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ABSTRACT

The current study reports changes in glucosinolate content in rapeseed mustard at different floral developmental
stages. Variation in glucosinolate content seemsto be primarily under control of reproductive developmental stages,
which contribute to 47.18- 69.98% of total variance. Sgnificant differences were found in glucosinolate content
among 10 different genotypes of rapeseed mustard. Glucosinolate content was higher in protected than unprotected
environment. Although significant stage x environment and stage x genotype effect was observed, these effects were
small as compared influence due developmental stage and genotypes. Total glucosinolate content increases from
flower initiation stage (F1S) to full bloom stage (FBS) while at pod maturity stage (PMS), it tends to decrease.

Key Words: Brassica; Genotypes; glucosinolate; reproductive developniestiges; FBS-flower bloom stage;
FIS —Flower initiation stage; PMS-pod maturatioagst, rapeseed-mustard

INTRODUCTION

India is the second largest rapseed growing counttie world. Rapeseed -mustard are the third nmogbrtant
source of edible oil in the world after soyabean @md palm oil.Brassica oil especially that of oilseed rape
(Brassica napus) is nutritionally superior to most of the otheritdd oils due to the lowest amounts of harmful
saturated fatty acids (SFAs) and a good propomibmono and poly-unsaturated fatty acids (FAs) endlso a
source of the two essential FAs, linoleic and kmit¢, that are not present in some of the othdilediils[1]. The
meal is a rich source of good quality proteins. Tingctional and nutritional values of different etgble oils are
dependent on the nature of the different fatty sicihich are incorporated into the oil (triacylgdyols). High
erucic acid in the oil may increase health riskiseAoil extraction, the remaining meal containfedent nutritional
and anti-nutritional compounds (e.g. glucosinolasgsapine and fiber). Among these, glucosingldtave a wide
range of biological functions including anticarayemic properties in humans, anti-nutritional effect seed meal in
animals, insect pest repellent and fungal diseagpression [1-5] . Glucosinolates play importanerm the
nutritional qualities ofBrassica products which are consumed as oil, meal and astablgs[6-8]. On the other
hand, glucosinolates are important for the resigtasf the plant to pest insects. Upon insect fegdinmechanical
disruption, glucosinolates are hydrolyzed by mymase to form a range of toxic products- isothioeyes, nitriles,
thiocyanates, and epithio-nitriles and other praslyi8] which are deterrent to generalist inse@$,I1]. Due to
manifold toxic effects of glucosinolate degradatpoduct, these compounds have attracted intarestganic pest
control. During the recent past, breeding objestihave been focused on the production of “double’ Iape
varieties. The introduction of the low glucosinelaienotypes of oilseed rape was accompanied byeommabout
how this would affect the pest and disease stafuth® crops [12]. The differences in compositioof
glucosinolate compounds are possibly of criticgbamtance when assessing plant susceptibility infestation
[13] . Variation in the amount and pattern of glsicmlates in Brassica plants has been attributegetwtic and
environmental factors, including plant age, tempee water stress, and soil type [14]. They atmébin all plant
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parts, but their quantities may vary consideralohpag organs [15]. The content of seed glucosindtat®ntrolled
by multiple genes and is complexly regulated indek[16].

Not much information is available on glucosinolptefile of in different genotypes of Indian rapederustard and
its consequence on upon insect herbivore. A listlenown about their locations within individuabless, stems, or
other organs and the way these influence pattdrherbivory [17]. With the concern that aphids stigion occur
during flowering and pod maturation period, we m@ijp¢ed to explore changes in total glucosinolateer@nduring

reproductive developmental stages (flowering and pwturation stages) in rapeseed mustard. Alsoctinesnt

research was designed to determine the cteffeof genotypes and environmental conditigmstécted and
unprotected) on total glucosinolate content in Repd-Mustard.

