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ABSTRACT: Phytophthora species are one of the most devastating oomycetes causing root rot of citrus.
The pathogen was earlier controlled by metalaxyl (phenylamide), but from 1980’s, development of
resistance to phenylamides have been reported. In the present study, efficacy of ten different fungicides, (7
systemic, 2 contact + systemic and 1 contact fungicides) was evaluated against the mycelial growth of
Phytophthora nicotianae by poisoned food technique. The result revealed that all the tested fungicides were
significant in controlling the mycelial growth as compared to control. Metiram 44% + Dimethomorph 9%,
Metalaxyl 4% + Mancozeb 64%, Mandipropamid 23.4%, Fluopicolide 39.5%, and Fluopicolide (5.53%
w/w) + Propamocarb hydrochloride (55.3% w/w) exhibited complete inhibition at 250, 500 and 1000 ppm.
The least mycelial inhibition was exhibited by cyazofamide (33.85%, 43.85% and 62.31% at 250, 500 and
1000 ppm respectively. To study the minimum inhibitory concentrations (MIC’s) of fungicides, the
concentrations were increased/decreased. The response of fungicides on mycelial growth of P. nicotianae
was highly variable. Based on MIC’s, the fungicides were grouped into three groups (Group I, II and III).
The MIC of Metiram 44% + Dimethomorph 9% was 10 ppm, followed by Metalaxyl 4% + Mancozeb 64%,
Mandipropamid 23.4%, Fluopicolide 39.5%, and Fluopicolide (5.53% w/w) + Propamocarb hydrochloride
(55.3% w/w) was 30 ppm and were placed in Group I. The MIC of Fosetyl Al, Chlorothalonil 50% +
Metalaxyl 3.75% SC and Phosphorous acid was 1000 ppm and was placed in Group II. Azoxystrobin 20%
+ Difenoconazole 12.5% SC (2000 ppm) and cyazofamide (8000 ppm) were placed in Group III.
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INTRODUCTION

Phytophthora diseases are one of the most devastating
oomycete plant pathogens, responsible for decline and
short life span of citrus orchards throughout India
(Naqvi, 2004; Das et al., 2011). Among these, P.
nicotianae and P. palmivora are the most prevalent
oomycetes causing decline of citrus orchards. The
infection starts with the discoloration and browning of
feeder roots, which ultimately affect the nutrient and
water uptake and leading to decline of trees.  Later,
Phytophthora sp. becomes difficult to manage due to
their long-term survival in the form of oospores in the
soil, wider host range and long-distance dissemination.
The economic losses caused by P. nicotianae are very
difficult to estimate, because of the wide host range and
ecological niches. Phytophthora nicotianae are better
adapted to abiotic stresses, especially to climate
warming (Panabieres et al., 2016). Therefore, this
pathogen poses a continuous challenge to plant disease
management programmes, which mostly rely on the use

of chemicals. Traditionally, two fungicides belonging to
FRAC group 4 i.e., phenylamides
(metalaxyl/mefanoxam) and FRAC group 33 i.e.,
phosphonates (fosetyl-Al, potassium phosphite) were
used, but from 1980’s, development of resistance to
phenylamides have been reported in P. citricola, P.
cryptogea, P. infestans, P. megasperma and P.
nicotianae (Davidse et al., 1981; Shew, 1985; Ferrin
and Kabashima 1991; Gisi and Cohen 1996; Hwang
and Benson 2005; Stack and Millar 1985; Parra and
Ristaino 2001; Jeffers et al., 2004; Taylor et al., 2006;
Hu et al., 2008). Though, the resistance to
phosphonates is developed less frequently, development
of phosphonate resistant strains of P. capsici, P.
cinnamomi, and P. infestans had been reported (Cohen
and Samoucha 1984; Veena et al., 2010; Wilkinson et
al., 2001).
The knowledge regarding fungicides with different
mode of actions to manage metalaxyl resistant strains is
very low which can be targeted by rotation of
fungicides with different modes. The present study
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focused on evaluating ten different fungicides (with
different mode of action, target, and low-risk) under in-
vitro conditions by poisoned food technique and
developing practical solutions to control root rot disease
of Citrus caused by P. nicotianae.

MATERIAL AND METHODS

Isolation of P. Nicotianae. The infected root samples
were collected from a root rot and gummosis infected
Nagpur mandarin (Citrus reticulata) tree situated at
ICAR-CCRI farm site, Nagpur (40.829386’N,
77.845798). For Phytophthora isolation, 1-2 cm pieces
were excised from infected root and surface sterilized
using 2% sodium hypochlorite for 1 min, followed by 3
consecutive washes with sterile distilled water. The cut
bits were further isolated on selective media i.e., Corn
Meal Agar (CMA) medium amended with Pimiracin
(0.01 g/L), Ampicillin (0.025g/L), Rifamycin
(0.012g/L), Pentachlorobenzene (0.01g/L) and
Hymexazol (0.08g/L) (Kannwischer and Mitchell 1978)
and were incubated in the dark at 25°C for 4 to 5 days.
The Phytophthora isolate was confirmed
morphologically by asexual and sexual characteristics
and molecularly by internal transcribed spacer region
restriction fragment length polymorphism (ITS-RFLP)
and Sanger sequencing of ITS region.
Pathogenicity assay was conducted in laboratory using
floating disc of rough lemon (C. jambhiri) (Nath,
2013). The 15-20 mycelial discs from actively
advancing margin of cultures, were placed in sterile
distilled water to induce development of sporangia. The
plates were incubated under continuous light at 25°C

