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ABSTRACT

Plant salt stressis a condition where excessive salts in soil solution cause inhibition of plant growth or plant death.
On a world scale, no toxic substance restricts plant growth more than does salt. Salt stress presents an increasing
threat to plant agriculture. The objective of this work was to evaluate the effects of the salinity stress (control, 150
and 300 mM NaCl) on 12 canola (Brassica napus L.) cultivars (Olga <Wild cat, Sari gol, Herosr, Cracker, Comet,
Option 500, SW hotshot, Amica, SW5001, Eagle and RGS003). The experiment was split plot design under
hydroponic culture in Greenhouse of university of Tabriz, Iran. Morphological parameters of root and shoot dry
weight, 1000-seed weight, length of pod, number of pods per plant, seed yield and osmotic potentional in leaves
canola cultivars were highly significant differences for main and interaction effects of two factors (salinity and
Genotype) studied. salinity decreased the roots and shoots dry weight of canola plants and this effect was
particularly significant at high level of stress. Phat analysis indicated that, number of pods per plant was thermore
influenced traits on seed yield under normal and salinity condition. Therefore, selection based on pod per plant
would be more effective to improving seed yield of canola in salinity stress conditions and This trait is easy to
determine and would be useful in breeding programs.
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INTRODUCTION

Water deficit stress due to drought, salinity, xtremes in temperature is the main limiting factiarsplant growth
and productivity resulting in large economic lossemany regions of the world [1]. Water deficitests has effect
on vegetative and reproductive stages of canola. difect of water deficit stress was more duringroductive
growth than vegetative growth of rapeseed [2]. &fiect of drought stress is a function of genotyipgnsity and
duration of stress, weather conditions, growth, dexelopmental stages of rapeseed [3]. Althoughethe of salts
in most irrigation waters is below the thresholdtfte more sensitive crops, salt accumulationrigated soils from
both irrigation and groundwater sources can in@eadinity to levels which can reduce growth aneldjiof even
the more tolerant crops. Overcoming salt stressrigin issue in these regions to ensure agricliuistainability
and continued food production. Rapeseed is adaptivean not only as a source of edible oil, bigoafor many
other usages. Rapeseed is the third most impcetiibte oil source in the world, after soybean aathmpp Among
the oil seed crops, Brassica napus is the ampbidiplin origin. Saline soils and saline irrigatiofaters present
potential hazards to canola production. Canolashagh adaptability under the different environnaéronditions
especially under the drought, salinity and tempeeastresses. Iranian farmers evaluate canolavatgtionly in
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terms of yield potential, earliness and yield flattons by location and year. For that purposeesap varieties
must be developed by selection among and withiuladipns that have very rich variations in impottagronomic
traits. The success of selection depends on thieeld selection criteria for improving seed yi¢dd. Seed yield is
combination of many traits, which are polygenimature and it is difficult to make direct selection these traits.
Therefore, indirect selection through associatedmment traits is possible to improve the seedlyi€b separate
correlation coefficients into components of direetd indirect effects, the path-coefficient analygisvides an
excellent tool as it can measure the direct anuentleffects of interrelated components of a caxprait like yield
[5,6]. The method allows the partition of the ctatien coefficients into direct and indirect effecapplied to a
causal diagram built according to logical basise Hmalysis allows a critical examination of specffictors that
produce a given correlation and can be successfofigloyed in formulating an effective selectiorattgy. Plant
yield components develop sequentially with latevedeping components under the control of earlierefi@ping
components [7]. The interrelationships among pyéeld and other traits may be varied in differerater treatment
conditions [8]. Cobos et al. [8] reported that etation between seed yield and seed size in chicly@es negative
and significant at one condition but positive aigh#icant at another condition. Although, there aeveral reports
on correlation and path coefficient analysis inatar{9], detailed cause and effect relationshipsgisequential
path analysis have not been examined in canola [ main objectives of this research were to yaeathe
correlation between seed yield and related traitanola by applying sequential path analysis dedtifying traits,
of genotypes, which may be useful in breeding highelding programs in saline soils.

MATERIALSAND METHODS

Plant Materials

The experiment was conducted in hydroponics culeygtem under greenhouse conditions at the Faalflty
Agriculture, University of Tabriz. The experimenti#sign consisted of 36 treatments replicated ttimees in split
plot design, with salinity as main factor and awdti as sub factor with 5 plants in each subplotele canola
cultivars (Brassica napus L.) OlgaVild cat, Sarigol, Heros, Cracker,Comet, Option 500SW hotshot,Amica,
SW5001,Eagle andRGS003 were subjected to three NaCl concentrat{onsl50 and 300 mM). Seeds were
sterilized and germinated in petri dishes and sedenoil seedling of uniform size were transferigtb large
sandbanks housed within an environmentally—comimolgreenhouse (14h daily light, 600-800umol m-2s-
1photosynthetic photon flux density (PPFD) therneoigd 25\15°C day\night, relative humidity 50\60%/thight).
The P.V.C. tanks were sub irrigated and flushed fooes daily with a modified Hogland nutrient stodun. NaCl
stress was imposed seven days after the seedliengstransferred.