MATERIALS AND METHODS

A field experiment was conducted during winter seasof 2004-05. 2005-06 and 2006-07 during at the
experimental farm of Directorate of Rapeseed-MuasResearch Bharatpur, Rajasthan aimed at evatuatieffect
of genotypes, reproductive developmental stagesearironments on glucosinolates content in rapesesustard.
Five varieties ofBrassica juncea (Raya)-RK-9501, RH- 7846, Purple Mutant, RH- 95af&d JMM-927; two of
Brassica napus (Gobhi sarson)-NUDB-09, and Teri (OE)R-9903; offieBmassica compestris (Toria)-BSH-1; one
each ofBrassica carinata (Ethiopian mustard)- DLSC-2 arifuca sativa (Taramira)-T-27, were taken in the study.
The experiment was laid out in randomized blockgleéRBD) with three replications.. The treatmecdsisisted of
observations on glucosinolate contents on 10 gpestgrown under two environmental conditions (Rrtetd and
unprotected). The conditions referred here as preteenvironment (PR) is that, that was kept ptetkby spray of
recommended pesticide (Metasystox 0.025%) at weiekdyvals, and the one that referred as unprade@R),
where no pesticides have been used. There weralaofo60 plots, each plot area- 4 X 3 m, and e to row
distance was 30 cm, and plant to plant distance Itagm. Plant samples were taken for analysisot#l t
glucosinolate content at three different stagegplaht growth from protected and unprotected envitent. The
three different stages of plant growth: flower iatibn stage (FIS), flower bloom stage (FBS) and puaturation
stage (PMS). Plant samples collected from top 1Qcentral shoot/twig. The tender portion is areacltis more
prone to aphid infestation. A standardized grovitlys scale developed by BASF (Bayer, Ciba-Geigytimekchst)
called the BBCH decimal system [18,19] was adoptecbllect data on growth stages, FIS on the BRIekimal
system scale is stage 3; FBS is stage 4, and BMEpe 5 .

Plant material was oven dried in oven at 80 °Crvent enzymatic degradation by myrosinase, andogemized

in an analytical grinder. The finely grounded mialef0.1 g) plant material was extracted three §imeach
extraction cycle of 15 minutes with 45 ml deionizedter at 50 °C. Glucosinolate content was estdhditom
samples from two environments, protected (PR) angratected (UPR) environment. In each environment
Glucosinolate was estimated in the samples by cexnfgrmation between Glucosinolate and tetrachlallagate
using Microscan MS % 05 ELISA Reader [20].

Analysis of variance analysis (ANOVA) was performeding SAS 9.3 software. Genotypes, reproductive
developmental stages, environmental conditionsepted (PR) and unprotected (UPR) were taken into
consideration as variables to compare the variattonong genotypes, plant developmental stages, and
environmental effects. Significant differences evevaluated at P<0.05 error level. Data were ptedems mean
values, and the the means were compared using Dsntailtiple range test (DMRT). Means with the sdetter

are not significantly different at P<0.05.

RESULTS AND DISCUSSION

Damage due to insect pests at flowering and podinaiadn stages may severely affect crop yield.hie present
study, quantitative variation in glucosinolate @nitat three different stages of reproductive ghovisud stage
(flower initiation stage, FIS), flower stage (fllloom stage, FBS) and ripening stage (pod maturatiage, PMS)
was studied. All the plant samples used in theystuere collected from top 10 cm central shoot/twipich is the
area more prone to most aphid infestation. Theltresianalysis of variance (ANOVA) given in Tableshowed
that genotypic differences, environments (proteeted unprotected), reproductive developmental staged their
interaction components were highly significantdtwcosinolate under the study.

Significant differences between environmental (pctéd and unprotected) means indicated that theisted
difference between the environments in which gemesywere tested (Table 2). The significant intéoact
components showed that growing conditions impaetstability of individual genotype for glucosin@atontent.
The mean performance of all genotypes (averaged sigges) in each condition (protected and unptedgavill
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give an estimate that which condition results ighleist glucosinolate. In our present studies, thatepted
environment showed the highest glucosinolate cantanging 92.8692.34 and 93.08 umoles/g plant dry weight,
in year 2004-05,2005-06, and 2006-07 respectivétan the unprotected conditions, which showed tveet
mean glucosinolate content ranging from 88.67, 881 89.99 pumoles/g plant dry weight , in year4208, 2005-
06 and 2006-07 respectively (Table 2).

Genotypes, and stages and interaction variaogganents as a percentage of the total variance esimated
and presented in Table 3.The genetic and stage awengs for total glucosinolate content were 27.25d 69.98
percent respectively in"lyear trial (2004-05); 41.16 and 47.18 I gear trial (2005-06) ; and 35.037and 59.690
in 3% year trial (2006-07). Our data indicates that ifigant variation in glucosinolate content, whichprimarily
under control of reproductive developmental stagessted among 10 rapeseed mustard cultivars: stages
contributing to most of percent variance compor(@it18-69.98) followed by genotypes (27.25-41.¥)hough
available reports on glucosinolate content in rapdsmustard suggest that the environment playsjarmole in
determining glucosinolate content. However, analgdidata in our study based on two environmeti®ét years
trials) indicated that environmental effects arek&y in the regulation of glucosinolate contentapeseed mustard,
and most of the observed variation was describedepyoductive developmental stages and genotypabléT
3).There are reports of influence of environmentgbmcosinolate content [21]. Healthy growth of glamder
protected environment may be responsible for high#érosinolate content. The studies of Spall. [22] reported
that infested plants have decreased glucosinotattent than healthy uninfested plants.

