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Twenty four promising chickpea genotypes with known wilt resistant and
susceptible checks were evaluated for phenol content and activity profile of 8-1,3
glucanase, chitinase, phenylalanine ammonia lyase and polyphenol oxidase at pre and
post infection stages under wilt sick soil with simultaneous recording of wilt incidence
score . The activity of all these enzymes was significantly increased at post infection stage
of growth in wilt resistant chickpea genotypes as compared with wilt susceptible genotypes
suggesting induction of the defense response. Amongst twenty four chickpea genotypes
when screened in wilt sick soil along with wilt resistant and susceptible checks , three
genotypes viz., GL29285(83.3%), PBG5(26.8%) and GL27014 (81.7%) were categorized as
wilt susceptible, while twenty one genotypes were wilt tolerant having higher activity
profile of defense related enzymes with less than 10% wilt incidence. Among the twenty
one chickpea genotypes screened under wilt sick soil BCP 2010-1, JG24 and JG2001-4
recorded significantly higher increase in activity profile of all the four enzymes and total
phenolics content. The same three genotypes also recorded low wilt incidence in the field.
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Among the pulses chickpea (Cicer
arietinumL.) isthethird important pulse after dry
bean (PhaseolusvulgarisL.) and dry peas (Pisum
sativumL.)t. Chickpeaishigh proteinlegumegrown
inIndia. Itisgrown on about 9.21 million hawith
production of 8.88 million ton with productivity of
995 kg/ha?. The chief constraints to chickpea
production are biotic stresses such as Ascochyta
blight (Ascochyta rabiei), Fusarium wilt
(Fusarium oxysporumf. sp.ciceri), and pod borer
(Helicoverpaarmigera) which causesyield losses
of about 4.8 million tonnes 3. Several diseases are
knownto limit worldwide production of chickpea,
of which Fusarium oxysporum f. sp. ciceris
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(Fusarium wilt) is one of the most important.
Management of Fusariumwilt has been primarily
through devel opment of resistant cultivars as part
of an integrated management approach. However,
the high pathogenic variability in populations of
F. oxysporum f. sp. ciceris presents problems for
sustainability of resistant cultivars. Two
pathotypes and eight races of the wilt pathogen
have been identified. The reliance on resistant
cultivarsfor disease management of Fusariumwilt
therefore places significant importance on the
confident and efficient identification of pathogenic
races of F. oxysporumf. sp. ciceris.
Ininteractionswith invading pathogens,
plants frequently activate defense-related genes
that lead to expression of pathogenesis-related
(PR) proteins“. PR proteinsare one of theimportant
non-specific defense mechanismsof plantsagainst
pathogen. The hypersensitive reaction (HR), one
of themost efficient and visible parts of the defense
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mechanismsin nature against invading pathogens,
is associated with a coordinated and integrated
set of metabolic alterationswhich areinstrumental
inimpeding further pathogen ingressor alleviating
stress. It includes a variety of novel proteins and
secondary metabolites. Activeresearch on various
aspectsof defense/stressresponsein various crops
has resulted in the identification of a variety of
response proteins and antifungal secondary
metabolites induced in response to pathogen
attack®. In this context we aimed a basic study in
chickpea regarding changes of several defense
related enzymes and phenolics upon Fusariumwilt
attack.

Plants are equipped with a variety of defense
mechanism against such pathogen or biotic stress
to protect against the attack, some of these are
constitutive while others are induced upon
pathogen attack like accumulation of phenolics or
induction of antioxidant and itsrelated enzymatic
system ©. Plant resistance to biotic and abiotic
stresses is often regulated by the metabolism of
phenolics. Phenolics are known as hydrophilic
antioxidants and play an important role in
defending injured plants against pathogens ™
Among the PR proteins chitinases and &-1,3
glucanases are two important hydrolytic enzymes
that are abundant in many plant species after
infection by different type of pathogens. The
amount of them significantly increase and play main
role of defense reaction against fungal pathogen
by degrading cell wall, because chitin and &1, 3
glucan is also a major structural components of
the cell walls of many pathogenic fungi but they
alsoreleasedicitorsfrom thewalls of fungi, which
in turn stimulate various defense responses in
plants®.

Inthe present investigation attemptswere
madeto find differencesin the degree of resistance
against Fusarium wilt (Fusarium oxysporum f.
sp.ciceri) among 31 genotypes of chickpea based
on the activity of defense related enzymes and
phenaolics.

MATERIALS AND METHODS

Seeds of twenty four promising chickpea
genotypes which are often used in chickpea
breeding along with seven checks viz., Vijay,
Digvijay, SAKI 9516, Vikas, JG-62, WR 315 and
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ICC 4958, were obtained from All India Co-
ordinated Pulses Improvement Project, MPKYV,
Rahuri. The seedswere surface sterilized with 0.1%
(v/v) sodium hypochlorite solution for 15 min,
washed thoroughly with sterile distilled water and
sowninwilt sick plot having inoculumload of 2x107
cfu/g soil with completely randomized block design.
Theactivities of enzymefromrootsat preinfection
(10-12 DAS), post infection (22-26 DAS) and
flowering stage (55-60DAS) were evaluated with
simultaneous recording of wilt incidence score of
all chickpea genotypes.

