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ABSTRACT

The present study was conducted to evaluate the canola (Brassica napus L.) Genotypes responses to drought stress
and different growing conditions. According to this, 20 genotypes of canola were cultivated at two different regions
and irrigated normally until flowering stage. The canola irrigation was cut at the flowering stage and canola
genotypes sense drought stress from flowering stage until harvesting stage. In this experiment, the yield and yield
components were recorded for all genotypes. Results showed that canola genotypes had a different response to
drought stress. Moreover, it was observed that canola yield and also its yield components formation were
significantly affected by interaction of genotype and growing conditions. The canola seed yield, number of silique
per plant, seed number in silique, 1000-seed weight, seed ail content and oil yield was significantly reduced due to
drought stress. It was found that 1000-seed weight had the highest effect on the canola seed yield formation, in
comparison with other yield components. According to our results, it can be concluded that the canola response to
drought stress was genotype-dependent. It was also concluded that 1000-seed weight could be a suitable trait for
selection of the canola genotypes.
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INTRODUCTION

Drought is one of the main environmental constgtot agricultural productivity worldwide. Regarditg plants
growing in a defined growth season, water availighih the soil is one of the most important fastaffecting the
plant growth and development.The water deficitha soil has an evident effect on plant growth tlegiends on
both severity and duration of the stress [5-8-9f&bwer, the time of the drought stress occurrense @an be
important. It has been noted that drought stresingluthe cropping season can directly affects gngeld,
particularly at the reproductive stage. There asnynfindings that confirmed the yield loss by drbugtress
occurred in the reproductive stages [19-28-38-B@lvever, the response of the plant to drought stoesurring at
the reproductive stages could be depend on thetymnogrowing conditions, plant shape, plant depelent type,
etc. The genus Brassica is one of 51 genera irtrihe Brassiceae belongs to the crucifer familyd as the
economically most important genus within this trilsentaining 37 different species [14].CandBigssica napus
L.) is an amphidiploid species derived from intexsficcrossesbetweenB.Oleracea and B.Rapa [32].€asol
grown as oilseeds in manycountries of the world] #&nis the most productive Brassica oilseed spsegider
cultivation. Canola oil is currently the lowest wated fat vegetable oil and is a main source fomdn oil
consumption in the world. So, its breeding and aksponse to abiotic stress are interested foarelsers. The
researchers are trying to find a canola varietychiiias a stable yield under unstable condition.

One of the abiotic factors affecting canola growatid yield is the soil water availability, specialrithg different
growth stages. Although the canola yield has beequently evaluated under drought stress [3-129:-3&@51].
There is a possibility to find a genotype, whiclvegi better function than previous genotypes, eafpeainder
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drought stress. So, study the canola genotypesilanduse the selection method could be a suitdtdeegy in the
canola improvement. The main differences betwe@oleagenotype responses to drought stress mayldteddo
the component yield variation under drought stré&egarding to this study the canola yield companeould be
open a new procedure for finding a suitable cultivhcanola.The present research was conductetutty she
canola genotype responses to drought stress aeglatriflowering stage and then select the besttgpador use in
the dried regions and also for application in theeding programs. Moreover, the yield componentgatian of
canola was also assessed in the mentioned situation

MATERIALS AND METHODS

The research was conducted intwo regions of Iai20il5-2016. One of the fields was located at Bzsity, in
Kohgiluyeh and Boyer-Ahmad province.The on otheldfiwas located at RostamCounty, in in Fars pravifnth
of the experimentswere conducted as factorial exat, including genotype and irrigation regimestdas with 3
replications. In each experiment, 20 canddeagsica napus L.) genotypes were cultivated. The genotypes name is
presented in the Table 1.After canola cultivatitihe irrigation regime was applied as two types.tha first
treatment, irrigation regime was applied in a ral@vapplication (based on 80 mm evaporation fromgbass A), as
control treatment. The second irrigation regime wpplied as drought stress at flowering stage ableawhich
irrigation was stopped at this stage and continugd the end of the growing period. Each experitrgot was 6
m?. The fertilizers (N, P, and K) were added to tieédfbased on the soil requirement. After treatmemiplied, the
plants were harvested and the yield and yield comapts were recorded. The yield components wereaidec:
silique number per plant, seed number per siliquel®00-seed weight.

