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ABSTRACT

Changesintotal chlorophyll, total soluble sugar, reducing sugar and non reducing sugar were observed infive
different cultivarsof mustard in responseto powdery mildew viz, Skm-9801, skm-9804, GM-1, Varunaand Skm-
9818 at different stages of disease infection. In fungicide treated plant ie. Control plants significantly higher
valuefor total soluble sugar, chlorophyll and reducing sugar where asreverse trend obsereved in non reducing
sugar contentin all cultivars. Among the different cultivars no similar trend was observed in diseased infectional

stages.

INTRODUCTION

Mustard, Brassica Juncea (Czern. and Coss.) is
themost popular oneamong different species of rape-
seed and mustard being growninwinter in Indiasince
2000 BC. Thesedays mustard seed ismainly used to
extract edible oil. The seed also serve asan important
raw materia for theagro based industriesand a so used
as condimentsand medicines®®. Theresidud cakeis
valuable by products used asafeed for animals and
rich source of organic manure. Thecropisaffected by
severa diseaseswhich cause enormouslossesinyield.
Amongthesaverd diseases, dternariablight whiterus,
downy mildew, powdery mildew and phyllody consid-
ered asmajor diseases, onthebasisof their widedis-
tribution andyield | osses. Powdery mildew caused by
Erysiphe polygoni. DC. isone of themajor diseases
among theleaf diseases. Powdery mildew of mustard
(Erysiphe polygoni. DC) isan obligate parasite and
may persist onthehost plant of Brassica spp. and other
weeds may carry thefungal mycelium during off sea-
son. Carbohydrates content significantly contributed to
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diseaseres stance and could bethemost important fac-
tor to be considered for improving disease resistance.
Thisinvestigation madeto study effect of hexaconezole
on leaf metabolitesviz chlorophyll and carbohydrates
at various stages of disease devel opment.

MATERIALAND METHODS

Leavesof diseased scored cultivarsviz two medium
susceptible (3 & 3.5, SKM-9801, Skm- 9804) onesus-
ceptible(4.5: GM-1) andtwo highly susceptible(5:Varuna
and Skm-9818) were harvested at 75 DAS, whenthere
werenovisua symptomsof diseaseinfection andleaves
weregreen and hedthy (S)). Subsequently leaveswere
harvested at 85 DAS, when the disease covered with
60-70% powdery mass (infection process S,) and also
at 100 days when plants were in advanced stages of
powdery mildew infection (S,). For estimatingtotal chlo-
rophyll, tota sugar and reducing sugar.

Chlorophyll estimation wascarried by the method
of Arnont, 100mg fresh leaveswere cut in to small
pi eces and homogenized with chilled acetone: water



NPAIJ, 6(2) June 2010

P.J.Rathod and P.M.Chatrabhuiji

103

TABLE 1: Changesintotal chlorophyll content (mg.g.fr.wt)
inleavesof mustard cultivar sat different stagesof infection
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TABLE 2: Changesintotal solublesugar content (mg.g.fr.wt)
inleavesof mustard cultivarsat different sagesof infection