M easured Traits

Plots were harvested by hand and then threshedtéordine seed yield and yield components. Data wemerded
for pod height, 1000-seed weight, dry shoot weight; root weight, length of pod, seed yield and oSm
potentional. Simple correlation coefficients caltatl among all possible combinations of traitstegldo SY.

Statistical Analysis

Simple correlation coefficients calculated amonl paissible combinations of traits related to SY.r€kation
coefficients among all pairs of variables, standadl regression coefficients and multi regressisimgi Stepwise
method calculated by SPSS 18.0 statistical caridia. path coefficient analysis was conducted acogrtih Lee
[11].

Table 1. Direct and indirect effects between seed yield and somerelated traitsin canola under control conditions

Traits direct effects Indirect effects_ via _ Corre_lation
Pod per plant  fresh root weight  dry root weight  ffioien
Pod per plar 0.721 - 0.10¢ 0.09¢ 0.91
fresh root weight 0.471 0.065 - 0.395 0.93
dry root weight 0.320 0.273 0.042 - 0.64

RESULTSAND DISCUSSION

In order to explain better the achieved resultsnfimple correlations and stage regression andtalsietermine
cause and effect relations to identify direct andirect effect to components and entered traits egression
model, path analysis by the method of Dewey Woleas applied [12].
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Path coefficient analysis was conducted by consideyield-related traits as pridictor variables as®kd yield as
the response variable. This method allowed separati the correlation coefficients with componeotglirect and
indirect effects. In the control condition, comparithe direct and indirect effects between seeltl yaed some
related traits were calculated (Table 1). In 8tate, seed yield was positively correlated witkd Per plant, fresh
root weight and dry root weight (Table 1). In cahtcondition, Pod per plant is best criterion forproving seed
yield in canola. In this way, screening for highdRzer plant may bring increase in canola seed yialier control
condition. According to path analysis, based omifizant genotypic correlations in this conditidPod per plant
had highest positive direct effects on seed yield.

Table 2. Direct and indirect effects between seed yield and somerelated traitsin canola under mild salinity conditions

Traits direct effects Indirect effects vi Corre!a_tior
Pod per plar  Root lengtl  coefficier

Pod per plant 0.523 - 0.170 0.70
Root length -0.360 -0.060 - -0.42

Comparing the direct and indirect effects betwesgdsyield and some related traits in mild salicitydition were
calculated (Table 2). Significant genotypic cortielas were used to path analysis and results regi¢hht trait Root
length had negative direct effects on seed yieltl Root length had positive direct effect on seaddy{Table 2).
Also in mild salinity conditions, Pod per plantisst criterion for improving seed yield in canola.

Table 3. Direct and indirect effects between seed yield and somerelated traitsin canola under high salinity conditions

Trait direct effect Indirect effects via Correlation
rais rect eneCtS53d per plant  fresh root weight Osmotic potentiondlength of pod  coefficien
Pod per plant 0.275 - 0.052 0.059 0.014 0.40
fresh shoot weight 0.266 0.050 - 0.020 0.04 0.37
Osmotic potentional 0.340 0.083 0.03 - -0.08 0.40
Length of pod 0.307 0.160 0.04 -0.070 - 0.29

In the high salinity condition, comparing the dirand indirect effects between seed yield and smiated traits
were calculated (Table 3). In this state, seeltlyias positively correlated with Pod per planesh root weight,
Osmotic potentional and length of pod (Table 1js klso interesting that in this condition, pods plant is the best
criterion for improving seed yield in canola. Iristtway, screening for high Pod per plant may biimgease in
canola seed yield under high salinity condition.céwing to path analysis, based on significant ggrio
correlations in this condition, Pod per plant haghbst positive direct effects on seed yield.

CONCLUSION

This investigation concluded that in control coimis, genotypic association of seed yield with Pedplant, fresh
root weight and dry root weight is positive andngiigant. While, in the high salinity conditionseed yield has
positively and significantly correlated with Podr ant, fresh root weight, Osmotic potentional dexgth of pod.
Considering to our results, Pod per plant can lm gelection criteria because they could easilysmeaand have
strong and highly significant positive correlationdth seed yield in three conditions. This relatbip was
confirmed by the path analysis as they had a ceraslide positive direct effect on seed yield. AlSismotic
potentional in high salinity conditions has postidirect effect on seed yield. Therefore, selechiased on these
traits would be more effective to improving canséeed yield under control and salinity conditions.
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