Table 1.Canola genotype used in this experiment.

KS21 AS17 KS18 KRS19 KRS33 KRS17 SS48 SS29 KRS28 KRS64 Name

10 9 8 7 6 5 4 3 2 1 Code
AS29 KS66 AS25  SS32 KS41 AS22 KS14 AS12 AS18 KS16 Name
20 19 18 17 16 15 14 13 12 11 Code

The seed oil content and finally oil yieldwere edéted for canola genotypes. The seed yield contastcalculated

by NAR systems and it was present in the weighte@age. Thereafter, the seed oil percentage wétipled to

seed yield in order to find the oil yield [41]. order to find the yield components portion in theaf seed yield
formation of canola, a path analysis was conduckextording to this, the direct and indirect effeddt yield
components was assessed. In order to analysixpleeimental data, both of the field experiment wemanged in a
combined analysis design involving two factoriabesiments. The data were analyzed by analysis ridivee in the
format of the general linear model (GLM) using SA&tware.Thereafter, the least significant differer{LSD)
method was used in or to comparison of the treatmsans. The path analysis was done by SPSS package
software. The histograms were provided by Excel.

RESULTS AND DISCUSSION

Results showed that genotypes yield was signifigaffected by environmental condition and alseefféd by the
interaction of genotype and drought stress (Taple 2

Table 2. Analysis of Variance for yield and yield omponents of Canola Brassica napusL.) genotypes treated by drought stress and
different growing locations

(S.0.V) df Mean of Squares (MS)

Seed Silique in Seed in 1000 seed Oil Oil

yield plant silique weight content| vyield

Place 1 26" 1279 349" 0.76* 0.08 4.1

Rep (Place) 4 0.58 538 11.9 0.08 25 0.1"

Drought stress 1 228 141705 5201 35 577 47

PlacexDrought stress 1 0.14 0.95 811 0.04 8.3 0.1
Genotype 19 1.6 873 15.9" 1" 4.6 0.3
GenotypePlace 19 0.18 359 3.9 0.23 46.5 0.05
Genotypedrought stress 19 0.63 559 5.3 0.2 2.5 0.117
PlacexGenotypedrought stress 19 0.14 262 7.2 0.1 1 0.02
Error 156 0.15 252 4.6 0.12 1.2 0.028

Coefficient of Variation (%) - 13.7 17.2 9.1 12.9 2.7 14.1
Coefficient of Determination (i - 0.92 0.82 0.90 0.77 0.93 0.93

** and *, significant at 0.01 and 0.05, respectively.
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It was observed that the yield of Canola was dee@g21%, in comparison with field 1) in the fidddfigurel).

The interaction between Canola genotypes and dtcsighss showed that Canola genotypes didn'thagsathe
responses to drought stress (Figure 1). In the alocaondition, the highest (4.5 t/ha) and lowesfi13t/ha) yield

were observed in the genotype 4 and 15, respegtilrelthe drought stress condition, genotypes 1 Ehdhowed
the highest (2.8 t/ha) and lowest (1.07 t/ha) yietdpectively. The highest yield loss was occuimeithe genotypes
8 and 9 and minimum vyield loss was observed irgtmotype 14.
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Figure 1. Seed yield of CanolaRrassica napus L.) genotypes in two locations and different condions of soil water content.

It was observed that the number of silique per lEama@s significantly affected by genotype and dtdustress
(Table 2). A significant loss (41%, in comparisoithwcontrol) in the silique number was observed ttudrought
stress (Figure 2). Results showed that canola gpestwere variant in the silique number productamthe highest
(109 siliques) silique number was observed in theotype 4 which was not significantly different kvijenotypes
1,2,5,6,7,8, 10, 12 and 13 (Figure 2). Theimirm silique number (78 siliques) was observed@denotype 19
which didn't show a significant difference with ggypes 20, 18, 17, 16, 15, 9, 10, 11 and 3 (Figlre
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Figure 2. The number of silique among CanolaHRrassica napus L) genotypes in two condition of soil water conten