for 4 to 5 days. The zoospores were liberated from
matured sporangia by giving cold shock. Leaves of
rough lemon were further floated in zoospore
suspension; the leaves were examined visually for
disease symptom.
Evaluation of fungicides. Commercially formulated
ten different fungicides (7 systemic, 1 contact and 2
contact + systemic) were evaluated in vitro by poisoned
food technique for their efficacy in controlling root rot
pathogen of Citrus, Phytophthora nicotianae (Nene
and Thapiyal 2002). The details of fungicides are given
in Table 1. Initially, the efficacy of systemic fungicides
was tested at 250 ppm, 500 ppm and 1000 ppm and that
of contact fungicides at 1000 ppm, 2000 ppm and 3000
ppm. The systemic + contact fungicides were evaluated
at 250 ppm, 500 ppm, 1000 ppm, 2000 ppm and 3000
ppm (Thomas and Naik 2017). Further, the
concentrations of fungicides were decreased or
increased to determine the MIC values of fungicides (if
no growth was observed in the lowest concentration,
the concentration was reduced whereas, if growth was
observed in highest concentration, the concentration
was increased).
Fungicide stocks were prepared in de-ionised water and
were added separately to molten CMA medium, to
obtain desired concentrations. Five mm mycelial disc of
actively growing 7 days old culture was placed in the
centre. Plate without any fungicide was maintained as
control. Three replications were maintained for each
concentration. All the plates were incubated at 25±1ºC
temperature for 10 days (Thomas and Naik 2017).

Table 1: List of common name, chemical name, class, and mode of action of the fungicides evaluated in the
study.

The Percent inhibition by fungicides is worked out by
following formula:

Percent inhibition = × 100
Where, C = colony diameter (mm) of the control
T = colony diameter (mm) of the test plate (Gupta and

Tripathi 2011).
Statistical analysis. All data was statistically analysed
using analysis of variance (ANOVA) at probability
level 0.05 by using software package OPSTAT
(Sheoran et al., 1988).

RESULTS

Isolation and identification of P. nicotianae.
Phytophthora nicotianae isolate, CPhy-38 was isolated
from infected roots of a Nagpur mandarin tree. The
identity of isolate was confirmed by ITS sequencing
(submitted to Genbank under the accession number
OM758322) and RFLP analysis of the amplicon (~ 900
bp) generated after amplification of ITS6/4 product of
the isolate. The banding pattern of 400 bp, and 120 bp
was obtained upon restriction digestion by MspI and
745, 117, 52 by AluI   which is typical of P. nicotianae
(Fig. 1).

Sr. No. Trade Name Active Ingredient Fungicidal class Mode of action

1. Ridomil Gold Metalaxyl 4% + Mancozeb 64%
Phenylamides and
dithiocarbamates

Systemic

2. Alliette Fosetyl Al Phosphonate Systemic
3. Amistar Top Azoxystrobin 20% + Difenoconazole 12.5% SC QoI fungicides Systemic
4. Ranman Cyazofamide Qil fungicides Systemic
5. Prophyt Phosphorous Acid Phosphonate Systemic
6. Profiler Fluopicolide 39.5% Benzamide Systemic
7. Acrobat Metiram 44% + Dimethomorph 9% Cinnamic acid Systemic
8. Revus Mandipropamid 23.4% Cinnamic acid Contact

9. Infinito
Fluopicolide (5.53% w/w) + Propamocarb

hydrochloride (55.3% w/w)
Carbamate

Contact and
systemic

10. Folio Gold Chlorothalonil 50% + Metalaxyl 3.75% SC Chlorothalonil
Contact and

systemic



Malvi et al., Biological Forum – An International Journal 14(4): 415-423(2022) 417

Fig. 1: (a) Symptoms of root rot of Citrus; (b) Isolation of P. nicotianae on PARPH medium; (c) Pure culture of P.
nicotianae on CMA medium; (d) ~ 900 bp amplicon generated by ITS 6 and ITS 4 primer pair (e) 400 bp, and 120

bpbands on restriction digestion by MspI; (f) 745,117,52bands on restriction digestion by AluI.

In-vitro evaluation of different fungicides against P.
Nicotianae. The present investigation was undertaken
to evaluate the efficacy of different fungicides to
restrict the mycelial growth of P. nicotianae. The
results of in-vitro screening of fungicides at different
concentrations are given in Table 2 (Fig. 2, 3 & 4).
Complete mycelial inhibition of P. nicotianae was
observed by Metalaxyl 4% + Mancozeb 64%,
Fluopicolide (5.53% w/w) + Propamocarb
hydrochloride (55.3% w/w), Metiram 44% +
Dimethomorph 9%, Fluopicolide 39.5% and
Mandipropamid 23.4%.