Estimation of total phenols was carried
out with Folin-Ciocalteu reagent by method of °.
Exactly 0.250 g of root sample was weighed and
macerated with 5-time volume of 80% ethanol in
pestle and mortar. The homogenate was centrifuged
at 10,000 rpm for 20 min. The supernatant was
collected and residue was re-extracted two more
timeswith 80% ethanol. The combined supernatant
was evaporated to dryness. The residue
concentrate was dissolved in known volume of
distilled water and aliquot was used to estimate
thetotal phenol. A 0.1 ml aliquot was pipetted into
test tubes and made up the 3 ml with water. To this
0.5 ml Folin-ciocalteu reagent was added and after
three min, 2 ml of 20% sodium carbonate solution
was added to each tube, mixed thoroughly and
tubeswere placed in boiling water bath for exactly
1 min. Thetubeswere cooled and absorbance was
measured at 650 nm against reagent blank. The
concentration of phenols in the test sample was
expressed as mg g* fresh weight from standard
curve prepared using different concentration of
catechol.

Theassay of &1, 3-glucanase was carried
out as per the method described by Rakshit et al.,
10, The fresh root samples 0.2 g were washed in
sterile distilled water and blotted with filter paper
and macerated with chilled 2ml of 0.2M Tris-HCl
buffer (pH 7.5) in pre-chilled mortar and pestle.
The homogenate was centrifuged at 11,000 x g at
4°C for 30 min and the supernatant was used asthe
crude enzyme source. One ml reaction mixture
contained 950 pl of laminarin and 50 ul of crude
enzyme extract was incubated at 37°C for 30 min
and the reducing sugar released in to the solution
at the end of reaction was estimated by Nelson-
Somogyi method and the absorbance was read at
520 nm. The &1, 3 glucanase activity was
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expressed as nmoles of glucose released mg?
protein mint, The protein contained in the crude
enzyme extract was estimated according to the
method of Lowry et al.**. The chitinase activity
was estimated as per to the method described by
Giri et al. 12, Thefresh root samples of 0.2 g were
washed in sterile distilled water and blotted with
filter paper and macerated with chilled 2ml of 0.1M
sodium citrate buffer (pH 5.0) in pre-chilled mortar
and pestle. The homogenate was centrifuged at
10,000 x g at 4°C for 20 min and the supernatant
was used asthe crude enzyme source for chitinase.
The protein content in the crude enzyme extract
was estimated as described earlier. For the
chitinase assay, 1 ml of supernatant, 4 ml of chitin
suspension containing 15 mg BSA wereincubated
inwater bath at 37°C for 3 hr. Oneml water and 1 ml
of reaction mixture was bhoiled in glass marble-
covered centrifuge tube for 10 min and was
centrifuged. An aliquot of 0.5 ml wastaken for the
estimation of N- acetyl glucosamine as per the
method of Nelson—-Somogyi method 3. The
chitinase activity was expressed as nmoles of N
acetyl glucosaminereleased mg protein min from
standard curve prepared using different
concentration of N-acetyl glucosamine. The PAL
activity was assayed by the method of Campos et
al.**. 0.2 g root tissues were macerated with 2ml of
50mM borate buffer (pH 8.5) containing 5mM of 2-
mercaptoethanol and 0.4 g insoluble polyvinyl
polypyrrolidone. The homogenate was centrifuged
at 20000 g at 4°C for 20 min. The supernatant was
used as an enzyme source. The protein content in
the crude enzyme extract was estimated as
described earlier. The assay mixture containing 0.1
ml aliquots of the supernatant, 0.9 ml of distilled
water and 1 ml of 200mM L-phenylalanine were
incubated at 40°C for 30 min. Then, 1 ml of 4% TCA
wasadded init to terminate thereaction. Similarly
the TCA wasadded in one of thetest tubeat O min
to serve as a blank. The assay mixture was
incubated with TCA for 5 min at room temperature
and centrifuged at 10000g for 5 min and the
absorbance of the supernatant wasread at 290 nm.
PAL activity was calculated as nmoles of trans-
cinnamic acid formed mg?! protein min? using
standard curve prepared form different
concentrations of trans-cinnamic acid. The
polyphenol oxidase activity was assayed by the
method of Kumar and Khan *°. All chickpea
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genotypes with wilt resistant and susceptible
checks used for enzyme analysis were scored in
thewilt sick plot for wilt incidence and percentage
of wilt was recorded as per the scale.

All the biochemical parameters were
analyzed in three replications. The data obtained
for biochemical constituents and enzymes
determination were subjected to simple compl etely
randomized block design for significance of
various data *®.

