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ABSTRACT

Physical compatibility assessment of eight possible combinations with four insecticides and two fungicides were
done in the laboratory while their phytotoxic effect over the rice crop was executed in field conditions. Any sort of
incompatible phenomena (precipitation, sedimentation, slurry, gel, flakes, layering etc.) was not evident in all the eight
combinations specifying that they were physically compatible. The pH of the tested combinations were moderately
alkaline to slightly alkaline in nature. Phytotoxic symptoms (leaf tip injury, yellowing, epinasty, hyponasty, necrosis efc.)
were not found on the leaf foliage of rice crop on application of these insecticide and fungicidal combinations.
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Rice, a member of the family Poaceae is a
predominant food of man in the world and moreover, a
financial backbone of thousands of rural households
throughout the planet. Globally, Rice is cultivated in an
area of about 167 million hectares with a production
of 780 million tonnes (FAO, 2018).

It is likely that with the beginning of favourable
conditions, insect-pests and diseases like leaf folder,
stem borer, BPH and sheath blight co-exist in the field.
Pressurized by such an alarming co-existence, the
farmer is compelled to go for spraying of insecticide
and fungicidal mixtures in haste to put a check to the
immediate crop loss - saving money, time, labour and
energy, failing to check whether the tank mix is
recommended or not. The inimical consequences of
incompatible insecticide and fungicidal mixtures pave
way for incautious expenditure and also appalling crop
loss. To overcome these pernicious consequences and
to enjoy the advantages of tank mixtures, the farmers
must have a sound knowledge regarding the
compatibility status of the insecticide and fungicidal
mixture he desires to use. Reckoning with this fact,
the present study was undertaken.

MATERIAL AND METHODS

The present investigation was executed in the
laboratory and college farm of Agricultural College,
Naira during kharif, 2019.

Assessment of Physical Compatibility between
Insecticides and Fungicides

The physical compatibility of § combinations
comprising of 4 insecticides- Flonicamid 50 WG @
0.4 g/l, Pymetrozine 50 WG @ 0.6 g/l, Chloran-
traniliprole 18.5 SC @ 0.3g/1, Acephate 75 SP @ 1.5

g/l and two fungicides- Difenoconazole 25 EC @ 0.5
ml/l, Azoxystrobin 23 EC @ 0.75 ml/l were assessed
using jar compatibility test. The treatment details used
in testing the physical compatibility of insecticide and
fungicidal mixtures include T, Flonicamid 50 WG +
Difenoconazole 25 EC @ 0 4 g/l + 0.5 ml/l, T,
Pymetrozine 50 WG + Difenoconazole 25 EC @ 0. 6
g/l + 0.5 ml/l, T, Chlorantraniliprole 18.5 SC +
Difenoconazole 25 EC @ 03 g/l + 0.5 ml/l, T,
Acephate 75 SP + Difenoconazole 25 EC @ 1.5 g/l +
0.5ml/l, T, Flonicamid 50 WG + Azoxystrobin 23 EC
@ 0.4 g/l +0.75 ml/l, T, Pymetrozine 50 WG +
Azoxystrobin 23 EC @ 0 6 g/l +0.75 ml/l, T
Chlorantraniliprole 18.5 SC + Azoxystrobin 23 EC @
0.3 g/1+0.75 ml/l, T, Acephate 75 SP+ Azoxystrobin
23EC@ 1. 5g/1+075 ml/L.

To conduct the test, One litre capacity glass
jars with lids were cleaned and were filled with 500 ml
water. This water was taken from the same source
that was used to fill the tank during the pesticidal spray.
The test insecticides/fungicides (undiluted chemical as
per dilution factor) were added in the order- Wettable
Powder (WP), Wettable granules (WG), Soluble
Concentrates (SC), Soluble Powder (SP), Soluble liquid
(SL) and finally compatibility adjuvant. The volume of
this insecticidal and fungicidal mixture was made upto
one litre. The mixture was agitated (stirred) after each
addition. The jars were covered firmly with lids and
were turned up and down 10 times and were left aside
undisturbed. Observations were noted after 1 hr, 6 hrs
and 24 hrs for incompatible phenomena like flakes,
precipitate, gel, slurry etc. Further, pH of the individual
fungicides, insecticides and their combinations was
recorded and interpreted according to Bickelhaupt
(2012) as detailed below:
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Extremely Acidic <4.5
Very Strongly Acidic 45-5.0
Strongly Acidic 5.1-55
Moderately Acidic 5.6-6.0
Slightly Acidic 6.1 -6.5
Neutral 6.6 —7.3
Slightly Alkaline 74 -17.8
Moderately Alkaline 79 -84
Strongly Alkaline 85 -9.0
Very Strongly Alkaline : > 9.1

Assessment of Phytotoxic incompatibility of
Insecticide and Fungicidal mixtures

To test the phytotoxic incompatibility of
insecticide and fungicide combinations, Paddy, MTU
— 7028 (Swarna) seedlings were transplanted in 0.05
acres. This field was split into 9 equal plots (8 plots for
experiment and 9" plot — untreated control) with Im
spacing between each plot. Each plot consists of 2
rows of paddy seedlings transplanted with a spacing
of 20 X 15 cm?.