At 250 ppm, Fosetyl Al recorded 89.23 percent
mycelial inhibition followed by Phosphorous acid
(86.54%), Chlorothalonil 50% + Metalaxyl 3.75% SC
(76.54%) and Cyazofamide (33.85%).  The percent
inhibition increased with the increase in concentrations
of fungicides. Fosetyl Al and Phosphorous acid
recorded mycelial inhibition of 92.31 and 100 percent
at 500 and 1000 respectively. The mycelial inhibition
by Azoxystrobin 20% + Difenoconazole 12.5% SC was
recorded as 61.15, 83.08 and 88.08 per cent at 250, 500
and 1000 ppm respectively. The minimum mycelial
inhibition was observed in Cyazofamide (43.85% at
500 ppm and 62.31% at 1000 ppm).

Table 2: Percent inhibition of P. nicotianae mycelium at different concentrations of fungicides.

Sr. No. Fungicides Chemical name
Mean percent inhibition

250 ppm 500 ppm 1000 ppm
Systemic Fungicides

1. Ridomil Gold Metalaxyl 4% + Mancozeb 64% 100 (10.05)f 100 (10.05)e 100 (10.05)c

2. Alliette Fosetyl Al 89.23 (9.499)e 92.31 (9.66)d 100 (10.05)c

3. Amistar Top
Azoxystrobin 20% + Difenoconazole

12.5% SC
61.15 (7.883)b 83.08 (9.169)b 88.08 (9.438)b

4. Ranman Cyazofamide 33.85 (5.9)a 43.85 (6.696)a 62.31 (7.956)a

5. Prophyt Phosphorous Acid 86.54 (9.356)d 92.31 (9.66)d 100 (10.05)c

6. Profiler Fluopicolide 39.5% 100 (10.05)f 100 (10.05)e 100 (10.05)c

7. Acrobat Metiram 44% + Dimethomorph 9% 100 (10.05)f 100 (10.05)e 100 (10.05)c

Contact Fungicides
8. Revus Mandipropamid 23.4% 100 (10.05)f 100 (10.05)e 100 (10.05)c

Contact+systemic fungicides

9. Foliogold
Chlorothalonil 50% + Metalaxyl 3.75%

SC
76.54 (8.805)c 90.38 (9.56)c 100 (10.05)c

10. Infinito
Fluopicolide 62.5% + Propamocarb

hydrochloride 625 EC
100 (10.05)f 100 (10.05)e 100(10.05)c

CD (P=0.05) 0.0159 0.088 0.084
SE(m) 0.054 0.03 0.028

*Figures in parenthesies are Arcsine transformed values. Values are mean of three replicates. Values with different letters are significantly
different at p<0.05 level.
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The fungicides with contact and contact+systemic
mode of action viz., Mandipropamid 23.4%,
Chlorothalonil 50% + Metalaxyl 3.75% SC and
Fluopicolide (5.53% w/w) + Propamocarb

hydrochloride (55.3% w/w)were also tested at 2000 and
3000 ppm (Table 3). Complete mycelial inhibition was
exhibited by all three fungicides at both the
concentrations.

Fig. 2. Effect of different cocentrations (250, 500 and 1000 ppm) of ten different fungicides on mycelial growth of
P. nicotianae.

Assessment of Minimum inhibitory concentrations
(MIC’s) of fungicidal dose for inhibition of P.
nicotianae mycelium. Further, to study the MIC’s of
different fungicides, the concentrations of fungicides
were reduced and increased accordingly. The
concentrations of Azoxystrobin 20% + Difenoconazole
12.5% SC, Cyazofamide was increased (Table 3, Fig. 3

& 4). Complete inhibition of P. nicotianae mycelium
by Azoxystrobin 20% + Difenoconazole 12.5% SC was
recorded at 2000 ppm and that of Cyazofamide was
recorded at 8000 ppm. From Table 4, it was evident
that Fosetyl Al, Chlorothalonil 50% + Metalaxyl 3.75%
SC, and Phosphorous acid completely inhibited growth
of P. nicotianae at 1000 ppm.

Table 3: Mean values of percent inhibition of P. nicotianae mycelium at different concentrations of
fungicides.

Sr.
No. Fungicides Chemical name

Mean percent inhibition
2000 ppm 3000 ppm 5000 ppm 8000 ppm

1
Amistar Top Azoxystrobin 20% +

Difenoconazole 12.5% SC

90.39
(9.56)b 92.31

(9.66)b

100
(10.05)a NA

2
Ranman

Cyazofamide
73.08

(8.606)a
75.71

(8.758)a
80.77

(9.043)b
100

(10.05)

3
Revus

Mandipropamid 23.4%
100

(10.05)c
100

(10.05)c
NA NA

4
Foliogold Chlorothalonil 50% + Metalaxyl

3.75% SC
100

(10.05)c
100

(10.05)c
NA

NA

5
Infinito Flupicolide 62.5% +

Promamocarb hydrochloride 625
EC

100
(10.05)c

100
(10.05)c

100
(10.05)a NA

CD (P=0.05) 0.118 0.077 0.061 NA
SE(m) 0.037 0.024 0.015 NA

*Figures in parenthesies are Arcsine transformed values. Values are mean of three replicates. Values with different letters are significantly
different at p<0.05 level.