Results of analysis of variance showed that thd seeber per silique was significantly affecteddanotypes and
also interaction of growing conditions and droughess (Table 2). The seed number per silique nblaawas

significantly decreased by drought stress at the flelds, but the decreasing severity was not santbe both of
the fields (Figure 3). The highest seed numbessjigue (31.2 seeds) was created under normal tiondind in the
field 1 (Figure 3). The lowest seed number pegséiwas observed under drought stress conditiornating field 1

(Figure 3). The loss of the seed number per siliquihe field 1 and 2 were 41 and 22%, respectivéhe seed
number per siligue was varied among the canolatgpes. The highest seed number per silique (2%8tl was
observed in the genotype 6 which didn’t have sigaift differences with genotypes 1, 4, 7 and 14ufé 3).
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Figure 3. The seed number in silique of CanolaBfassica napusL.) genotypes in the two places and different coritibn of soil water
content
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The lowest seed number per silique (21.6 seedsphserved in the genotype 18 which was statisyicalime with
genotypes 20, 19, 17, 15, 13, 9 and 3.It was skan1t000-seed weight of canola genotypes was gignify
affected by drought stress and interaction betwgmotype and growing conditions (Table 2). The Itestlearly
showed that 1000-seed weight of canola was sigmifig decreased (24%, in comparison with contrgldought
stress (Figure 4). The results showed that 1008-segght of canola was dependent on the growinglitimms and
genotype, as the highest 1000-seed weight (3.6ag)olserved in the genotype 5 under field 1 andbthest (2.17
g) was observed in the genotype 17 under fieldndition (Figure 4).
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Figure 4. The 1000-seed weight of Canol&(assica napus L.) genotypes in the two places and different coritibn of soil water content

It was observed that seed oil content of canola sigsificantly affected by double interactions afoging
conditions and drought stress condition, genotype growing condition, genotype and drought strdsble 2).
Although drought stress decreased the seed oilengnthe decreasing severity was dependent on ggowi
conditions. The maximum and minimum of canola seiédontent (43.1% and 38.9%, respectively) wersenbed
in the in the field 2 and in the normal and drouginéss conditions, respectively (Figure 5). Thedsail losses in
the field 1 and 2 were 4.5% and 9%, respectivelgyfe 5). Regarding to seed oil content variatidghs, canola
genotypes showed different responses under diffegnewing conditions. The highest (42.9%) and |awd§.5%)
seed oil content of canola was observed under fiedthd in the genotypes 10 and 18, respectivelyu(Ei5). The
results clearly showed that drought stress sigaitiy decreased the seed oil content in all ger®ypigure 5). In
this object, the highest of seed oil content ofotar(44.5%) was observed in the genotype 4 growingormal
condition and the lowest seed oil content (38%) s&n in the genotype 17 growing in the drouglesstcondition.
The maximum (12%) and minimum (4) seed oil contesses causing by drought stress were observedein t
genotype 1 and 10, respectively.

4“4 4] 4
4“4
[4]
4
414
4
3
38
37
37 36

L 3
Cantrol Droughtstrss

——Cotrd -4 Droughtstess

——Faldl
——Fddl Rl

- Field 2

Ol percentage inseed

Oil percentage in seed

11 3 ¢ 5 6 7 8 % 0 OU DB UL K VBB D

10103 45 6 7 8 9 0 H BB UL KU B LD
Genotypes

Genotypes

Figure 5. Oil percentage in the seed of Canol®8(assica napus L) genotypes in two places and different conditioof soil water content