(SPre (S) S; Post

(Sy) Pre (S2) S; Post

Cultivar Treatment infectional infectional infectional (Vi?’r; Cultivar Treatment infectional infectional infectional X/i?l'r;
stage stage stage stage stage stage
v Diseased 0.927 0.860 0.603 0.802 v Diseased 10.26 8.68 8.417 9.119
1 1
(SKM- Control 1.325 0.870 1.848 1.348 (SKM- Control 10.42 17.038 18.14 15.199
9804) 9804)
(Mean) 1.126 0.873 1.226 (Mean) 10.34 12.859 13.279
v Diseased 1.271 0.583 1.051 0.968 v Diseased 9.785 8.02 8.68 8.82
2 2
(SKM- Control 1.325 0.833 1.465 1.208 (SKM- Control 10.68 15.615 17.295 14.533
9801) 9801)
(Mean) 1.298 0.708 1.258 (Mean) 10.236 11.818 12.988
Diseased 1.279 0.583 1.465 1.109 Diseased 8.713 8.008 8.73 8.303
V3 V3
(VARUNA) Control 1.289 0.887 1.845 1.34 (VARUNA) Control 9.28 14.92 19.03 14.41
(Mean) 1.284 0.735 1.655 (Mean) 8.726 11.416 13.88
v Diseased 1.284 0.762 1.096 1.047 v Diseased 7.29 7.943 9.05 8.049
4 4
(SKM- Control 1.289 1.104 1.378 1.257 (SKM- Control 9.29 16.83 18.95 15.023
9818) 9818)
(Mean) 1.287 0.933 1.237 (Mean) 8.29 12.386 14.00
Diseased 0.833 0.843 0.63 0.769 Diseased 7.22 9.138 9.23 8.529
V5 V5
(GM-1) Control 1.296 1.166 1.244 1.235 (GM-1) Control 9.48 16.74 19.14 15.12
(Mean) 1.065 1.005 0.937 (Mean) 8.35 12.939 14.185
Mean (VxS) 1.212 0.851 1.263 Mean (VxS) 9.189 12.29 13.666
SEm  CDa5% SEm CDo/oaw SEm  CDa5% SEm CDO/aIS
(]
S 0.015 0.03 TXV 0.024 0.075 S 0.0587 0.128 TxV 0.083 0.104
\Y 0.014 0.04 VXS 0.025 0.079 \Y 0.045 0.165 VXS 0.101 0.286
T 0.09 0.02 VXTXS 0.036 0.105 T 0.037 0.104 VXTXS 0.143 0.404

(80:20V/V) usingamorta and pestle. Theextract was
filtered through whatman No. 1 filter paper, filtratewas
collected and volume made upto 10ml with 80%Ac-
etone. Absorbancewas measured at 645 and 663nm
for determination of chlorophyll. Thetota chlorophyll
wascalculated as.

20.2A o + 8.02A o,

Total chlodrophyl = xV
ax1000x W
Where,
a =Lengthof light pathinthecdl (usualy 1cm)
\% =Vol. of theextractinml
W = Freshweight of thesampleingram
A . =Optical density measured at 645 nm
A, =Optical density measured at 663 nm

Tota solublesugar content was estimated by fol-
lowing themethod of Duboiset d. with somemodifi-
cations. And from the same extract was used for the
analyssof thereducing sugar content. It wasestimated
by the method of Nelson (1994).

Total chlorophyll content

At preinfectiond stage(S,), thetota chlorophyllin

leaf from control plant Significantly varied from cultivar
to cultivar andit wasranged from 1.289t0 1.325mg.g
Lfrwt (TABLE4). Similarly the chlorophyll contentin
leavesof diseased plantsvaried from 0.833-1.284 (mg.
gt frwt). Overal it was seen that |eavesfrom treated
plantshad s gnificantly higher chlorophyll content (26.52
%) as compared with the diseased plants at pre
infectional stagei.e..S, (Figure 1).

Tota chlorophyll content inleavesof treated plants
(control) at infectional stage(S,) varied from 0.833to
1.166mg.g™.frwt. Thetota chlorophyll content wassig-
nificantly decreased from S, to S, stageand percent re-
ductionwasvaried from-7.26t0-37.1%. Incase of dis-
eased |eavesobtained from naturdly infected plants(S),
resulted significantly lessamount of total chlorophyll as
compared to the value recorded at the preinfectional
stage(S)). Exceptincultivar V, whereit increased.

