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ABSTRACT

The present experiment was conducted for the better management of leaf spot disease of mulberry (Morus spp) by using
different systemic acquired resistance inducers namely Salicylic acid, Isonicotinic acid, Calcium chloride, Ascorbic acid
etc., at three different concentrations each, SAR chemicals were evaluated under greenhouse during 2011 and 2012

respectively.
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INTRODUCTION

Mulberry (Morus sp.), the sole food plant of silkworm
(Bomyx mori L) is cultivated in amost al parts of
Kashmir for silkworm rearing. Leaf spot caused by
Phloeospora maculans is one of the major foliar diseases
of mulberry in Kashmir. The disease regularly appears
during monsoon, affecting leaf yield and quality. The
foliar diseases are more important than the diseases
affecting the other plant parts, as these have direct relation
to accessibility of mulberry leaves due to air- borne nature
of pathogens. The quality and quantity of mulberry leaves
is affected by various kinds of diseases like leaf spot, |eaf
rust, powdery mildew, leaf blight, twig blight, violet root
rot, white root rot etc. Among these leaf spot is most
prevalent disease. The leaf spot disease not only effect the
quantity of mulberry leaves, but also their nutritive value.
When leaf spot affected leaves are fed to the silkworm
larvae, it results in poor larval growth, cocoon crop and
affects the commercial characters of cocoons. The week
larvae also become more susceptible to diseases, thereby
often resulting in drastic reduction in cocoon yield (Sikdar
et al., 1979; Qadri et al., 1999). The leaf spot diseaseisvery
common in Kashmir valey due to favourbae environmental
conditions (temperature 20-30°C and humidity 70-75%) for
disease development. It appears from early May and reaches
to its peak in the month of July, August and September. The
disease incidence and intensity was recorded 41.44 and 24.44
per cent, respectively in the year 1999, with al the genotypes
maintained in the germplasm bank of the institute affected by
this disease (Kausar, 2005). Foliar sprays with carbendazim
50 WP @ 0.05% and Captan 50 WP @ 0.4% were found
most effective fungicide for controlling leaf spot (Munshi
et al., 1987; Ahsan et al., 1990; Ganga and Chetty, 1996).
Triazoles 500 ppm (hexaconazol, penconazole and
bitertanol) were aso found more effective than
carbendazim (Tanki et al., 2005). Although chemical
measures have been suggested for the control of diseasein
tropical conditions (Philip et al., 1994; Gupta; 2001), the
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chemical fungicides have not gained wide acceptance
among the sericulturists owing to their high cogt, the
possible toxicity to silkworms, potential health hazards to
mankind and environmental imbalance (Govindaiah et al.,
1996). The fungicides besides causing the environmental
hazards, adversely affects the non-target species including
beneficial organisms and thereby disturbing the ecological
balance. Moreover these chemicals are site specific in their
action and provide protection only for a short period.
Therefore, the frequent application of these fungicides are
required for successful disease control which leads to the
development of resistance in pathogen against these
fungicides and thus either higher doses of recommended
chemical or an effective aternative non- toxic chemicals
are required. In addition to this, prolonged and extensive
use of fungicides especially carbendazim results in the
development of resistance, which is now an established
fact (Singh, 1991).

Moreover, these chemicals are unable to reduce crop loss
in a situation, where number of pathogensisinvolved and
their incidence is frequent in nature. Due to al these
constraints and problems associated with the chemical
control, it is necessary to find out the aternatives of
chemical control measures by developing ecologically safe
methods for protecting the mulberry plants against the
pathogens.