Similarly, to assess the MIC’s of Metalaxyl 4% +
Mancozeb 64%, Fluopicolide (5.53% w/w) +
Propamocarb hydrochloride (55.3% w/w), Metiram
44% + Dimethomorph 9%, Fluopicolide 39.5% and
Mandipropamid 23.4%, the concentrations were
reduced (Table 4, Fig. 3 & 4). The result revealed that
MIC of Metalaxyl 4% + Mancozeb 64%, Fluopicolide
(5.53% w/w) + Propamocarb hydrochloride (55.3%
w/w), Fluopicolide 39.5%, and Mandipropamid 23.4%
required to completely inhibit the mycelial growth of P.
nicotianae was 30 ppm while that of Metiram 44% +
Dimethomorph 9% was 10 ppm.
Keeping in view the efficacy and cumulative
performance, tested fungicides were grouped into three

groups (group I, II and III).  Group I consisted of highly
effective fungicides viz; Metalaxyl 4% + Mancozeb
64%, Fluopicolide (5.53% w/w) + Propamocarb
hydrochloride (55.3% w/w), Metiram 44% +
Dimethomorph 9%, Fluopicolide 39.5% and
Mandipropamid 23.4% that could completely inhibit
the growth at 30 ppm and above. Second group
included Fosetyl Al, Chlorothalonil 50% + Metalaxyl
3.75% SC and Phosphorous acid, as the fungus was
moderately sensitive to these fungicides at 1000 ppm.
The Group III included Azoxystrobin 20% +
Difenoconazole 12.5% SC and Cyazofamide as they
were least sensitive and could control the fungus at
2000 ppm and 8000 ppm respectively (Table 5).
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Table 4: Percent inhibition of P. nicotianae mycelium at different concentrations of fungicides.

Sr. No. Fungicides Chemical name
Mean percent inhibition

5 ppm 10 ppm 30 ppm 50 ppm 100 ppm

1 Ridomil Gold
Metalaxyl 4% +
Mancozeb 64%

NA 89.23 (9.499)b 100 (10.05) 100 (10.05) 100 (10.05)

2 Profiler Fluopicolide 39.5% NA 86.54 (9.356)a 100 (10.05) 100 (10.05) 100 (10.05)

3 Acrobat
Metiram 44% +

Dimethomorph 9%
89.88

(9.533)
100 (10.05)d 100 (10.05) 100 (10.05) 100 (10.05)

4 Revus
Mandipropamid

23.4%
NA

90.39 (9.56)c 100 (10.05) 100 (10.05) 100 (10.05)

5 Infinito
Flupicolide 62.5% +

Propamocarb
hydrochloride 625 EC

NA
88.85 (9.479) b 100 (10.05) 100 (10.05) 100 (10.05)

CD (P=0.05) NA 0.092 NS NS NS
SE(m) NA 0.029 NS NS NS

*Figures in parenthesies are Arcsine transformed values. Values are mean of three replicates. Values with different letters are significantly
different at p<0.05 level.

Table 5: Sensitivity of P. nicotianae mycelium to ten different fungicides.

Sr. No. Fungicides Chemical name Sensitivity class
MIC’s
(ppm)

Sensitivity
Group

1. Acrobat Metiram 44% + Dimethomorph 9% HS 10 I
2. Ridomil Gold Metalaxyl 4% + Mancozeb 64% HS 30 I
3. Profiler Fluopicolide 39.5% HS 30 I
4. Revus Mandipropamid 23.4% HS 30 I

5. Infinito
Flupicolide 62.5% + Promamocarb

hydrochloride 625 EC
HS 30 I

6. Alliette Fosetyl Al MS 1000 II
7. Foliogold Chlorothalonil 50% + Metalaxyl 3.75% SC MS 1000 II
8. Prophyt Phosphorous Acid MS 1000 II

9. Amistar Top
Azoxystrobin 20% + Difenoconazole

12.5% SC
LS 2000 III

10. Ranman Cyazofamide LS 8000 III

Fig. 3. Effect of different concentrations of systemic fungicides on mycelial growth of P. nicotianae.
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Mancozeb 64%

NA 89.23 (9.499)b 100 (10.05) 100 (10.05) 100 (10.05)

2 Profiler Fluopicolide 39.5% NA 86.54 (9.356)a 100 (10.05) 100 (10.05) 100 (10.05)

3 Acrobat
Metiram 44% +

Dimethomorph 9%
89.88

(9.533)
100 (10.05)d 100 (10.05) 100 (10.05) 100 (10.05)

4 Revus
Mandipropamid

23.4%
NA

90.39 (9.56)c 100 (10.05) 100 (10.05) 100 (10.05)

5 Infinito
Flupicolide 62.5% +

Propamocarb
hydrochloride 625 EC

NA
88.85 (9.479) b 100 (10.05) 100 (10.05) 100 (10.05)

CD (P=0.05) NA 0.092 NS NS NS
SE(m) NA 0.029 NS NS NS

*Figures in parenthesies are Arcsine transformed values. Values are mean of three replicates. Values with different letters are significantly
different at p<0.05 level.

Table 5: Sensitivity of P. nicotianae mycelium to ten different fungicides.