Comparison 10 different cultivars of rapeseed —ardsdiffering (averaged over two conditions-proéelciand
unprotected) is given in Table 4 showed significarfluence due to genotypes on glucosinolate cant€he
genotypesB. compestris cv. BSH-1 andB. napus cv. TERI (OE)R 9903 had lowest level of total glamolate
ranging from 69.31-71.93 and 77.26-89.49 umolesdgtpdry weight respectively ; while iB. juncea cv. RK-

9501 ,B. juncea RH- 7846 B. juncea RH-9501, Purple Mutant and JMM-927 had moderatid glucosinolate
level varying from 85.01to 91.67 umoles/g plant dmeight; whereas the genotyp@scarinata cv. DLSC-2 ,E.

sativa cv. T-27 had the highest level of total glucosate) 106.05-109.52 and 110.55 to 133.47 umolesigt jplry
weight in three years trials ( 2004-05-2006-07 pr&irecent work has shown that the glucosinolatdesd of
horticultural Brassica such as broccolBrassica oleracea [23], and turnip green$rassica rapa subsp. rapa [24]

are under genetic control, although strongly infaeshby environmental factors.

The significant interaction component (genotype Bnglironment interaction) showed that the individgenotype
behaved differentially in the different environmenfTable 5). In general, all genotypes have shovghen
glucosinolate content in protected environment thawprotected environment. Drought conditions induce
glucosinolate accumulation in cultivatBdassica [25].

In our studies, reproductive developmental stadel$,(FBS and PMS) had significant influence on ltota
glucosinolate content of rapeseed (Table 6). Thex® been increase in total glucosinolate contenh filower
initiation stage (FIS) to full bloom stage (FBS).hil¢ growing towards full maturity (PMS stage) ghsmolate
content tend to decrease to certain extent (Tabl&lBough, there exists significant interactidos glucosinolate
content (stage x environment, and stage x genoty{@gble 7 and Table 8).

Higher glucosinolate content in seeds is consideed risk factor for health. Therefore, theredechto develop
cultivars where higher glucosinolate content remeastricted to the part of plants other than seéddse
concentration glucosinolate varies widely amondedént developmental stages of the plant, and alsong
different organs [26] . Glucosinolate accumulatémd myrosinase activity differ by plant age asdue type and
respond to environmental stimuli such as plantimpsity and herbivory [27]. The pattern of changethus
glucosinolate content iBrassica spp. along the growth cycle has been describedablyer investigators suggest
that higher glucosinolate content was presentpnoductive organs compared to the other vegetatives [28]. The
seed is the ultimate sink for glucosinolate, arelttghest concentration of glucosinolate is foumdeéeds. There is
a little de novo biosynthesis of glucosinolate @eds, majority of glucosinolate is de novo biosgsihed in the
silique wall and subsequently transferred to tlezlsg29].
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Table 1. Analysis of variance (ANOVA) of glucosiniate content from Rapeseed Mustard genotypes growat three developmental stages

under two environmental conditions

Sources Degrees of Sum of Sum of Sum of
Freedom squares squares squares
2004-05 2005-06 2006-07
Replications 2 3.42 38.81 15.38
Genotypes 9 20564.00** 52923.26** 33604.50**
Reproductive developmental Stages 2 52818.94** 60657.00** 57248.82**
Stages*Genotypes 18 624.04** 13054.67** 3437.20**
Environmental Conditions 1 790.15** 404.76** 430.41**
Genotypes X Environmental Conditions 9 172.94* 191.81* 152.30*
Reproductive developmental Stages X Environmeraditions 2 156.40** 145.08** 26.36
Reproductive developmental Stages Stages X Geroiype 18 188.63** 329.86** 167.88
Environmental conditions
Error 118 152.42 832.62 827.56
Corrected Total 179 75470.93 128577.88 95910.40

* Jgnificant at P<0.05, ** Sgnificant at P< 0.01

Table 2. Comparison of Glucosinolate content in tv environments (Protected and Unprotected environmes) in genotypes of Rapeseed

—Mustard
Year 2004-05 Year 2005-06 Year 2006-07
Mean* Mean* Mean*
Sl. No. Genotypes Glucosinolate Glucosinolate Glucosinolate
Content (umoles/d Content (umoles/q Content (umoles/d
plant dry weight) | plant dry weight) | plant dry weight)
1 Protected Environment 9286 92.34 93.08
2 Unprotected Environmenit 8867 89.34 89.9¢
CD Values at 5% 0.335 0.78 0.78

*Means within a column with the same letters are not significantly different at P < 0.05.