RESULTS AND DISCUSSION

Phenolics play an important rolein plant
metabolism and protect the plant against stresses.
The total phenolics content did not vary
significantly at pre-infection stage in wilt
susceptible and resistant checks while at post
infection stage asignificant increase was recorded
(Table 1). At post infection stage mean total
phenolics content in wilt tolerant check genotypes
was 2.59 mg g? fresh wt. and while in wilt
susceptible checks it was 1.82 mg g? fresh wt.
Among the twenty four chickpea genotypes, JG
24 recorded maximum increasein phenolics content
at post infection stage from 0.59 to 2.76 mg g*
fresh wt. recording 4.68 fold increase. Similarly
chickpea genotypes BCP 2010-1 and JG 2001-4
recorded significant increase in total phenolics
content. The field wilt incidence of these three
genotypes when recorded was below 10%
supporting involvement of phenolicsin Fusarium
wilt resistance. Similar increasein total phenolics
in wheat plant roots after infection with Ustilago
tritici to the extent of 161 % in diseased roots as
compared to healthy roots has been reported .
Total root phenolics content of inoculated chickpea
genotype WR 315 showed about 1.92 fold increase
at wilt infection stagewhile only 1.2 fold increase
was recorded in wilt susceptible genotype JG 62
18, Pigeon pea wilt resistant genotype BDN 2
showed 30% increase in root total phenolics
content over non inoculated plants than wilt
susceptible genotype | CP 2376 with 20% increase
19

At the post infection stage significant
increaseinthe enzyme activity wasrecordedin all
the wilt resistant check genotypes with amean 13-
1, 3 glucanase activity of 598.4 nmoles of glucose
released mg?! protein mint (Table 2). The 3-1,3
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glucanase activity in susceptible checks at post *with amean activity of 261.2 nmoles of glucose
infection stage varied in the range from 141.2to  released mg? protein min?. The fold increase in
323.5 nmolesof glucosereleased mg! proteinmin-  enzyme activity from preinfection to post infection

Table 1. Root total phenolics content of wilt resistant and susceptible
chickpea genotypes at different growth stages gown in wilt sick soil

Total phenolics (mg g* fresh wt.)

Sr.No. Genotype Preinfection Post infection Flowering Foldincrease
stage stage stage (Preinfection to post
infection stage)

1 Vijay (R) 0.62 2.45 2.75 4.10

2 Digvijay (R) 0.54 254 2.84 452

3 WR 315 (1) 0.67 2.79 29 477

4 1CC4958 (R) 0.56 292 3.02 4.50
Range 0.54-0.67 2.45-2.92 2.75-3.02 4.10-4.77
Mean 0.58 2.59 2.88 447

5 SAKI9516(S) 0.58 1.82 1.92 314

6 Vikas(S) 0.6 1.76 184 293

7 JG 62(9) 0.63 1.88 194 2.98
Range 0.56-0.63 1.76-1.88 1.92-1.94 2.93-3.14
Mean 0.60 1.82 1.90 3.02

8 GJG 0920 0.56 2.45 2.6 4.38

9 GJG0919 0.67 24 2.55 3.58

10 IPC 08-11 0.58 2.56 2.68 441

11 IPC 05-74 0.64 2.48 254 3.88

12 GJG 0814 0.6 2.66 2.7 443

13 IPC1048 0.66 2.25 2.38 341

14 GJG0922 0.59 2.38 2.48 4.03

15 GL 23094 0.64 2.72 2.86 4.25

16 GJG0904 0.68 2.42 2.48 3.56

17 IPCK09-40 0.7 2.38 2.56 3.40

18 GL29285 0.66 18 1.88 273

19 PBG5 0.58 1.78 19 3.07

20 GL27014 0.65 17 18 2.62

21 IPC10-73 0.55 2.64 2.72 451

22 BCP49 0.6 2.6 2.7 4.33

23 HC1 0.62 254 2.64 4.10

24 JG 2-14-110 0.59 244 25 4.14

25 JG 552476 0.68 2.78 2.86 4.09

26 BCP26 0.6 2.58 2.72 4.30

27 BCP2010-1 0.58 2.86 2.96 4.66

28 BCP60 0.64 2.56 2.66 4.00

29 JG2001-4 0.6 2.8 29 4.65

30 JG24 0.59 2.76 2.86 4.68

31 JG 2000-7 0.62 25 2.62 4.03
Range 0.55-0.68 1.70-2.86 1.80-2.96 2.62-4.68
Mean 0.61 2.66 2.76 4.34

Overall Mean 0.62 2.43 254 3.87
Comparison SE+ CD at 5%

1 Genotype 0.003 0.05

2. Sage 0.005 0.04

3. Genotype x stage 0.014 0.18
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stage was 4.24 t0 5.30 in wilt resistant checksas  chickpea genotypes, BCP 2010-1 recorded
against a fold increase of 1.27 to 2.90 in wilt  maximum induction asevident fromincreasein 3
susceptible checks. Among the twenty four 1,3 glucanaseactivity from 100.7 to 533.9 nmoles

Table 2. Root -1, 3 glucanase activity of wilt resistant and susceptible
chickpea genotypes at different growth stages gown in wilt sick soil

B-1, 3 glucanase activity (nmoles of glucose released mg-1 protein min-1)

Sr.No. Genotype Preinfection Post infection Flowering Foldincrease
stage stage stage (Preinfection to post
infection stage)

