, V,: Goldrush, Vs: BP18 and Vg: Landrace

Kloepper etal., ) ol,Kan g 558 (W g )+ gloJols) cuilis
Ol el (uigegdgu sl Sl oS W3S )5S (1987
G5SL bgd balswe 38 10 piored .l oad lalS > w3,
A o iy 5 g 55 bglse ol 45 05 I35 oS L
2,85 5 48k0 &yguo 4 ] il

Sl o3le 50 > IS s e glopis IS 5k 4
Nikalaeve et al., ) o)l)LSon 5 s¥LS5 055 (o lalS Ay o
5 5 s oelS el (S5 5 Jlas) 45 2inS ol55 (2008
5 2l Glisy g ady) Suis

4 ey o olS Sis 5 5 gy el ol Jlis 4 5 05 Jlee
0355 3 SLS )3 39390 O d (ayiand o Wlgi oo Ol dgueS
215 53 55 el Sy lsie 45 ms Gl ok il
(Achard et al., 2006) >4 8,5
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Introduction

Oilseed rape (Brassica napus L.) is one of the valuable oilseed crops which has been attracting attention in
recent years (Arvin et al., 2011). Several factors such as water shortage, low relative humidity, heat and salinity
can make drought stress. Radiation use efficiency and yield components are the effective factors of yield
formation in oilseed rape. Drought tolerance in oilseed rape depends on other factors except radiation use
efficiency. Studies have indicated that plant growth promoting rhizobacterias (PGPRs) has a direct effect on
growth and they can cause resistance to the abiotic stress as well. Hence, considering the drought climate in Iran
and the effects of PGPRs on increasing resistance to abiotic stress and relief of drought effects and the
importance of the cultivation of oilseed rape in Iran, the present research was done with the goal of study of
drought and some plant growth promoting rhizobacteria (PGPR) on radiation use efficiency and dry matter
partitioning into pod in different cultivars of oilseed rape.

Materials and methods

The current study was done on the basis of two simultaneous experiments (under stress and non-stress
experiments) during 2010- 2011 growing season at Agriculture and Natural Resources Research Station of
Torogh, Mashhad is in East-North of Iran (36° N, 59° E, 1003 as).Two research sites (under stress and non-
stress fields) were beside each other. This region has a semi-arid climate (annual rainfall 286 mm). The
experimental design was factorial based on randomized compeletly block design with three replications in each
experiment. The first treatment was plant growth promoting rizobactria, including By: no inoculation (control),
Bs:co-inoculation (Pseudomonas flourescens 169+P. putida 108), B,: inoculation with P. flourescens 169 and
Bs: inoculation with P. putida 108. Second treatment was cultivar, including Hayola401 and Hayola330 cultivars
belong to Brassica napus, Parkland and Goldrush cultivars belong to B. rapa and BP18 and landrace cultivars
belong to B.juncea . Radiation use efficiency and the allocation coefficient of materials to pods were measured in
the present study as well. In addition, analysis of variance (ANOVA) was performed using SAS ver. 9.1
software.

Results and discussion

Radiation use efficiency

There were significant differences between stress and non-stress conditions in levels of bacteria, cultivar and
bacteria x cultivar regarding radiation use efficiency. The outcomes showed that the coefficients of radiation use
efficiency in each level (bacteria, cultivar and bacteria x cultivar) under non-stress condition was comparatively
higher under stress condition. The interaction effects of bacteria x cultivar showed that P. flourescensx Goldrush
under non-stress condition with 0.62+0.08 dm.mg™ had the most and two strains of bacteriax Landrace with
0.1+0.017 dm.mg™ had the least radiation use efficiency. Regarding bacteria level, Pseudomonas flourescens
under non-stress condition with the average of 0.39£0.071 dm.mg™ had the highest radiation use efficiency.
Hayola330 cultivar with 0.45+0.047 and Hayola401 cultivar with 0.39+0.038 dm.mg™ obtained the greatest RUE
under non-stress condition and BP18 cultivar with 0.11+0.06 dm.mg™ revealed the lowest RUE under stress
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condition. Both drought stress and simultaneous application with two strains of bacteria had negative effects on
RUE.
Dry matter partitioning into pod

In this trial, considerable difference regarding pod partitioning coefficient revealed in the level of cultivar and
bacteria x cultivar. The value of the pod partitioning coefficient under this investigation ranged from 0.9393+
0.084 under non-stress condition to 0.1634+ 0.0210 under stress condition. Although inoculation treatment of
bacteria had the synergy effect, co-inoculation treatment had the antagonistic effect of pod partitioning
coefficient. Moreover, the rate of the pod partitioning coefficient lessened under drought condition. Berry &
Spink (2006) and Arvin et al. (2014) stated that there were positive correlation between HI and partitioning
photoasimilate in to economic organs. The results of the present study showed that dry matter partitioning into
the pod with a final yield had a 91% positive correlation under non-stress and 74% under stress condition.

Conclusion

In conclusion, negative effects of drought and positive effects of application of bacteria on RUE and pod dry
matter partitioning were obtained in this trail. The results illustrated that separate application of bacteria had
synergy effect and conflation of two strains of bacteria had an antagonistic effect on both studied traits.

Keywords: Brassica napus, B. rapa, B. juncea, Pseudomonas strains
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