Table 3. Genotypes, and stages and interactieariance components as a percentage of the totalrience

Components df| 2004-0p 2005-06 2006407

Replications 2 0.005 0.030 0.016
Genotypes 9 27.25 41.16 35.04
Reproductive developmental Stages 2 69.98 4718 6959
Reproductive developmental Stages X Genotypes 18 8270.| 10.153 3.584
Environmental conditions 1 1.047 0.315 0.449
Genotypes X Environmental conditions D 0.229 0.149 0.159
Reproductive developmental Stages X Environmemtadlitions| 2 0.207 0.113 0.027
eroductue eveonmentl Siges X Genovpes | 3 | ozso | ozst | oars
Error 118 0.202 0.648 0.863
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Table 4. Comparison 10 different cultivars of rapesed —mustard differing in Glucosinolate content

Year 2004-05 Year 2005-06 Year 2006-07
Brassica Mean* Mean* Mean*
SI No. species Genotypes Glucosinolate Glucosinolate Glucosinolate
p Content (umoles/¢ Content (umoles/d Content (Lmoles/
plant dry weight) | plant dry weight) | plant dry weight)
1 B. juncea RK-9501 90.548 86.59 89.31
2 B. juncea RH- 7846 89.89 86.27 88.84
3 B. juncea Purple Mutant 91.67 85.01 89.62
4 B. juncea RH- 9501 89.53 89.34 89.95
5 B. juncea IMM-927 90.9% 86.41 89.53
6 B.carinata | DLSC-2 106.08 109.52 107.6%
7 B. napus NUDB-09 88.18 85.25 89.49
8 B. napus Teri (OE)R-9903 78.41 77.26 89.49
9 B. compestris | BSH-1 71.93 69.31 71.2%
10 E. sativa T-27 110.5% 133.47 122.57
CD Values
at 5% 0.750 1.75 1.75

*Means within a column with the same letters are not significantly different at P < 0.05.

Table 5. Effect of Environments on Genotypes (Getype and Environment Interaction) glucosinolate cotent

Year Year Year
2004-05 2005-06 2006-07
Brassica ’ " Mean** Mean** Mean**
species Genotypes Environment Glucosinolate Gucosinolate Gucosinolate
Content (umoles/¢ Content (umoles/¢ Content (Lmoles/
plant dry weight) | plant dry weight) | plant dry weight)
1 92.33 87.92% 90.7¢°
B. juncea RK-9501
2 88.74 85.27 87.95"
1 92.44 86.69° 89.77°"
B. juncea RH- 7846
2 87.34 85.85 87.91"
Purple Mutant 1 94.78 87.43% 92.68
B. juncea
2 89.06 82.59" 86.57
1 92.27 89.78 91.05°
B. juncea RH- 9501
2 86.80 88.97" 88.86™"
1 93.8%¢ 87.86% 91.91¢
B. juncea JMM-927
2 88.0%" 84.9% 87.16"
1 107.58 111.23 110.7%
B. carinata DLSC-2
2 104.57 107.82 104.47
NUDB-09 1 91.94 89.12" 90.14°
B. napus ‘ _
2 84.35% 81.39' 88.84""
B. napus Teri (OE)R-9903 1 80.05 79.30 78.52
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2 76.71 75.22 75.86
1 73.2% 70.3(f 71.61
B. compestris | BSH-1 :
2 70.60" 68.3% 70.81
1 110.66 133.88 123.67
E. sativa T-27
2 110.43 133.09 121.46
CD Values at 59 1.060 2.48 2.47

*=Environment-1 Protected Environment; 2 Unprotected Environment
**Means within a column with the same letters are not significantly different at P < 0.05.

Table 6. Effect of different reproductive developmatal stages on glucosinolate content in Rapeseed uMard

Year-2004-05 Year-2004-05 Year-2004-05
SL.No Staged Mean* LS Mean* LS Mean*
T 9%y  Glucosinolate Glucosinolate Glucosinolate
Content (umoles/d Content (umoles/d Content (umoles/d
plant dry weight) | plant dry weight) | plant dry weight)
L FIs 69.9% 70.93 70.46
2 FBS 111.88 115.22 114.07
3 PMS 90.48 86.3¢ 90.07
CD Values at 5% 0.411 0.96 0.96

FIS=Flower Initiation Sage; FBS=Full Bloom Stage; and PMS= Pod Maturation Stage
*Means within a column with the same letters are not significantly different at P < 0.05.