1 Vijay (R) 119.3 607.9 1428.6 5.10

2 Digvijay (R) 135.9 576.5 1358.0 4.24

3 WR 315 (1) 1235 655.1 1598.9 5.30

4 ICC4958 (R) 128.6 554.0 1372.6 431
Range 119.3-135.9 554.0-655.1  1358.0-1598.9 4.24-5.30
Mean 126.8 598.4 1439.6 4.74

5 SAKI9516(S) 128.3 3235 556.0 252

6 Vikas(S) 109.8 3189 584.3 2.90

7 JG 62(9) 111.6 141.2 0.00 1.27
Range 109.8-128.3 141.2-323.5 556.0-725.1 1.27-2.90
Mean 116.6 261.2 640.6 2.23

8 GJG 0920 1135 537.1 1029.4 4.73

9 GJG0919 126.6 544.6 1244.9 4.30

10 IPC 08-11 101.5 528.0 12255 5.20

11 IPC 05-74 112.4 494.1 1179.6 4.40

12 GJG 0814 1335 562.3 1314.2 421

13 IPC1048 137.9 549.0 1292.8 3.98

14 GJG0922 122.7 544.8 1235.3 4.44

15 GL 23094 101.1 534.5 915.1 5.28

16 GJG0904 124.9 536.6 1260.5 4.30

17 IPCK09-40 139.1 542.0 1181.9 3.90

18 GL 29285 122.3 322.3 354.6 2.64

19 PBG5 131.8 398.6 482.2 3.03

20 GL27014 131.2 324.2 364.3 247

21 IPC10-73 136.1 490.2 1243.9 3.60

22 BCP49 136.8 410.8 1104.8 3.00

23 HC1 140.2 524.7 1372.6 3.74

24 JG 2-14-110 139.6 539.5 1391.1 3.87

25 JG 552476 119.7 599.4 1299.1 5.01

26 BCP26 138.6 549.7 1353.0 3.97

27 BCP2010-1 100.7 533.9 1286.8 5.30

28 BCP60 131.9 439.6 1111.8 3.33

29 JG2001-4 100.9 533.3 1365.1 5.28

30 JG24 108.2 562.9 1403.8 5.20

31 JG 2000-7 1111 511.3 1316.7 4.60
Range 100.7-140.2 322.3-599.4 354.6-1403.8 2.47-5.30
Mean 123.4 504.7 1138.7 4.26

Overall Mean 123.2 493.2 1108.7 4.05
Comparison SE+ CD at 5%

1. Genotype 2.84 7.96

2. Sege 1.80 5.03

3. Genotype x stage 9.84 27.56
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of glucose released mg? protein min(5.30fold). 27014 recorded comparatively less induction as
JG 2001-4 genotype recorded 5.28 fold increase  evident from 3-1,3 glucanase activity which
from pre infection to post infection, whereas GL  increased from 131.2 to 324.2 nmoles of glucose

Table 3. Root chitinase activity of wilt resistant and susceptible chickpea
genotypes at different growth stagesin wilt sick soil

Chitinase activity (nmoles of N acetyl glucosamine released mg-1 protein min-1)

Sr.No. Genotype Preinfection Post infection Flowering Foldincrease
stage stage stage (Preinfection to post
infection stage)

1 Vijay (R) 51.7 114.2 131.9 221

2 Digvijay (R) 52.5 117.8 131.5 224

3 WR 315 (1) 48.8 136.3 169.4 279

4 1CC4958 (R) 50.7 115.8 134.7 229
Range 48.8-52.5 114.2-136.3 131.5-169.4 2.21-2.79
Mean 50.9 121.0 141.9 2.38

5 SAKI9516(S) 38.9 64.2 70.3 1.65

6 Vikas(S) 375 63.1 68.6 1.68

7 JG 62(9) 411 53.0 0.00 1.29
Range 37.5-41.1 53.0-64.2 68.6-70.3 1.29-1.68
Mean 39.2 60.1 69.4 154

8 GJG 0920 56.8 98.7 114.5 1.74

9 GJG0919 55.5 113.2 130.7 204

10 IPC 08-11 435 831 98.1 191

11 IPC 05-74 437 80.6 89.8 1.84

12 GJG 0814 54.7 103.2 105.6 1.89

13 1PC1048 56.2 112.4 128.5 2.00

14 GJG0922 57.4 109.5 118.0 191

15 GL23094 52.6 91.8 98.9 1.74

16 GJG0904 56.2 113.6 114.7 2.02

17 IPCK09-40 54.1 98.8 105.8 1.83

18 GL29285 56.7 82.0 87.4 1.44

19 PBG5 48.7 80.7 87.8 1.66

20 GL27014 55.9 83.3 85.4 1.49

21 IPC10-73 52.1 91.0 113.2 1.75

22 BCP49 47.6 85.0 114.2 1.78

23 HC1 57.6 101.3 135.7 1.76

24 JG 2-14-110 445 90.9 131.7 204

25 JG 552476 45.2 1131 129.4 250

26 BCP26 49.0 92.8 112.4 1.89

27 BCP2010-1 44.0 103.2 138.2 234

28 BCP60 41.0 80.0 1105 195

29 JG2001-4 49.6 109.2 123.2 220

30 JG24 40.7 103.1 129.9 254

31 JG 2000-7 47.6 101.5 1285 213
Range 40.7-57.6 80.0-113.6 85.4-138.2 1.44-2.54
Mean 50.46 96.74 1138 193

Overall Mean 49.43 96.33 111.7 195
Comparison SE+ CD at 5%

1 Genotype 0.22 0.60

2. Sage 0.34 0.96

3. Genotype x stage 1.19 3.33
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released mg? protein min?at post infection stage Twenty four chickpea genotypes were
(2.47fold). Similar resultswererecorded by some  evaluated for root chitinase activity profile with
researcherslike®, Zearlier in different crops. simultaneous recording of wilt incidence at