Sr. No. Fungicides Chemical name Sensitivity class
MIC’s
(ppm)

Sensitivity
Group

1. Acrobat Metiram 44% + Dimethomorph 9% HS 10 I
2. Ridomil Gold Metalaxyl 4% + Mancozeb 64% HS 30 I
3. Profiler Fluopicolide 39.5% HS 30 I
4. Revus Mandipropamid 23.4% HS 30 I

5. Infinito
Flupicolide 62.5% + Promamocarb

hydrochloride 625 EC
HS 30 I

6. Alliette Fosetyl Al MS 1000 II
7. Foliogold Chlorothalonil 50% + Metalaxyl 3.75% SC MS 1000 II
8. Prophyt Phosphorous Acid MS 1000 II

9. Amistar Top
Azoxystrobin 20% + Difenoconazole

12.5% SC
LS 2000 III

10. Ranman Cyazofamide LS 8000 III

Fig. 3. Effect of different concentrations of systemic fungicides on mycelial growth of P. nicotianae.
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Fig. 4. Effect of different concentrations of contact and contact+systemic fungicides on mycelial growth of P.
nicotianae.

DISCUSSION

Phytophthora nicotianae is the most devastating
oomycetes of Citrus and hence, effective management
strategies are needed to control the economical losses
caused by this pathogen. The result obtained in the
present study revealed that Metalaxyl 4% + Mancozeb
64, Fluopicolide (5.53% w/w) + Propamocarb
hydrochloride (55.3% w/w), Metiram 44% +
Dimethomorph 9%, fluopicolide 39.5% and
mandipropamid 23.4%s strongly inhibited mycelial
growth of P. nicotianae. Metalaxyl-m had been used
since long in managing P. nicotianae in many crops
(Farih et al., 1981, Gonzalez et al., 2017; Chi et al.,
2020). In-vitro inhibition mycelial growth of
Phytophthora species by metalaxyl-m and mancozeb
(ridomil) have been reported by Rolando et al. (2017);
Turkolmez and Dervis (2017) and in pot trials
(Reglinski et al., 2009).
Though metalaxyl-m is highly effective in controlling
the mycelial growth of P. nicotianae, many workers
have reported the development of metalaxyl resistant
strains (Davidse et al. 1981; Shew, 1985; Ferrin and
Kabashima 1991; Gisi and Cohen 1996; Hwang and
Benson 2005; Stack and Millar 1985; Parra and
Ristaino 2001; Jeffers et al., 2004; Taylor et al., 2006;
Hu et al., 2008). Alternate use of fungicides with
different mode of action and with low risk is important
in reducing the risk of development of fungicide
resistant strains.Therefore, the efficacy of fungicides
with different mode action have been evaluated in
present study.
Peerzada et al. (2020) reported that dimethomorph
exhibited minimum mycelial growth of P. infestans

while Yan et al., (2006); Matheran and Porchas (2000)
reported the inhibitory effect on P. nicotianae and
Jackson et al., (2012); Siegenthaler et al. (2021) on P.
capsici. The mode of action of dimethomorph is novel
(i.e.,) it inhibits sterol synthesis that might have
contributed to the high inhibitory effect. Since, it does
not produce cross resistance to metalaxyl, are effective
in low concentrations and poses systemic, curative and
anti-sporulant spray which makes it effective even after
infection sprays.
Fluopicolide plays a crucial role in breaking the
stability of cytoskeleton, which works, by
disorganization of cell structure of any pathogen and
disrupting the formation of spectrin (Jiang et al., 2015).
The inhibitory effect of fluopicolide was also studied by
many workers on mycelial growth of P. capsici
(Jackson et al., 2010), while on P. nicotianae (Qu et al.,
2013), P. cinnamon (Belisle et al., 2019) and other
species by Cerkauskas et al. (2015); Foster and
Hausbeck (2010); Jiang et al. (2015); Meyer and
Hausbeck (2013); Shin et al. (2010). However, the
inhibitory effect of propamocarb hydrochloride +
fluopicolide was higher than the effect of fungicides
when used alone (Ren et al., 2018) which confirmed the
findings of the present study. Propamocarb HCl
interferes with the biosynthesis of membrane of
oomycetes (Papavizas et al., 1978). Combining the
fungicides with different mode of action helps in
reducing the resistant strains of pathogens.
Mandipropamid targets cellulose synthase (Kramer and
Schirmer 2008) and the effectiveness of
mandipropamid in controlling the root rot pathogen of
citrus was reported by Gray et al. (2018); Hao et al.
(2019), tobacco by Wang et al. (2013); Qu et al. (2013)
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and vegetable crops (Cerkauskas et al., 2015; Foster
and Hausbeck 2010; Jiang et al. 2015; Meyer and
Hausbeck 2013). Similarly, Belisle et al. (2019),
reported the inhibitory effect of mandipropamid on P.
cinnamon causing root rot of avocado.
Though the inhibitory concentrations of phosphorous
acid, fosetyl Al, chlorothalonil and azoxystrobin was
more, but they had significant effect on mycelial
growth of P. nicotianae. Gonzalez et al. (2017)
reported use of potassium phosphonate for controlling
P. cinnamon in many forest, plantation, and
horticultural tree species while Ramallo et al. (2019)
reported 40 to 60 per cent reduction in incidence of
brown rot of Citrus caused by P. citrophthora. Sandler
et al. (1989); Sonoda et al. (1990); Gonzalez et al.
(2017) reported the inhibitory effect of fosetyl Al
against Phytophthora species. In present investigation,
the inhibitory effect of fosetyl Al (Alliette) and
phosphorous acid (Prophyt) were similar which were
confirmed by the finding of Agosteo et al. (2010) who
reported similar effects of phosphorous acid derivative
(IR8465) and fosetyl Al. The greater inhibitory activity
of dimethomorph, fosetyl Al and metalaxyl than that of
azoxystrobin was confirmed by the Matheran and
Porchas (2000). The inhibitory activity of azoxystrobin
at 250, 500 and 1000 ppm was reported by Thomas and
Naik (2017) and confirmed the findings of present
study. The findings of Peerzada (2020) confirmed the
least control of mycelial growth by chlorothalonil.