A variety of constitutive barriers (physical and chemical),
which are present in plant prior to infection are
collectively responsible for the natural resistance of plants.
Plant defense system activates these barriers upon
recognition of a pathogen or its products. The disease
occurs either from failure of this recognition event or the
ability of pathogen to avoid or overcome the resistance
response. When a chemical or biological agent induces or
activates the defense mechanism for the production or
accumulation of defense components in the host plant, it
may be regarded as Induced Systemic Resistance (ISR) or
Systemic Acquired Resistance (SAR). In the recent past,
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the research on SAR chemicals carried out on many plant-
pathogen systems revealed that there are various non-toxic
chemicals that elicit the Systemic Acquired Resistance in
plants (Lyon et al., 1995; Ebel and Mithofer, 1998;
Purkayastha, 1998; Vidhyasekaran, 1998; Oostendrop et
al., 2001). Therefore a potential disease management
strategy, which can be an alternative to chemical control,
would be requested to activate the plant defense system by
using non-toxic chemicals. Keeping in view, the present
experiment was carried out to evaluate SAR chemicals
under different concentration at Invitro condition for the
management of Leaf Spot (Phloeospora maculans) in
mulberry

MATERIALS & METHODS

Disease management

For the management of leaf spot disease of mulberry
(Morus spp.) different systemic acquired resistance
inducers were evaluated under greenhouse during 2011
and 2012 and further tested under field conditions.

Studies under greenhouse conditions

Experiment was conducted in greenhouse to test the
efficacy of below mentioned systemic acquired resistance
inducers at three different concentrations:

S.No. Systemic acquired resistance inducer Concentration (mg/ml)
1 Salicylic acid 05 1.0 15
2. Isonicotinic acid 1.0 15 2.0
3. Calcium chloride 5.0 10.0 15.0
4. Ascorbic acid 1.0 20 30
5. Ethylene diamine tetra acetic acid 0.25 0.50 10
6. Sodium salicylate 0.10 0.15 0.20
7. B-amino butyric acid 1.0 15 2.0
8. Check (carbendazim) 50% WP 0.5 05 0.5
9. Control (distilled water sprayed |eaves) - - -

The experimental trial was laid on one year old sapling of
Kokuso-27 susceptible variety of mulberry planted in poly
bags and kept in greenhouse as per the completely
randomized design (CRD) during the year 2011 and 2012.
All the seven systemic acquired resistance inducers (SAR)
were tested at three concentrations, each concentration
was replicated thrice and each replication comprised of
three plants. Each chemica was dissolved in distilled
water to make different concentrations (mg/ml) and was
applied individually to mulberry plants by foliar spray on
both the sides of leaf, one week after the first spray, leaves
were inoculated with the fungal spores of the freshly
isolated pathogen Phloeospora maculans. High humidity

and optimum temperate 25+1°C was maintained inside the
greenhouse. The spore concentration was adjusted 30-40
spores per field (10x X 10x); one week after inoculum
second spray of chemical is done.

The dlicitation of systemic acquired resistance of leaf spot
disease was monitored 45 and 70 days after sprouting by
visualy estimating the leaf spot symptom. The tota
number of leaves on a plant was counted, then diseased
leaves were categorized in six grades on the basis of
number of spots by adopting the scale (Plate 1) given by
Croxall et al. (1952) with siight modification as per the
requirement as follows:

Grade

Leaf area affected

abhwNEFO

Leaves free from infection
1-5 spots

6-10 spots

11-15 spots

16-20 spots

Above 21- coalesces

The effectiveness of various systemic acquired resistance inducing chemicals at different concentrations was evaluated by
recording the per cent disease incidence, per cent disease intensity and per cent disease control by using the following

formula’s :
Per cent di incidence = No. of diseased |eaves x 100
B Total No. of leaves examined
Per cent di intensity = Y numerical values x Grades 100
y= Total No. of leaves examined X Max. Grade



IJABR, VOL.7 (3) 2017: 605-612

ISSN 2250 - 3579

Grade 3 = 11-15 spots

CT
C
C = Per cent disease intensity in control
T = Per cent disease intensity in treatment

Per cent disease control = x 100

RESULTS & DISCUSSION

Studies under greenhouse

In vitro studies were conducted in greenhouse to test the
efficacy of seven (Plate 6) SAR chemicals at three
different concentrations along with fungicide carbendazim
as check on the basis of disease incidence, disease
intensity and per cent disease control.