Table 4. Root phenylalanine ammonia lyase activity of wilt resistant and
susceptible chickpea genotypes at different growth stages in wilt sick soil

Pheny! alanine ammonialyase activity (nmoles of trans-cinnamic acid formed mg-1 protein min-1)

Sr.No. Genotype Preinfection Post infection Flowering Foldincrease
stage stage stage (Preinfection to post
infection stage)

1 Vijay (R) 6.60 22.19 26.44 3.36

2 Digvijay (R) 6.96 24,51 28.49 3.52

3 WR 315 (1) 7.91 31.62 33.30 4.00

4 1CC4958 (R) 7.84 23.40 28.99 2.98
Range 6.60-7.91 22.19-31.62 26.44-33.30 2.98-4.00
Mean 7.32 25.43 29.31 3.47

5 SAKI9516(S) 5.69 114 11.88 2.00

6 Vikas(S) 6.67 12.20 14.26 1.83

7 JG 62(S) 6.17 12.26 0 1.99
Range 5.69-6.67 11.4-12.26 11.88-14.26 1.83-2.00
Mean 6.18 11.40 12.94 1.94

8 GJG 0920 7.64 16.79 19.32 220

9 GJG0919 9.02 23.85 24.67 2.64

10 IPC 08-11 9.63 2244 24.84 2.33

11 IPC 05-74 8.70 17.62 21.74 2.03

12 GJG 0814 9.40 18.54 23.68 1.97

13 1PC1048 7.83 19.17 20.83 245

14 GJG0922 7.81 19.00 25.04 243

15 GL 23094 7.32 15.76 20.61 215

16 GJG0904 6.67 15.55 22.01 2.33

17 IPCK09-40 7.24 12.40 18.36 171

18 GL 29285 9.34 11.59 12.28 124

19 PBG5 9.04 12.32 15.85 1.36

20 GL27014 6.81 8.76 12.02 1.29

21 IPC10-73 9.83 17.89 21.74 1.82

22 BCP49 10.02 16.56 22.48 1.65

23 HC1 10.03 18.40 24.53 1.83

24 JG 2-14-110 8.47 23.05 30.55 272

25 JG 552476 8.56 24.90 29.81 291

26 BCP26 9.36 18.91 24.84 2.02

27 BCP2010-1 5.52 18.13 21.74 3.28

28 BCP60 8.42 17.22 17.04 2.04

29 JG2001-4 6.17 20.26 23.82 3.28

30 JG24 6.71 2154 27.27 321

31 JG 2000-7 5.80 17.10 21.03 2.95
Range 5.52-10.03 8.76-24.90 12.02-30.55 1.24-3.28
Mean 8.14 17.82 21.92 224

Overall Mean 7.85 17.74 21.84 2.32
Comparison SE+ CD at 5%

1 Genotype 0.12 0.36

2. Sage 0.18 0.50

3. Genotype x stage 0.38 1.10
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different growth stages. Analysis of chitinase  preinfection to post infection stage in JG 552476,
activity in these chickpea genotypes revealed BCP 2010-1 and JG 24 genotypes. In genotype JG
maximum increase in chitinase activity from 24, maximum increase in chitinase activity was

Table 5. Root polyphenol oxidase activity of wilt resistant and susceptible
chickpea genotypes at different growth stages in wilt sick soil

Polyphenol oxidase activity (A mg* protein min™)

Sr.No.  Genotype Preinfection Post infection Flowering Foldincrease
stage stage stage (Preinfection to post
infection stage)

1 Vijay (R) 0.24 0.75 0.81 314

2 Digvijay (R) 0.23 0.71 0.79 312

3 WR 315 (1) 0.25 1.06 112 4.20

4 1CC4958 (R) 0.23 0.72 0.77 3.10
Range 0.23-0.25 0.71-1.06 0.77-1.12 3.10-4.20
Mean 0.24 0.81 0.87 3.39