CONCLUSION AND FUTURE SCOPE

The use of fungicides in the laboratory and field
depends on their in-vitro efficacy at minimal and
economically acceptable dosages and their efficient and
rapid transport to the infection site. Indiscriminate or
inappropriate use can encourage the development of
resistance in fungi. The high level of efficacy of five
fungicides in our study (Metalaxyl, Fluopicolide,
Mandipropamid, Propamocarb and dimethomorph),
might help in alternating the use of fungicidal
treatments to prevent development of fungicide
resistance. Evaluation of MICs of ten fungicides helped
to standardize the doses of fungicides against P.
nicotianae along with traditionally used Ridomil gold
in the present study. This study will be much helpful in
future to devise fungicidal application schedule for
commercial orchards.

Acknowledgement. The laboratory and glasshouse facilities
extended by Director, ICAR-CCRI, Nagpur is duly
acknowledged.
Conflict of Interest. None.

REFERENCES

Agosteo, G. E., Marsilii, E., Pane, A., Rizza, C., Raudino, F.,
Cacciola, S. O. and di San Lio, G. M. (2010). New
effective fungicides against Phytophthora gummosis
of citrus. New effective fungicides against
Phytophthora gummosis of citrus, 2: 61-86.

Belisle, R. J., Hao. W., McKee, B., Arpaia, M. L., Manosalva,
P. and Adaskaveg, J. E. (2019). New oomycota
fungicides with activity against Phytophthora
cinnamomi and their potential use for managing

avocado root rot in California. Plant disease, 103(8):
2024-2032.

Bhai, R. S. and Anjali, C. R. (2015). Evaluation of strobilurin
fungicides Ergon 44.3% (w/w) [Kresoxim methyl 500
g L-1SC] and RIL-070/FI (72WP) against
Phytophthora capsici infection in black pepper.
Journal of Spices and Aromatic Crops, 24 (2): 73-82.

Cerkauskas, R. F., Ferguson, G. and MacNair, C. (2015).
Management of Phytophthora blight (Phytophthora
capsici) on vegetables in Ontario: Some greenhouse
and field aspects. Canadian Journal of Plant
Pathology, 37(3): 285-304.

Chi, N. M., Thu, P. Q., Nam, H. B., Quang, D. Q., Phong, L.
V., Van, N. D and Dell, B. (2020). Management of
Phytophthora palmivora disease in Citrus reticulata
with chemical fungicides. Journal of General Plant
Pathology, 86(6): 494-502.

Cohen, Y., Samoucha, Y. (1984). Cross-resistance to 4
systemic fungicides in metalaxyl-resistant strains of
Phytophthora infestans and Pseudoperonospora
cubensis. Plant Disease, 68: 137-139.

Das, A. K., Kumar, A., Ingle, A. And Nerkar, S. (2011).
Molecular identification of Phytophthora spp. causing
citrus decline in Vidarbha region of Maharashtra.
Indian Phytopathology, 64(4): 342-345.

Davidse, L., Looijen, D., Turkensteen, L., andVanderwal, D.
(1981). Occurrence of metalaxyl-resistant strains of
Phytophthora infestans in Dutch potato fields.
Netherlands of Journal of Plant Pathology, 87: 65-68.

Farih A., Menge J. A., Tsao P. H. and Ohr H. D. (1981).
Metalaxyl and efosite aluminium for control of
Phytophthora gummosis and root rot of citrus. Plant
Disease, 65: 654-657.

Ferrin, D. M., and Kabashima, J. N. (1991). 1989insensitivity
to metalaxyl of isolates of Phytophthora citricola and
P. parasitica from ornamental hosts in southern
California. Plant Disease, 75: 1041-1044.

Foster, J. M. and Hausbeck, M. K. (2010). Managing
Phytophthora crown and root rot in bell pepper using
fungicides and host resistance. Plant Disease, 94(6):
697-702.

Gisi, U. and Cohen, Y. (1996). Resistance to phenylamide
fungicides: A case study with Phytophthora infestans
involving mating type and race structure. Annual
Review of Phytopathology, 34: 549-572.

Gonzalez, M., Caetano, P. and Sanchez, M. E. (2017). Testing
systemic fungicides for control of Phytophthora oak
root disease. Forest Pathology, 47: e12343.