At post infectional stage (S,), the treated plants
showed significantly higher total chlorophyll content as
compared with the pre infectional stage (S)) and
infectiona stage (S,). Cultivar, V. (1.848mg.g™. fr.wt)
had significantly higher value than the cultivar V,
(1.465mg.g*.frwt), whilecultivarV,, V,, andV, were
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Figurel: Changesin mean valueof (TxS) total chlorophyll
content (mg.g*.fr.wt) in leavesof mustard cultivarsat differ-
ent stagesof infection. (S.Em, 0.01 and CD at 5%, 0.04)
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Figure3: Changesin mean value of (TxS) reducing sugars
content (mg.g™.fr.wt) in leavesof mustard cultivarsat differ-
ent stagesof infection. (S.Em, 0.015and CD at 5%, 0.043)

at par. Diseased leaves had little higher value than the
valuerecorded at infectional stage (S,) except for the
cultivar V, and V. Theseresultsarein agreement with
Guleri et al.® who reported that chlorophyll content
decreased at post infectional stagein powdery mildew
infected leaves of peacompared to healthy leaves.

Thereductionin the chlorophyll content may be
duetoinhibition of its production by fungus® or may
be dueto enhanced activity of chlorophyllasg39.

Atthepreinfectional stage(S)), thetotal soluble
sugars content in leaf from control plant significantly
varied from cultivar to cultivar and cultivar V _had sig-
nificantly higher vaue(10.68mg.g.frwt) and minimum
wasrecordedwithV,, (9.25mg.g™.frwt). Similarly the
sugarscontent inleaves of diseased plantswerevaried
from 7.22-10.26mg.g.fr.wt. Overal it was seen that
leaves obtained from control plantshad significantly
higher level of sugars (13 %) as compared with the
diseased plantsat preinfectiona stage(S)).

Tota soluble sugar content inleavesfrom control
plants at infectiona stage (S,) varied from 14.92 to
17.04mg.g™.frwt. Thesugar vduewassgnificantly in-
creased from S, to S, stage and the per cent increase
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Figure2: Changesin total solublesugar content (mg.g™.fr.wt)
inleavesof mustard cultivar sat different stagesof infection.
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Figure 4 : Changesin non reducing sugar content (mg.g
Lfr.wt) in leaves of mustard cultivarsat different stages of
infection. (S.Em, 0.014 and CD at 5%, 0.042)

was varied between 45.8-81.26%. Incase of diseased
|eaves obtained from naturally infected plants(S,), re-
sulted significantly lessamount of total solublesugars
(7.94-9.14mg.g*.fr.wt) ascompared to thevaluere-
corded at the preinfectiona stage(S,) except cultivars
V,andV whereitincreased by 8.9% and 26.9% re-
Spectively.

At post infectional stage (S,), the treated plant
showed significantly higher total solublesugar ascom-
pared withthepreinfectiond stage(S)) andinfectiona
stage(S) cultivar V. (18.14mg.g™ frwt) hed significantly
higher valuethan the cultivar V, (17.29mg.g™.fr.wt),
whilecultivar V,V,, and V_were a par. Diseased
leaveshad littlehigher valuethan thevauerecorded at
infectiona stage(S,) except for thecultivar V. Singh et
al 11314 reved ed that the Brassica cultivar showing dif-
ferential reaction to downey mildew (Pernospora
paragtica) incaseof sugar content of both resstant and
susceptible cultivars. Their findingsindicated higher
amount of tota and reducing sugarsinresistant cultivars
than the susceptible cultivarsat al thegrowth stages.

Theseresultsarein agreement with theresult ob-
tained by Guptaet a.'®. They reported that sugar con-
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TABLE 3: Changesinreducing sugar content (mg.g™.fr.wt)
inleavesof mustard cultivar sat different stagesof infection
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TABLE 4: Changesin nonreducingsugar content (mg.g™.fr.wt)
inleavesof mugtard cultivar sat different sagesof infection