5 SAKI9516(S) 0.25 0.56 0.65 229

6 Vikas(S) 0.24 0.46 0.53 1.89

7 JG 62(9) 0.23 0.28 0.000 1.20
Range 0.23-0.25 0.28-0.56 0.53-0.65 1.20-2.29
Mean 0.24 0.43 0.59 171

8 GJG 0920 0.21 0.45 0.52 212

9 GJG0919 0.20 0.61 0.71 3.10

10 IPC 08-11 0.24 0.55 0.70 227

11 IPC 05-74 0.28 0.61 0.70 215

12 GJG 0814 0.27 0.62 0.74 229

13 1PC1048 0.17 0.64 0.70 3.70

14 GJG0922 0.16 0.62 0.77 3.95

15 GL23094 0.20 041 0.49 2.07

16 GJG0904 0.14 0.54 0.61 3.84

17 IPCK09-40 0.20 0.45 0.48 219

18 GL29285 0.22 0.40 0.44 1.84

19 PBG5 0.23 0.46 0.52 2.00

20 GL27014 0.22 0.39 041 1.76

21 IPC10-73 0.25 0.66 0.67 2.64

22 BCP49 0.21 0.49 0.53 2.33

23 HC1 0.26 0.67 0.72 255

24 JG 2-14-110 0.20 0.64 0.75 324

25 JG 552476 0.25 0.99 1.00 3.97

26 BCP26 0.21 0.48 0.62 227

27 BCP2010-1 0.21 0.81 0.84 3.92

28 BCP60 0.21 0.60 0.66 281

29 JG2001-4 0.19 0.69 0.76 3.70

30 JG24 0.19 0.67 0.71 351

31 JG 2000-7 0.22 0.69 0.79 3.20
Range 0.14-0.28 0.39-0.99 0.48-1.00 1.76-3.92
Mean 0.21 0.60 0.67 281

Overall Mean 0.22 0.61 0.66 278
Comparison SE+ CD at 5%

1 Genotype 0.002 0.008

2. Sage 0.003 0.009

3. Genotype x stage 0.004 0.012

J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.



DALVI eta.: STUDY OF DEFENSE RELATED ENZYMES IN CHICKPEA

recorded from 40.7 to 103.1 nmoles of N acetyl
glucosamine released mg? protein min? from
preinfection stage to post infection stage with an
increase of 2.54 fold. GL 29285 genotype showed
minimum increase in chitinase activity from
preinfection to post infection stage from 56.7 to
82.0 nmolesof N acetyl glucosamine released mg
! protein min?® an increase of 1.44 fold showing
maximum wilt incidence of 83.3% and categorized
asahighly susceptible genotype for wilt. Theroot

Bherra Ll Ml

e L

ey,

Fig. 1. Mean root total phenolics content of wilt
resistant and susceptible check chickpea genotypes at
different growth stagesin wilt sick soil
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Fig. 2. Mean root B-1, 3 glucanase activity of wilt
resistant and  susceptible check chickpeagenotypes at
different growth stagesin wilt sick soil
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Fig. 4. Mean root phenylalanine ammonialyase activity
of wilt resistant and susceptible check chickpea
genotypes at different growth stages in wilt sick soil
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chitinase activity in these chickpea genotypes
ranged from 40.7 to 57.6 nmoles of N acetyl
glucosamine released mg? protein min? at
preinfection stage with mean of 50.46 nmolesof N
acetyl glucosamine released mg! protein min?
whileactivity ranged from 80.0 to 113.6 nmoles of
N acetyl glucosamine released mg? protein min?
at post infection stage of growth with a mean of
96.74 nmolesof N acetyl glucosaminerel eased mg
! protein min! (Table 3). The chitinase activity in
smut-resistant (Yacheng05-179) and smut-
susceptible (Liucheng03-182) sugarcane cultivars
inoculated with Sporisorium scitamineum showed
2 fold increase in smut resistant cultivar
Yacheng05-179 over smut susceptible cultivar
Liucheng03-182 after 72 hr inoculation which
suggesting positive correl ation between sugarcane
chitinase activity and smut resistance %.
Time-course increase in activity of root
phenylalanine ammonialyase was observed in wilt
resistant and susceptible check genotypes of
chickpeafrom preinfection to flowering stage but
activity increased more in wilt tolerant checks as
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Fig. 3. Mean root chitinase activity of wilt resistant
and susceptible check chickpea genotypes at different
growth stagesin wilt sick soil

Bl EEeaLal

Febgbennd maidate sy
d il proeed kel

[N T fetfahion Hloan iy,

Fig. 5. Mean root polyphenol oxidase activity of wilt
resistant and susceptible check chickpea genotypes at
different growth stagesin wilt sick soil
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compared to susceptible at post infection stage.
Themean PAL activity was significantly higher at
post infection stage in resistant checks with 25.43
nmoles of trans-cinnamic acid formed mg* protein
min? as against 11.40 nmoles of trans-cinnamic
acid formed mg™ protein min in wilt susceptible
checks. The maximum fourfold increase in PAL
activity was recorded in WR 315 a wilt immune
chickpea genotype from preinfection to post
infection stage (Table 4). It was observed that
among the twenty four chickpea genotypes
evaluated for PAL activity genotypes JG 2001-4,
BCP2010-1 and JG 24 recorded maximum increase
in PAL activity from preinfection to post infection

Table 6. Confirmation of resistance against wilt in
chickpea genotypes under wilt sick soil