Gray, M. A., Hao, W., Forster, H. and Adaskaveg, J. (2018).
Baseline sensitivities of new fungicides and their
toxicity to selected life stages of Phytophthora species
from citrus in California. Plant Disease: 102, 734-742.

Gupta S. K. and Tripathi S. C. (2011). Fungitoxic activity of
Solanum torvum against Fusarium sacchari.Plant
Protection Science, 47(3): 83-91.

Hao, W., Gray, M. A., Förster, H. and Adaskaveg, J. E.
(2019). Evaluation of new oomycota fungicides for
management of Phytophthora root rot of citrus in
California. Plant Disease, 103: 619–628.

Hu, J., Hong, C., Stromberg, E.and Moorman, G. (2008).
Mefenoxam sensitivity and fitness analysis of
Phytophthora nicotianae isolates from nurseries in
Virginia, USA. Plant Pathology, 57: 728-736.

Hwang, J. and Benson, D. M. (2005). Identification,
mefenoxam sensitivity, and compatibility type of
Phytophthora spp. attacking floriculture crops in
North Carolina. Plant Disease, 89: 185-190.

Jackson, K. L., Yin, J., and Ji, P. (2012). Sensitivity of
Phytophthora capsici on vegetable crops in Georgia to



Malvi et al., Biological Forum – An International Journal 14(4): 415-423(2022) 422

mandipropamid, dimethomorph, and cyazofamid.
Plant disease, 96(9): 1337-1342.

Jackson, K. L., Yin, J., Csinos, A. S., and Ji, P. (2010).
Fungicidal activity of fluopicolide for suppression of
Phytophthora capsici on squash. Crop Protection,
29(12): 1421-1427.

Jeffers, S. N., Schnabel, G., and Smith, J. P. (2004). First
report of resistance to mefenoxam in Phytophthora
cactorum in the United States and elsewhere. Plant
Disease, 88: 576.

Jiang, L., Wang, H., Xu, H., Qiao, K., Xia, X. and Wang, K.
(2015). Transportation behaviour of fluopicolide and
its control effect against Phytophthora capsici in
greenhouse tomatoes after soil application. Pest
management science, 71(7): 1008-1014.

Kannwischer, M. E. and Mitchell, D. J. (1978). The influence
of a fungicide on the epidemiology of black shank of
tobacco. Phytopathology, 68: 1760-1765.

Kramer, W. and Schirmer, U. (2008). Modern Crop
Protection Compounds. Wiley-VCH Verlag GmbH
and Co. KGaA, Weinheim, Germany.

Matheron, M. E. and Porchas, M. (2000). Impact of
azoxystrobin, dimethomorph, fluazinam, fosetyl-Al,
and metalaxyl on growth, sporulation, and zoospore
cyst germination of three Phytophthora spp. Plant
Disease, 84: 454-458.

Meyer, M. D. and Hausbeck, M. K. (2013). Using soil-applied
fungicides to manage Phytophthora crown and root rot
on summer squash. Plant disease, 97(1), 107-112.

Naqvi, S.A.M.H. (2004). Phytophthora diseases of citrus and
management strategies. Annual Review of Plant
Pathology, 2(2): 239-270.

Nene, Y. L. and Thapliyal (2002). Fungicides in Plant Disease
Control (3rd edition). Oxford and IBH Publishing Co.
Pvt. Ltd, New Delhi.

Panabieres, F., Ali, G. S. and Allagui, M.
B. (2016). Phytophthora nicotianae diseases
worldwide: new knowledge of a long-recognised
pathogen. Phytopathologia Mediterranea, 55: 20–40.

Papavizas G. C., O’Neill N. R., Lewis, J. A. (1978).
Fungistatic activity of propyl-N-
(adimethylaminopropyl)-carbamate on Pythium spp.,
and its reversal by sterols. Phytopathology, 68: 1667–
1671.

Parra, G. And Ristaino, J. (2001). Resistance to mefenoxam
and metalaxyl among field isolates of Phytophthora
capsici causing Phytophthora blight of Bell Pepper.
Plant Disease, 85(10): 1069-1075.

Pavia, F. S., Biles, C. L., Waugh, M, Waugh, O. K., Alvarado,
R. G. and Lidell, C. M. (2004). Characterization of
southern New Mexico Phytophthora capsici Leon.
isolates from pepper (Capsicum
annuum L.). Revistamexicana de Fitopatologia, 22:
82–89.

Peerzada, S., Viswanath, H. and Bhat, K. (2020).In-vitro
studies on effect of fungicides against mycelial growth
and sporangial germination of Phytophthora infestans
(Mont) de Bary) causing late blight of
potato. International Journal of Chemical
Studies, 8(1): 2069-2075.

Qu, T., Shao, Y., Csinos, A. S. and Ji, P. (2016). Sensitivity
of Phytophthora nicotianae from tobacco to
fluopicolide, mandipropamid, and oxathiapiprolin.
Plant Disease, 100(10): 2119-2125.

Ramallo, A. C., Cerioni, L., Olmedo, G. M., Volentini, S. I.,
Ramallo, J. and Rapisarda, V. A. (2019). Control of
Phytophthora brown rot of lemons by pre-and
postharvest applications of potassium phosphite.
European Journal of Plant Pathology, 154: 975–982.