Grade 4 = 16-20 spots

Grade 5 = above 21 coalesces
PLATE 1: Scale used for measurement of disease intensity

Efficacy of SAR chemicals on per cent disease
incidence in greenhouse

The observations recorded on the efficacy of different
SAR chemicas adong with systemic fungicide
carbendazim as check at three different concentrations
revealed that all the treatments significantly lowered the
disease incidence as compared to control (distilled water
sprayed leaves).

Disease incidence 45 days after sprouting

An insight into the data (Table 1) revealed that disease
incidence at 45 days after sprouting ranged from 12.59 to
34.46 per cent in chemical (SAR activators) treatments as
compared to control (51.97%) indicating that al the SAR
chemicals aongwith check (fungicide carbendazim) are
significantly effective in lowering the disease incidence.
The least disease incidence at 45 days after sprouting was
found in BABA (2.0 mg/ml) with 12.59 per cent which is
a par with carbendazim (0.5 mg/ml) having disease
incidence 13.19 per cent. Carbendazim was followed by
BABA (1.5 mg/ml) and INA (2.0 mg/ml) with disease
incidence 15.86 and 18.21 per cent, respectively.

EDTA (0.25 mg/ml and 0.50 mg/ml) was found to be least

BT

PLATE 6: Evaluation of SAR chemicals in green house

S

effective with disease incidence 34.46 and 32.34 per cent
respectively.

Per cent disease control at 45 days after sprouting

Per cent disease control at 45 days after sprouting (Table
1) ranged from 75.78 to 33.68 per cent. Highest per cent
disease control was observed in BABA (2.0 mg/ml) 75.78
per cent followed by carbendazim (0.5 mg/ml) 74.63 per
cent, BABA (1.5 mg/ml) and INA (2.0 mg/ml) with 69.49
and 64.96 per cent disease contral.

Least per cent disease control was observed in EDTA
(0.25 mg/ml) and (0.50 mg/ml) with diseases control 33.68
and 37.77 per cent respectively followed by ascorbic acid
(1 mg/ml) with disease control 42.86 per cent.
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Disease incidence at 70 days after sprouting cent. The least disease incidence was observed in BABA
Perusal of data (Table 2) reveaded that the per cent disease (2.0 mg/ml) 13.21 per cent whichisat par with carbendazim
incidence was higher at 70 days after sprouting as compared (0.5 mg/ml) having disease incidence 15.62 per cent
to 45 days after sprouting; it ranged from 13.21 to 64.78 per followed by BABA (1.5 mg/ml), INA (2.0 mg/ml).

TABLE 1: Effect of SAR chemicals at different concentration on percent disease incidence and per cent disease control
(45 days after sprouting) under green house conditions