Sr.No. Genotype Percent wilt incidence
1 Vijay 6.18
2 Digvijay 271
3 WR 315 0.00
4 1CC4958 5.84
5 SAKI19516 426
6 Vikas 30.0
7 JG 62 100.00
8 GJG 0920 1.60
9 GJG0919 0.0
10 IPC 08-11 0.0
11 IPC 05-74 14
12 GJG 0814 23
13 IPC1048 14
14 GJG0922 0.0
15 GL23094 18.1
16 GJG0904 0.0
17 IPCK09-40 7.7
18 GL29285 83.3
19 PBG5 26.8
20 GL27014 81.7
21 IPC10-73 6.7
22 BCP49 23
23 HC1 0.0
24 JG 2-14-110 15
25 JG 552476 24
26 BCP26 0.0
27 BCP2010-1 15
28 BCP60 0.0
29 JG2001-4 0.0
30 JG24 3.8
31 JG 2000-7 24

Scale: 1. 0.0 to 10.0% Wilt resistant2. 10.1 to 30.0%
Moderately resistant, 3. 30.1 to 50.0 % Susceptible 4.
Above 50.1% Highly susceptible

DALVI etd.: STUDY OF DEFENSE RELATED ENZYMES IN CHICKPEA

stage. In genotype JG 2001-4, PAL activity
increased from 6.17 to 20.26 nmoles of trans-
cinnamic acid formed mg? protein min'* from
preinfection to post infection stage (3.28 fold) with
minimum wilt incidence and genotype GL 29285
showed minimum increase in PAL activity from
preinfection stageto post infection stage from 9.34
t0 11.59 nmoles of trans-cinnamic acid formed mg-
protein mint with 1.24 fold increasewith maximum
wilt incidence. Similar results were recorded by
some researchers as in wilt tolerant genotype of
pigeon pea, BDN-1 showed 22.61% increasein PAL
activity when inoculated with F. udum and H.
cajani while susceptible genotype GS-1 showed
minimumincreasein PAL activity after inoculation
2, PAL activity wasincreased maximum in roots of
wilt resistant pigeon peagenotype | CPL 87119 from
185.90 to 288.15 ig trans-cinnamic acid h* mg?
protein over control at 7DAI of wilt pathogen while
inwilt susceptible genotype ICP 2376, PAL activity
intherootswasincreased from 110.29t0 143.21ig
trans- cinnamic acid h'* mg?* protein over control
at 7 DAI %,

Among the twenty four chickpea
genotypes screened inwilt sick soil at three growth
stagesthe root PPO activity increased maximumin
genotype JG 552476 and GJG 0922 with 3.97 and
3.95fold respectively as compared to wilt resi stant
check WR 315 with 4.20 fold increase. The PPO
activity in genotype JG 552476 wasincreased from
0.25t00.99 AA mg! protein min* from preinfection
to post infection stage. These genotypes also
recorded low wilt incidence in field. Genotype
GL 27014 recorded minimum increase in PPO
activity from 0.22- 0.39AA mg* protein mint with
1.76 fold increase and was al so highly susceptible
asper thewilt incidence scalerecorded inthefield
(Table 5). The results of the present investigation
arein agreement with the previousresultsrecorded
in chickpea.

Wilt incidence of three genotypes viz.,
GL 29285 (83.3%), PBG5 (26.8%) and GL27014
(81.7%) was confirmed with low enzyme activities
as wilt susceptible genotypes, while twenty one
genotypes were wilt resistant having below 10%
wilt incidence with higher defense responsive
enzyme activities. Amongst the twenty one
chickpea wilt resistant genotypes screened under
wilt sick soil four chickpea genotypes viz; JG24,
BCP 2010-1, JG2001-4 and JG 552476 recorded
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overall increasein four enzymes studied under this
experiment which wereat par with thewilt resistant
checksand al so confirmed with low wilt incidence
under field observationsaswilt resistant genotypes
(Table6).

CONCLUSIONS

Based on the levels of phenolics and
induction levels of enzymes involved in plant
defense three genotypes viz., BCP 2010-1, JG 24
and JG 2001-4 appeared to be wilt resistant. Also
increase in phenolics and these enzymes were
significantly increased at post infection stage as
compared to preinfection stage of plant growth.
Wilt resistant checksrecorded significant increase
in defense responsive enzymes and phenolicsthan
wilt susceptible chickpea check genotypes at post
infection stage. The field performance of these
three genotypesin the wilt sick soil recorded wilt
incidence of lessthan 10% at all the three growth
stages. The induction level of phenolics and
defenserelated enzymesfrom preto post infection
stage was in the range and even more than that
recorded in wilt resistant checks.

REFERENCES

1. Singh, N.P. Krishna, R. Kumar, R. and Singh,
A.P. Assay on direct selection parameters in
chickpea (Cicer arietinum L.). Prog Agric,2
(2002) 169-170.

2. Singh, N.P. and Sewak, S. Global perspective of
chickpea research. AICRP on chickpea (2013)
8- 13.

3. Ryan, J.G. A global perspective on pigeon pea
and chickpea sustainable production systems:
present status and future potential. In: Asthana,
A. N. and Ali, M. (eds) Recent advances in
pulses research. Indian Society of Pulses
Research and Development, 1I1PR, Kanpur,
India,(1997)pp 1-31.