Table 7. Effect of environment on glucosinolate ctent at three different stages of Growth in Rapessd-Mustard

Year Year
Year 2004-05 2005-06 2006-07
Sl. No. Stagesq Environment** Mean*** Mean*** Mean***
Glucosinolate Glucosinolate Glucosinolate
Content (umoles/g Content (umoles/d Content (umoles/d
plant dry weight) | plant dry weight) | plant dry weight)
1 FIS PR 72.43 71.16 71.63
2 FIS UPR 67.42 70.69 69.29
3 FBS PR 112.69 117.4% 115.47
4 FBS UPR 111.08 112.99 112.6%
5 PMS PR 93.45 88.4F 92.14
6 PMS UPR 87.51 84.34 88.00
CD Values at 5% 0.581 1.36 1.35

*Jages: FIS=Flower Initiation Sage; FBS=Full Bloom Stage; and PMS= Pod Maturation Sage
** Environment : PR=Protected Environment; and UPR=Unprotected Environment
*** Means within a column with the same letters are not significantly different at P < 0.05.
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Table 8. Effect of Different Stages and Genotypg&enotype and Stage Interaction)

Year Year Year
Brassica %‘;—e’? 2005-06 . %ﬁﬂz
Sl. No species Genotypes Stageg* Glucosinolate Mean** Glucosinolatg Glucosinolate
content (umoles/ content (pmqles/ 9 | content (umoles/
plant dry weight) plant dry weight) plant dry weight)
1 | B.juncea RK-9501 FIS 70.8% 73.27™ 72.0%
2 | B.juncea RH- 7846 FIS 70.44 71.92 71.44
3 Brassica juncea | Purple Mutant FIS 71.68 76.01™ 74.10¢
4 | B.juncea RH- 9501 FIS 70.54 72.06™ 71.30
5 | B.juncea JMM-927 FIS 69.96 72.51™ 71.30
6 | B.carinata DLSC-2 FIS 86.17 88.19 88.0%"
7 | B.napus NUDB-09 FIS 63.32 63.78 62.99m
8 | B.napus Teri (OE)R-9903| FIS 56.44 54,12 54.28
9 | B.compestris | BSH-1 FIS 48.59 44.95% 47.02
10 | E. sativa T-27 FIS 91.3b 92.42 92.12
11 | B.juncea RK-9501 FBS 110.38 108.60 110.27
12 | B.juncea RH- 7846 FBS 109.22 107.84 109.28
13 | Brassicajuncea | Purple Mutant FBS 111.62 106.76 110.09
14 | B.juncea RH- 9501 FBS 108.70 114.14 111.99
15 | B.juncea JMM-927 FBS 111.65 106.27 109.56
16 | B.carinata DLSC-2 FBS 127.16 142.2F 129.92
17 | B.napus NUDB-09 FBS 115.08 124.11% 123.37
18 | B.napus Teri (OE)R-9903| FBS 101.42 101.31 101.58
19 | B.compestris | BSH-1 FBS 92.31 86.57 89.819
20 | E.sativa T-27 FBS 131.90 154.37 144.88
21 | B.juncea RK-9501 PMS 90.44 77.9 85.61"
22 | B.juncea RH- 7846 PMS 90.01 79.04* 85.83"
23 | Brassicajuncea | Purple Mutant PMS 92.31 72.26" 84.69'
24 | B.juncea RH- 9501 PMS 89.36 81.81 86.58"
25 | B.juncea IMM-927 PMS 91.14 80.39 87.73"
26 | B.carinata DLSC-2 PMS 104.82 98.09 104.9%
27 | B.napus NUDB-09 PMS 86.05 67.88 82.10
28 | B.napus Teri (OE)R-9903| PMS 77.38 76.3% 75.7%
29 | B.compestris | BSH-1 PMS 74.89 76.4% 76.80
30 |E. stiva T-27 PMS 108.4% 153.62 130.7¢
CD Values at 59 1.299 3.04 3.03

*Jages: FIS=Flower Initiation Sage; FBS=Full Bloom Stage; and PMS= Pod Maturation Sage
**Means within a column with the same letters are not significantly different at P < 0.05.
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CONCLUSION

Based on results of the studies on the total ginotate content of 10 Rapeseed-Mustard in a thesesytrial under
two environments at fferent stages (FIS, FBS and PMS) during its lifdegyit was concluded that variation in
glucosinolate content is primarily under controlreproductive developmental stages. The highestoglnolate
content was found at the pod maturation stage (PM®&gan glucosinolate content was slightly lowersamples
collected at flower initiation stage (FIS) and flewbloom stage (FBS) compared to the pod maturagtage
(PMS).
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