Results showed that double interactions of grovdgogditions and drought stress condition, genotypk growing
conditions, genotype and drought stress signiflgadgtermined the final oil yield of canola (Talde The oil yield
of canola was significantly decreased by drougiesstunder both of the fields (Figure 6). The @ld/loss caused
by drought stress in the field 1 and 2 were 48%&0%, respectively. Regarding to this, the maxinuinyield (1.8
t/ha) was observed in the normal condition andhim field 1 (Figure 6). The minimum oil yield (0.6ha) was
observed under drought stress and in the field Y2ldBking at the interaction effect of genotype agrdwing
conditions, it was seen that the highest oil y{@ldf t/ha) was created in the genotype 1 and idi¢he 1, while the
lowest oil yield was observed in the genotypesi3amd 15 (0.9, 0.9 and 0.8 t/ha, respectively) iartthe field 2
(Figure 6). Totally, it can be said that a high yi#ld of canola was produced in the field 1. Tkesults clearly
revealed that the oil yield of canola was signtfity decreased by drought stress, but with differanges among
canola genotypes (Figure 6). Regarding to the atern effect of drought stress and genotype, thkdst oil yield
(2 t/ha) was observed in the genotype 4 growingeamdrmal condition (statistically same with genqaty 1, 8 and
9) while the lowest oil yield (0.4 t/ha) was obseavin the genotype 18 growing in the drought stiaswdition
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(statistically same with genotypes 17 and 11). fifaximum (72%) and minimum (36% and 37%) oil yiedddes
caused by drought stress were occurred in the geadi8, 14 and 1, respectively.
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Figure 6. Oil yield of Canola Brassica napus L.) genotypes in two places and different conditio of soil water content

Path analysis ofcanola yield components showed1ib@0-seed weight had the highest direct effedthencanola
yield under both of normal and drought stress dimB (Figure 7). It was also observed that thedieffect of
1000-seed weight was more under drought stressitmndin other words, the role of 1000-seed weighthe

canola yield was more determinant under drouglsstrFollowed by 1000-seed weight, the silique rempger

plant was the important part of the canola yield #me seed number in silique was the last compoi&ntilarto

1000-seed weight, it was observed that the diréetteof silique number was more important undesugght stress
condition.

1000- seed 0.397
Weleht
0418 0376
0.384 Normal
0.182 condition
Slllque

number 0.664 See d in

\ silique

Drought stress
condition

Figure 7. Path analysis for yield components of Caa (Brassica napus L.) under normal and drought stress conditions

The yield loss of canola in the second field cdugddue to the variation in the growth condition amgans that the
yield of canola is environment dependent. Moreoitevas found that the canola genotypes respongieetdrought
stress was different. This result can help researtthselect the canola variety according to theimmim variation
in its economic yield. Drought stress occurringidgrflowering stage can reduce the canola yieldlzserved in
the present research. Similarly, it has been refditat a drought stress during flowering stagdaaed the canola
yield in 30% [13]. It is believed that floweringasgfe is the more sensitive stage related to drosigbss and the
response of canola to drought stress in this stagkl be dependent on genotype, as observed iexpariment [6-
34-35]. Water limitation causes a reduction in miisitescompounds and then can reduce the yield r&wits are
compatible with some previous results[15-16-24-27-#&nd can be used as breeding tools for sectieridlerant
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cultivars for drought regions. Accordingly, somenggypes such as 1, 4 and 14 could be cultivatethenarid
regions, due to the high yield and also high sitghit their yield under drought stress.

The silique number per plant is a main part of ¢haola yield components and it has been reportaedsiique

number could be reduced by 21% when drought stoesarred at the flowering stage [11-13]. It seeifmat t
reproduction of canola was so sensitive to watertagge because the siligue number was significaetiyiced by
drought stress. This result can be an acceptaés®nefor canola yield loss in the present stud [irhitation in the

translocation of photosynthetic products to infRmence and sink strength reduction by hormonal heperted as
the main reasons for silique number reduction umtteught stress[44].The silique number reductiondbyught

stress have been reported by researchers and sulr aee compatible with previous results [23-4&haugh the

low heritability of silique number has been repdr{d9], our results showed that canola genotypeks difierent

potential in the silique production. These resufisan that the silique production in the canola ¢cg a gene
dependent trait and could be used as a select@ridiocanola breeders. Our results suggest thadtgpe 4 could
be a cultivar with high potential in the siliqueoduction.

The present study showed that the seed numbeeisiliue was dependent on growing conditions. écuaed in

the present research, it has been reported thatofathe photosynthesis product and environmergeiofrs could
limit the seed production in the silique of canf@8]. Many researchers believed that the seed nuintike silique

is the most sensitive yield components of canoleegponse to drought stress [10-22-35]. It has laésmreported
that stress can reduce the pollen number and ijabild decrease pollen germination on pistil areghtreduce the
yield[26-34]. The genotype dependence of seed numnbsilique has been previously reported [1]. Acting to

our results, an extensive genetic diversity amoagota genotype could be considered and this resulthelp

canola breeders to find a high potential cultivar.Example, genotype 6 in this research could lggested as
suitable cultivar having a high seed number irgs#i. Regarding to this object, it has been sugddbtt selection
the cultivars with high seed numbers in silique arith high 1000-seed weight are useful to find ¢hitivars with

high yield [47], because the seed number in siliguene of the main factors affecting the sink sizether word,

the more seed number in silique gives the more stir@ngth.