(Sy) Pre () S; Post

(Sy) Pre (S2) S; Post

Cultivar Treatment infectional infectional infectional M ean Cultivar Treatment infectional infectional infectional ean
(VXT) (VXT)
stage stage stage stage stage stage
Vv Diseased 4.323 7.671 8.16 6.718 Vv Diseased 0.594 1.053 0.31 2434
1 1
(SKM- Control 6.272 9.06 10.048 8.416 (SKM- Control 415 7.98 7.838 6.656
9804) 9804)
(Mean) 5.297 8.365 9.104 (Mean) 5.045 4516 4.047 4,545
Vv Diseased 5.117 5.90 8.01 6.342 Vv Diseased 4.67 2.06 0.67 2.467
2 2
(SKM- Control 7.377 8.85 9.928 8.718 (SKM- Control 3.39 6.77 7.35 5.837
9801) 9801)
(Mean) 6.247 7.375 8.699 (Mean) 4.03 4.415 4.01 4.152
Diseased 3.655 5.745 8.29 5.897 Diseased 452 2.113 0.555 2.396
V3 V3
(VARUNA) Control 4.292 5.89 10.085 6.756 (VARUNA) Control 4,98 8.83 8.938 7.583
(Mean) 3.973 5.818 9.188 (Mean) 4,75 5.471 4.746 4.989
Vv Diseased 3.63 5.752 8.29 5.897 v Diseased 3.55 2.22 0.76 2177
4 4
(SKM- Control 4.286 5.885 10.253 6.756 (SKM- Control 5.003 10.94 8.45 8.131
9818) 9818)
(Mean) 3.959 5.819 9.406 (Mean) 4.276 6.58 4.605 5.154
Diseased 2.924 6.859 8.56 6.117 Diseased 4.29 2.3 0.68 2423
V5 V5
(GM-1) Control 3.229 6.965 9.763 6.653 (GM-1) Control 6.25 9.76 9.38 8.463
(Mean) 3.076 6.914 9.166 (Mean) 5.27 6.03 5.03
Mean (VxS) 45 6.858 9.167 Mean (VXS) 4.674 5.403 4.493
SEm  CDa5% sem B SEm  CDa5% sem B
S 0.019 0.0306 TxV 0.019 0.025 S 0.010 0.029 TxV 0.019 0.024
0.014 0.0396 VxS 0.034 0.097 \% 0.134 0.038 VxS 0.020 0.065
T 0.008 0.025 VXTXS 0.034 0.097 T 0.008 0.024 VXTXS 0.033 0.093

tent was higher, when mustard leavesinfected with Al-
ternarialeaf blight, infirst and second stage of disease
development. Whereasresistant plants showed little
higher sugar content than the susceptiblevarieties. Simi-
lar results al so wererecorded in cotton infected with
grey mildewt?.

Thehigher leve of total solublesugarsinfungicide
treated plants may be due to mechanism to compen-
satefor increase need of the normal plant growth. In
diseased plantsthetota soluble sugarsareused by both
theplantsand thefungus and thelevel of tota soluble
sugarspossi bly low ininfected plants.

Reducingsugars

Reducing sugar content inleavesof fungicidetreated
plantsi. e. control and naturaly infected plantsof five
Brassicacultivarsat different stages of diseasedeve -
opment are presented in TABLE 3and figure 3.

At preinfectional stage (S,), the reducing sugar
content inleaf obtained from control plant significantly
varied fromcultivar to cultivar. Significantly higher re-
ducing sugar content wasrecorded withthecultivar V.,
(7.38mg.g™.frwt) whileminimumwiththecultivarV

(3.23mg.g™.frwt). Similarly thereducing sugar content
in leaves of diseased plants varied between 2.93-
5.12mg.g* fr.wt. Overal it was seen that |eavesfrom
control plantshad significantly higher level of reducing
sugar (22.76%) as compared with the diseased plant
at preinfectional stage(S).

Reducing sugarscontent in leaves of treated plants
a infectiona stage(S,) varied from 5.89t09.06mg.g*
frwt. The content significantly increased from S; to S,
stage and percent change was varied from 19.45-
116.37%. Incaseof diseased |eaves obtained from natu-
rdly infected plants (S,), resulted significantly higher
amount of reducing sugar (5.72-7.65mg.g* fr.wt) as
compared to the value recorded at the pre infectional
stage(S)). Thusat infectiona stage (S,), therewasin-
creased inreducing sugar content intheleavesof dl the
cultivar obta ned from diseased plantsascompared with
thepreinfectional stage(S).