Reglinski, T., Spiers, T. M., Dick, M. A., Taylor, J. T. and
Gardner, J. (2009). Management of Phytophthora root
rot in radiata pine seedlings. Plant Pathology, 58:
723–730.

Ren, X., Ji, X., Qi, W., Meng, Z. and Qiao, K. (2018).
Evaluation of the combination of propamocarb
hydrochloride and fluopicolide for management of
black shank on tobacco. Crop Protection, 114: 12-17.

Rolando, C. A., Dick, M. A., Gardner, J., Bader, M. K. F.,
Williams, N. M. (2017). Chemical control of two
Phytophthora species infecting the canopy of
Monterey pine (Pinus radiata). Forest Pathology, 47:
e12327.

Sandler H. A., Timmer L. W., Graham J. H. and Zitko S. E.
(1989). Effect of fungicide applications on populations
of Phytophthora parasitica, and on feeder root
densities and fruit yields of citrus trees. Plant Disease,
73: 902-906.

Sheoran, O. P., Toonk, D. S., Kaushik, L. S., Hasija, R. C.
and Pannu, R. S. (1988). Statistical software package
for agricultural research workers. In: Recent Advances
in Information Theory, Statistics and Computer
Application (Hooda, D. S. And Hasija R. C.(Eds).
Department ofmathematical statistics, CCS HAU,
Hisar. pp. 139-143.

Shew, H. (1985). Response of Phytophthora parasitica var.
nicotianae to Metalaxyl Exposure. Plant Disease,
69(7): 559-562.

Shin, J. H., Kim, J. H., Kim, H. J., Kang, B. W., Kim, K. T.,
Lee, J. D. and Kim, H. T. (2010). Efficacy of
fluopicolide against Phytophthora capsici causing
pepper Phytophthora blight. The Plant Pathology
Journal, 26(4): 367-371.

Siegenthaler, T. B. and Hansen, Z. R. (2021). Sensitivity of
Phytophthora capsici from Tennessee to mefenoxam,
fluopicolide, oxathiapiprolin, dimethomorph,
mandipropamid, and cyazofamide. Plant Disease,
105(10): 3000-3007.

Sonoda R. M., Vathakos M. and Pelosi R. R. (1989).
Interaction of fosetyl-aluminum fungicide and copper
fungicides on citrus fruit and foliage. In: Proceedings
of the Florida State Horticultural Society, 102: 10-12.

Stack, J. and Millar, R. (1985). Isolation and characterization
of a metalaxyl-insensitive isolate of Phytophthora
megasperma f. sp. medicaginis. Phytopathology, 75:
1387-1392.

Taylor, R., Pasche, J. and Gudmestad, N. (2006). Biological
Significance of Mefenoxam Resistance in
Phytophthora erythroseptica and its Implications for
the Management of Pink Rot of Potato. Plant Disease,
90: 927-934.

Thomas, L. M. and Naik B. G. (2017). Evaluation of Different
Culture Media, Fungicides and Bio Control Agents on
the Growth of Phytopthora capsici Leonian. causing
Foot Rot of Black Pepper in Vitro. Chemical Science
Review Letter, 6: 279-286.

Turkulmez, S. and Dervis, S. (2017). Activity of metalaxyl-M
+ mancozeb, fosetyl-Al, and phosphorous acid against
Phytophthora crown and root rot of apricot and cherry
caused by Phytophthora palmivora. Plant Protection
Science, 53: 216–225.

Veena, S. S., Anandaraj, M. and Sarma, Y. R. (2010).
Variability in the sensitivity of Phytophthora capsici
isolates to potassium phosphonate. Indian
Phytopathology, 63: 71-75.

Vincent, J. M., (1927). Distortion of fungal hyphae in
presence of certain inhibitors. Nature, 159: 850.

Wang, H., Yang, S., Wang, M., Xia, H., Li, W., Zhang, H.,
Cao, Y., Lu, N., Shang, S. and Shi, J. (2013).



Malvi et al., Biological Forum – An International Journal 14(4): 415-423(2022) 423

Sensitivity of Phytophthora parasitica to
mandipropamid: In-vitro determination of baseline
sensitivity and in vivo fungitoxicity. Crop Protection,
43: 251-255.

Wilkinson, C. J., Shearer, B. L., Jackson, T. J. and Hardy, G.
E. S. (2001). Variation in sensitivity of Western

Australian isolates of Phytophthora cinnamomi to
phosphite in vitro. Plant Pathology, 50: 83-89.

Yan, H. U., Kai-yun, W. A., Xue-ming, X. U., Xiao-ming, X.
I., Huan-qing, Y. A. and Gang, W. A. (2006).
Inhibitory Effect of Dimethomorph on Phytophthora
parasitica var. nicotianae in China. Chinese Journal
of Pesticide Science, 8(4): 339-343.

How to cite this article: Sanhita Malvi, Jayant Bhatt, Ashis K. Das, Pratik Pali, Ashok Kumar, Aatmika Chouhan and Sanjay
Kharte (2022). Evaluation and Determination of Minimum Inhibitory Concentration of fungicides against Root Rot Pathogen of
Citrus (Phytophthora nicotianae). Biological Forum – An International Journal, 14(4): 415-423.