The 1000-seed weight is depend on assimilatesffiom the leaves and photosynthetic tissues. Acogigj every
interference in this flow can affect the 1000-seexight. It seems that the photosynthetic potertedreased by
drought stress, because the 1000-seed weight wagaded under drought stress condition.The ass@sila
translocation needed hydrostatic pressure origigatiater in the fluem and it seems that the wategtdtion affects
the assimilates translocation in the canola tissiee 1000-seed weight is mainly determined atgiteen filling
stage and is a function of grain filling rate anaration [34].Genetic and environmental factorscoafféct the
1000-seed weight [21-27].It has been noted thatighbstress on the end of the reproductive stagtd areate a
source limitation due to loss of the leaves [2]r @asults are in agreement with previous findint®-87-51]. The
effectiveness of growing condition on the 1000-seetfjht is demonstrating that this trait is lesaaje&dependent,
in comparison with the seed number trait. Accordmthis, is not appropriate for genotype selection

The seed oil content is usually 40%, but it carnvéeed by environmental condition [20]. The oil symthesis is
dependent on photosynthetic products. In generaljght stress decreases the seed oil content wiecand this
process was observed in this study [17-43-45]. Adicg to our results, it can suggest that geno#/peas most
sensitive and genotype 1 and 10 were more stald# aontent production. These results statesdgkabtypes such
as genotypes 1 and 10 can be used in the aridnsegiae to low oil content losses. Similarly, it teen reported
that drought stress reduced the canola seed ditb[v]. The same resultshave been reported larekers [23-
46-51].

The oil yield loss was occurred in two parts: fiistthe seed yield and yield components an sedortthe seed oil
content. However, it can be said that genotypedlehbetter function, in comparison with other ggpes, because
had a high seed yield and also had a low oil Viess. It has been reported that the seed oil cbofecanola was
decreased by drought stress, which resulted ioithgeld loss [13-49]. Drought stress at the floimg stage mainly
caused a yield loss through decrease in siliquebeuinm canola, consequently decrease the seedilayiéld [42].
Our results are in agreement with Shabani, et2811%) who observed a significant decrease in thgieid of
canola under drought stress condition [40].

The canola yield components could be affected remmental factors which change their portion tielg to final

seed yield. Totally, water stress reduces the ydeldponents values in canola [31].The path analisisonstrated
that mechanisms involving in the grain filling (buas remobilization) are so important for droughtssed plants.
In other word, cultivars capabiling in the moreigréilling are suitable for drought stress conditidcSame to our
results, Ozer et al., (1999) showed that 1000-sexght had the highest portion in the yield forroatbf canola, in
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comparison with other yield components [30]. A saemult has been also reported by Clarke and Sim{ik®78)
[10]. In an experiment, the canola genotypes yield been studied and it has been reported thatsd¥iDweight
had the most direct effect on canola yield [36]e Bame results have been also reported [4-39-48pbréling to our
results, it can be said that the role of the 1088dsweight and silique number for final yield fotioa is more
important under drought stress. It means thatusligroduction and preservation under drought sisegssuseful
trait and could be used as a selection standarddnola. Same to this result, showed that siliqumber was
sensitive to drought stress [13]. So, a genotyga high silique could be used for drought conditiirwas also
found that seed number per silique had low direlet in yield formation of canola0.

CONCLUSION

According to our results, it can be concluded tteola genotype had different responses to drostgbss and
growing conditions and the genotype functionwasallgicomplicated by environmental factors. It wasoafound
that canola yield and canola seed oil content wkereased by drought stress. Among the canola ymemt
genotypes 1, 4 and 14 were found better than gthreresponse to drought stress. By path analisigs revealed
that 1000-seed weight had the highest direct effacthe yield formation in the canola while thedse®mber per
silique showed the lowest direct effect.
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