At post infectiond stage (S,), the treated plant
showed sgnificantly higher reducing sugar ascompared
withthepreinfectional stage(S,) andinfectiona stage
(S). Cultivar V, (10.5mg.g™.fr.Wt) had significantly
higher vauethandl other cultivar. Diseased leaveshad
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little higher valuethan thevaluerecorded at infectional
stage(S) indl thecultivars. Resultsobtained fromthis
study arein agreement with Parashar and Sindhan'"%,
Who observed that |eaf of resistant variety (Erysiphe
polygoni) had higher total soluble sugar and reducing
Sugar content than susceptiblevarietiesafter both80and
90 daysof plant growth. They a so showed that sugar
content varied with age andin responseto inocul ation.
Singh et d.[*4 reved ed that higher amount of reducing
sugar inres stant brass cacultivar todowney mildew than
the susceptiblecultivar toat al growth stages.
Ingenerdl, it was observed that treated plant (con-
trol) resulted lesschangesincultivar V, and V., with the
advancement of stagesas compared withtheotherscul-
tivars. Incase of diseased plant thesetwoi.e.V, andV,
cultivarsshowed s milar trend though themagnitudewas
different for thereducing sugar whilecultivar V., V, and
V showed greater changefor reducing sugars. Similar
findingswererecorded by Yadav et a .69 and reported
higher content of reducing sugarsin mustard genotype
resistant to whiterust. Singh et a .* indicated that
reducing sugar content sgnificantly contributed to dis-
easeres stance and could bethemost important factor
to beconsidered for improving resistanceto A. blight.

Non reducing sugar

Non reducing sugar content inleavesof fungicide
treated plantsi. e. control and naturally infected plants
of fiveBrassicacultivarsat different stages of disease
development aredepicted in TABLE 4 and figure 4.

Atthepreinfectiona stage(S,), thenon reducing
Sugar content inleaf obtained from control plant signifi-
cantly variedfrom cultivar to cultivar. Sgnificantly higher
valuewasrecorded with thecultivar V_ (6.25mg.g™.
fr.wt) and minimumwithV,, (3.39mg.g™. frwt). Non
reducing sugar content inleaves of diseased plantsvar-
iedfrom 0.59t0 4.67mg. g*.fr.wt. Irrespectiveof cul-
tivars, it was seen that |eaves obtained from control
had significantly higher level of non reducing sugar
(3.38%) as compared with the diseased plant at pre
infectiond stage(S).

Non reducing sugar content in leaves of control
plants at infectional stage (S,) varied from 6.77 to
10.94mg.g*.fr.wt. The content was significantly in-
creased from S, to S, stage and percent change was
varied from 56.16-118.8%. Incase of diseased |eaves
obtained from naturally infected plants (S,), showed
sgnificant reductionin non reducing sugar ascompared

Natural Products

tothevaluerecorded at the preinfectiona stage.

Thefindingsarein agreement with Guleri et. al.
who noticed the higher percentage of risein non reduc-
Ing sugar content in resi stant and susceptiblecultivars
and indicated that non reducing sugar may beinvolved
in diseaseresistance. Sindhan and Parashart1? stated
that therewerelower level sof non-reducing sugarsin
groundnut resistant cultivarsto early and lateleaf spot
as compared to susceptible.

At post infectional stage (S,), the treated plant
showed significantly higher non reducing sugar ascom-
pared withthepreinfectiona stage(S)). Diseased leaves
resulted lower leve of non reducing sugar content than
thevauerecorded at infectional stage (S,) for al the
cultivars.

Amongthecultivars, non reducing sugar intreated
plantsresulted lesschangesincultivar V, and V, with
the advancement of stages. Incase of diseased plants
of al cultivar showed drastic reductioninthe content
from S, to S, stages of disease devel opment.
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