Treatment 45 days after sprouting

Treatment — Conc S Percent  disease

code Chemical (mg/ml) 2011 2012 Pooled control

T 05 23.72 (4.97) (22'825) (22_5(% 55.73

T, Sdlicylic acid 15 20.26 (4.61) (125?15) (12';?) 61.89

L 20 1926(450) 7(12'2’28)7 (12'4% 63.59

T, 1.0 23.72 (4.97) (Zi'fj_’) (Zi'gf) 57.36

Ts Isonicatinic acid 15 2251 (4.85) (22;11) (24(1)5?86) 59.67

T 20 19610454 7(11';;7 (12'3?81) 64.96

T, 5.0 30.36 (5.60) (2353 (259_;3; 42.64

T, Calcium chloride 10.0 27.48 (5.39) (ngg) (256"27(?) 4863

T 150 2150(475) 7(22'513?)7 (21@91) 50.58

Tio 1.0 30.57 (5.62) (23.%)) (zsg_ff) 42.86

T Ascorbic acid 20 28.89 (5.47) (2;32;1) (22.305) 45.99

Te 30 547519 7(22'38)7 (zg_g% 52.49

Tua Fég':‘;;‘ii ggij”e 0.50 33.27 (5.85) ?51745) 2”52734;) 37.77

Tis (10 297655 (257-5 _(2315{35) _me

Tis 1.0 24.23 (5.02) (zi.ggg) (225’57) 54.65

Ty Sodiumsdicylate 1.5 21.64 (4.76) (22.55,) (21'718) 50.40

Tis 20 226472 gig _(2234; eoe0

Tio 1.0 18.78 (4.45) ggf) (1‘?'33; 64.75

Tog B-amino butyricacid 1.5 16.25 (4.15) (14?3(?) (14?18(% 69.49

Tar 20 1266(369) (lgzﬁ) _(13?_'%’) BB

To S?Jf,‘/fcvflg):arbe”daﬂmi 05 1383(386) (132_5 7(13?_'71(% e

n gmbas, . meow 08 B
CD (p < 0.05) 0.169 0184  0.123

*Figures in parenthesis are square root transformed values
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TABLE 2 :Effect of SAR chemicals at different concentration on per cent disease incidence and per cent disease control

(70 days after sprouting) under green house conditions

ISSN 2250 - 3579

Treatment ~ Comc. 70 days after sprouting 77 R
Treament — pemical (mgm) 2011 2012 Pooled  orcent disease
code contral

T, 05 26,50 (5.24) (2;‘_'5;‘) (255% 60.45

T, Sdlicylic acid 15 22,66 (4.86) (Zifg (2281; 65.80

; L anem 55 GF oo

T, 10 24,52 (5.05) (zi.%z) (2435;) 63.62

Ts Isonicotinic acid 15 23.39 (4.94) ?j?; (22525) 65.64

" LB DD iy e O

T, 50 32.54 (5.79) (32'302) (3;'%3) 51.41

Ts Calcium chloride 10.0 20,79 (5.55) (2;';?) (Zgﬁ) 55.79

: s mewn 22 GE s
T 10 33.45 (5.87) ?5175(?) (352_';‘; 49.85

T Ascorbic acid 20 30.29 (5.64) fgfg) (zg.gs; 53.96
w vess £5 28 e
T 0.25 37.90 (6.64) ?65_;‘4?) fg'fg 43.40
Tue i?g';“;i‘ii g'c"i"id”e 0.50 35.65 (6.05) ?53.@;3(% f;‘_ gg) 4633
Tis 10 31,75 (5.72) (2§.§4f5) ?g_'g% 52.60
Tis 10 %8627 (2;""3% . (25% 60.15
Ty Sodiumsdicylate 15 23.85 (4.98) (2:7775) (25.'8853 64.82
Ti 20 2351 (4.95) (22743?) (Zi'gf) 65.33
Ti 10 2092068 (135535) ) (24(3.(32{1) 68.76
Two B-amino butyricacid 15 18.89 (4.46) gé_’f) (12'3?5) 7187
Tp 20 13Res (13?_'65; 7(13?7271) 79.60
T S%t,}fcvf/garbe“dﬂ 05 1672(421) (13?':4?) ) (12'(;572) 75.88
w T Eba T e S8 R

CD (p< 0.05) 0.163 0173 0417

*Figures in parenthesis are square root transformed values BABA (1.0 mg/ml) with disease incidence of 18.22, 19.19 and 20.24 per cent,
respectively. EDTA (0.25 mg/ml), (0.50 mg/ml) and ascorbic acid (1.0 mg/ml) were found to be least effective by exhibiting 36.66,

34.76 and 32.49 per cent disease incidence respectively.

Per cent disease control at 70 days after sprouting

Per cent disease control at 70 days after sprouting (Table
2) ranged from 79.60 to 43.40 per cent. Highest per cent
disease control was observed in BABA (2.0 mg/ml) 79.60
per cent followed by carbendazim (0.5 mg/ml) 75.88 per
cent, BABA (1.5 mg/ml), INA (2.0 mg/ml) and BABA
(2.0 mg/ml) with 71.87, 70.38 and 68.76 per cent disease
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control, respectively.

Least percent disease control was observed in EDTA (0.25
mg/ml), (0.50 mg/ml) and ascorbic acid (1.0 mg/ml) with
43.40, 46.33 and 49.85 per cent disease control,
respectively. Maximum disease control was observed at
higher concentration of al the SAR chemicals except
calcium chloride (15 mg/ml) where phytotoxicity was
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observed (Plate 7).