4, LiuB, LuY, XinZ, and Zhang Z Identification
and antifungal assay of awheat &1, 3-glucanase.
Biotechnol Lett, 31 (2009) 1005-1010.

5. Nandi, S. Dutta,S. Mondal, A. Adhikari, A.
Nath, R. Chattopadhaya, A. and Chaudhuri,S.
Biochemical responses during the pathogenesis
of Sclerotiumrolfsii on cowpea. Afr J Biotechnol,
12 (2013) 3968-3977.

6. Kandoliya, U.K. and Vakharia, D.N.
Antagonistic effect of Pseudomonasfluorescens

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

against Fusriumoxysporumf.sp. Ciceri causing
wilt in chickpea. Legume Res, 36(6) (2013a)
569 -575

Lee, C.Y. Jeong, S.W.and Kim, D. Antioxidant
capacity of phenolic phytochemicals from
variouscultivarsof plums. Food Chem, 81(2003)
321-326.

Ren, Y.Y. and West, C.A. Elicitation of diterpene
biosynthesisin rice (Oryza sativa L.) by chitin.
Plant Physiol, 99(1992)1169- 1178.

Bray G. and Thorpe, W.V. Analysis of phenolic
compounds of interest in metabolism. Methods
Biochem Anal, 1(1954)27- 52.

Rakshit, S. Mishra, S.K. Dasgupta, S.K. and
Sharma, B. Dynamics of B-1, 3 glucanase
activity in powdery mildew tolerant and
susceptiblelines of pea. J Plant BiochemBiotech,
9 (2000)95-98.

Lowry, O.H. Rosenbrough, N.J. Farr, A. and
Randall, R.J. Protein measurement with the Folin
phenol reagent. J Biol Chem. 193(1951) 265-
275.

Giri, A.P. Harsulkar, A.M. Patankar, A.G.
Gupta, V.S. Sainani, M.N. Deshpande, V.V and
Ranjekar, P.K. Association of induction of
protease and chitinase in chickpea roots with
resistance to Fusarium oxysporium f.sp.ciceri.
Plant Pathol, 47(1998)693-699.

Nelson, P.E., Toussoun, T.A. and Marasas,
W.F.O. Fusariumspecies: Anillustrated manual
for identification. The Pennsylvania State
University Press, University Park,
Pennsylvania, U.S.A., (1983) p.193.

Campos, R., Nonogaki, H., Suslow, T. and
Saltveit, M.S. Isolation characterization of a
wound inducible phenylalanine ammonia-lyase
from remains|ettuce leaves, Physiol Plantarum,
121 (2004) 429-438.

Kumar, K.B. and Khan, PA. Peroxidase and
polyphenol oxidase in excised ragi (Eleusine
corocana cv.PR 202) |eaves during senescence.
Indian J.Exp.Biol, 20 (1982)412-416.

Panse, V.G. and Sukhatme, P.V. Statistical
methods for agricultural workers. ICAR
publication, New Delhi. (1985)

Anjum, T. Fathima, S. and Amjad, S.
Physiological changes in wheat during
development of loose smut. Tropical Plant
Pathol, 37 (2012) 102-107.

Datta, J. and Lal, N. Temporal and spatial
changes in phenolic compounds in response to
Fusariumwilt in chickpea and pigeonpea. Cell
Mol Biol, 1 (2012) 96-102.

Patel, N.J. Kandoliya, U.K. and Talati, J.G.
Induction of phenol and defence-related
enzymes during wilt (Fusarium udum Butler)

J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.



474

20.

21.

DALVI etd.: STUDY OF DEFENSE RELATED ENZYMES IN CHICKPEA

infestation in pigeon pea. Int J Curr Micraobiol
App Sci, 4 (2015)291-299.

Rasheed, F.T. Hadwan, H.A. and Fattah, FA.
Induction of Pathogenesis Related Proteins and
Phenol in Chickpea Plants Treated with Bio-
Agents in Response to Infection by Fusarium
oxysporum f.sp.ciceri. Journal of Biology,
Agriculture and Healthcare 3 (2013) 66-74.
Raju, S. Jayalaksmi, S.K. and Sreeramullu, K.
Comparative study on the induction of defense
related enzymes in two different cultivars of
chickpea (Cicer arietinum L.) genotypes by
salicylic acid, spermine and Fusarium

22.

23.

J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.

oxysporum f. sp. Ciceri. Aust J of Crop i, 2
(2008)121-140.

Yachun, S. Liping, X. Zhiwei, F.Yuting, Y.
Jinlong, G. Shanshan, W.and Youxiong, Q. ScChi,
Encoding an Acidic Class Il Chitinase of
Sugarcane, Confers Positive Responsesto Biotic
and Abiotic Stressesin Sugarcane. Int JMol i,
15 (2014) 2738-2760.

Nagabhusana, P. Biochemical and molecular basis
of interaction between Fusarium udum Butler
and Heterodera cajani Koshy on pigeon pea,
Thesis submitted to University of Agricultural
Sciences, Dharwad, 2006.