Efficacy of SAR chemicals on % disease intensity in
greenhouse

The observations recorded on the efficacy of seven SAR
chemicals along with fungicide carbendazim as check at
three different concentrations at 45 and 70 days after
sprouting indicated that all treatments significantly
lowered the disease intensity as compared to control with
distilled water sprayed leaves.

Disease intensity 45 days after sprouting

Analysis of data (Table 3) revealed that disease intensity at
45 days after sprouting ranged from 10.48 to 31.50 per
cent in chemicals (SAR activators) treatments in
comparison to control 42.29 per cent indicating that all the
SAR chemicals along with check (fungicide carbendazim)
are dignificantly effective in Lowering the disease
intensity.

TABLE 3: Effect of SAR chemicals at different concentration on % disease intensity and per cent disease control (45 days
after sprouting) under green house conditions

_Treatment Conc. 45 days after sprouting _
Treatment  ~pemical (mgml) 2011 2012  Pooled L Centdisease
code control
T, 05 20.09 (4.59) (12"‘1531) (12315) 54.25
T, Sdlicylic acid 15 17.92 (4.35) (1[‘15_';‘; (11'228 50.34

L 20 1677(2) 7(1:&?)7 (1% 6183
T, 10 19.38 (4.51) (12'23 (ffg) 55,25
Ts Isonicotinic acid 15 18.42 (4.40) (113?3 (123?8 57.45

T 20 1558407 7(1\,;‘;551)7 gﬂ 64.32
T, 50 27.63 (5.35) (2;3;1; (25735) 36.12
Ty Calcium chloride 10,0 24,55 (5.05) (st?) (22.96; 44.09

T 150 18720444 7(12;399)7 (11_'33 58.26
Tro 10 27.65 (5.35) (ngg) (23275’) 36,80
T Ascorbic acid 20 24.82 (5.08) (Ziggl) (22'983 4359

e 30 273048 jig;i (22_'73 4828
Ti 0.25 3228 (5.77) (SE?EZ?T) ?é‘%’) 2553
Toe grz';‘;i‘ii 20%“6 0.50 30.61 (5.62) (22547) (23'57:) 29.69

T 10 2656(529 7(2;,‘_'572)7 (ZEE 30.38
Ti 10 21.69 (4.76) (22'5’22) (Ziggl) 50.34
Ty Sodiumsdicylate 1.5 18.83 (4.45) (1134(% %f;% 57.08

e 20 186044 _(1255’)_ (1& 58.12
Ti 10 15.89 (4.11) (1§‘_'9651) (15535) 63.95
To B-amino butyric acid 1.5 13.383 (3.79) (%g‘;) (13?.;61) 70.65

Ta 20 11.08(347 _?55.33?0)_ %B(EQSL 75.22

T2 %‘zcv'@é)carbe”dazim 05 1238(369) _(13%_'%_ (13?_'63 7157

n T EeEE e 2o

CD (p<0.05) 0.185 0183 0.126

*Figures in parenthesis are square root transformed values
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The least disease intensity at 45 days after sprouting was
found in BABA (2.0 mg/ml) 10.48 per cent which is at par
with carbendazim (0.5 mg/ml) with disease intensity 12.02
per cent. Carbendazim was followed by BABA (1.5
mg/ml) and INA (0.2 mg/ml) and BABA (1.0 mg/ml) with
disease intensity 12.41, 15.09 and 1524 per cent,
respectively.

EDTA a 0.25 and 0.50 mg/ml was found to be least
effective with disease intensity 31.50 and 29.74 per cent
respectively.

Per cent disease control at 45 days after sprouting

Per cent disease control at 45 days after sprouting (Table
4) ranged from 75.22 and 25.53 per cent. Highest per cent
disease control was observed in BABA (2.0 mg/ml) 75.22
per cent and it was followed by carbendazim (0.5 mg/ml)
71.57 per cent and BABA (1.5 and 1.0 mg/ml) with 70.65
and 63.95 per cent disease control.

Least per cent disease control was observed in EDTA
(0.25 and 0.50 mg/ml) with disease control 25.53 and

ISSN 2250 - 3579

29.69 per cent, respectively.

Diseaseintensity 70 days after sprouting

Percent disease intensity was higher at 70 days after
sprouting as compared to 45 days after sprouting, it ranged
from 12.70 to 34.31 per cent (Table 5). The least disease
intensity was observed in BABA (1.5 mg/ml) 12.70 per
cent which is at par with carbendazim having disease
intensity 13.90 per cent followed by BABA (1.5 and 1.0
mg/ml) with disease intensity 14.55 and 17.18 per cent.
EDTA (0.25 and 0.50 mg/ml) was found to be least
effective with disease intensity 34.31 and 31.10 per cent
respective

Per cent disease control 70 days after sprouting

Percent disease control 70 days after sprouting ranged
from 75.74 to 33.48 per cent (Table 4). Highest per
cent disease control was observed in BABA (2.0
mg/ml) 75.34 per cent followed by carbendazim (0.5
mg/ml) 73.03 per cent and BABA (1.5 and 1.0 mg/ml)

with 71.75 and 75.34 per cent disease control.

TABLE 4: Effect of SAR chemicals at different concentration on per cent disease intensity and per cent disease control
(70 days after sprouting) under green house conditions

Trement coc. | [Odwsatersprowting
Treament o omical (mgml) 2011 2012  Pooled L& cent disease
code control

2079 2163
T, 05 248(488) (Jap 47y  580L
T, Sdliylic acid 15 19.78 (4.56) (12214}) (13'&?) 61.60
19.31 7.2 1861
e 20 asmy (a3 @ay B
2085 2130
T, 10 2A75(4TT) Lo fvy 5865
Ts Isonicotinic acid 15 20.62 (4.65) (14?5?65) (24(1)623 60.73
T 20 17.75 (4.33) (1223‘?’) (11';;‘) 66.34
T, 50 30.63 (5.62) (2:.213) (25?563?) 4249
Ty Calcium chloride 10.0 26.82 (5.27) (2;1.(&)3; (ngg) 49.89
Ty 150 20.83 (4.67) (1215% (135757) 6162
T 10 29.82 (5.50) (257 ;g; (22'157) 44.15
Ascorbic acid 2 ' )
. 20 6.68 2434 55 oo
n : (5.260) (5039  (5.15) :
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Ti 30

Tis 70.25 o
oo Oheedmi g

Tis 10

T 71.0 o
Ty Sodium salicylate 15

Tis 20

Tao 71.0 o
T B-amino butyricacid 1.5

Ta 20

T, %/fvﬁléc)tarbmdazm 05 B
Ty Control (Distilled

water sprayed leaves)
CD (p= 0.05)

22.86 23.78

489507 e (aggy 585
35,54 (6.04) (353.&?) (3;&1) 33.40
3262 (5.80) (25?55; (3;_'618 30.63
28,75 (5.45) (2;52651)7 (2573?'5 46.27
23.82 (4.98) (25_65;‘) (Zf_'gf) 55,01
21.75 (4.71) (12'57; (22'6767) 59.69
20.78 (4.67) 7(1;3_34759)7 (12'573) 6159
17.79 (4.35) g’_fg) (11'21; 66.65
15.39 (4.05) (133;; (1§ '953 7175
12.92(3.73) 7(132_'5‘%7 (132778) 75.34
14.75 (3.97) (1337055)7 gg’g 73.02
s 32 92
0.180 0.187 _ 0128

*Figuresin parenthesis are square root transformed values

Least per cent disease control was observed in EDTA
(0.25 and 0.50 mg/ml) with disease control 33.40 and
39.63 per cent, respectively. Maximum disease control
was observed at higher concentrations among al the SAR
chemicals but phytotoxicity was also observed at highest
concentration of calcium chloride (15 mg/ml).The most
effective concentrations of different chemicals used under
greenhouse conditions were further evaluated in field.
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