Preparation of Insecticide and Fungicide
mixtures

A total of nine treatments comprising of 8
pesticidal combinations whose physical compatibility
was tested and one untreated check were imposed in
the experimental plots. For each treatment, insecticide
and fungicide mixtures of one litre were made
according to the dosages already mentioned previously
and imposed with 3 replications. These prepared
insecticide and fungicide combinations were sprayed
at 20, 45 and 60 DAT with Knapsack sprayer onto the
rice foliage evenly. Observations were taken one day
prior spraying and also on 1, 3, 5, 7 and 10 days
following spray. The foliage was carefully examined
for distinguishing features like leaf tips and surface
injury, necrosis, wilting, vein clearing, hyponasty,
epinasty whose extent was noted using phytotoxicity
scale. The extent of phytotoxicity was recorded based
on the scale prescribed by Central Insecticide Board
and Registration Committee (CIB and RC) as
mentioned in Table 1. The per cent injury was
calculated by using the formula:
Per cent injury =

Total Grade points X 100

Max. grade X No. of Leaves observed

RESULTS AND DISCUSSION
Assessment of Physical Compatibility between
Insecticides and Fungicides

Jar compatibility test done to examine the
physical compatibility status of 8 insecticide and
fungicide combinations in the present research work
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showed that all the assessed combinations were
physically compatible with each other as there was no
evidence of incompatible phenomena like precipitation,
gel, slurry, flakes, layers etc in the jars with the mixtures
(Table 2 & Plates 1 to 8) except in two combinations,
T,and T,i.e., acephate + difenoconazole and acephate
+ azoxystrobin (Plates 4 and 8). Though sediment could
be seen at the base of the jar containing these acephate
combinations, the mixtures were physically compatible
as the formed sediment was less than 2 ml. As per
Indian Standard Specification, when two pesticides are
mixed, sedimentation of > 2 ml/100 ml affirms that the
combination is physically incompatible.

The results acquired were similar to those
obtained by Raju et al. (2018) i.e., chlorantraniliprole
was physically compatible with the fungicides
tricyclazole, hexaconazole and propiconazole because
neither sedimentation nor foaming was observed in the
tested combined mixture. Georgia (2019) confirmed
that the combinations of chlorantraniliprole and
azoxystrobin, chlorantraniliprole and hexaconazole
were both chemically and physically compatible with
each other. Goud ef al. (2010) had reported that
propiconazole in combination with insecticides viz.,
indoxacarb and novaluron gave no foaming but a
sedimentation of 1.8 ml and 0.0 ml respectively which
was less than the limits prescribed by ISI, i.e., 2ml/
100ml was observed. Manohar (2005) concluded that
insecticide and fungicide combinations like endosulfan
and hexaconazole, spinosad and hexaconazole,
indoxacarb and hexaconazole showed no incompatible
phenomena and hence were physically compatible with
each other. Raju (2016) declared that the insecticides-
rynaxypyr, cartap hydrochloride, buprofezin,
profenophos, flubendiamide were physically compatible
with the three fungicides- tricyclazole, hexaconazole
and propiconazole because there was no foaming or
sedimentation upon mixing the pesticides.

pH of Insecticides, Fungicides and their
combinations.

Apart from jar compatibility test, pH of the
pesticides alone and also in combinations was tested,
which was presented in the Tables 3 and 4. The pH of
the insecticides alone ranged from 7.40 (Flonicamid)
to 7.90 (acephate) while the pH of the fungicides alone
was 7.80 (azoxystrobin) and 7.90 (difenoconazole). The
pH values of insecticide and fungicide combinations
ranged from 7.48 (pymetrozine + difenoconazole) to
8.04 (chlorantraniliprole + azoxystrobin). The pH
values indicated that acephate along with its
combinations, azoxystrobin individually and its mixture
with chlorantraniliprole were moderately alkaline
whereas all other combinations remained slightly
alkaline.
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Table 1. Phytotoxicity scale prescribed by CIBRC

Table 2. Jar Compatibility test of Insecticide and Fungicide mixtures at various time intervals.

Scale Phytotoxicity Scale Phytotoxicity
0 No Phytotoxicity 6 51 to 60%
1 1 to 10% 7 61 to 70%
2 11 to 20% 8 71 to 80%
3 21 to 30% 9 81 to 90%
4 31 to 40% 10 91 to 100%
5 41 to 50%

Recommended Creamy top layer in | Bottom sediment
ml (<) ml (<)
S. No. Treatments
dose
1 1h 6h | 24h | 1Th | 6h | 24h
(gormll)
1 |Flonicamid 50 WG + Difenoconazole 04405 0 0 0 0 0
25 EC
2 |Pymetrozine 50 WG + Difenoconazole 06405 0 0 0 0 0
25 EC
3 |Chlorantraniliprole 18.5 SC +
3+0. 0 0
Difenoconazole 25 EC 03+0.5 0 0 0
4 |Acephate 75 SP + Difenoconazole 25 15405 0 0 1 1 1
EC
5 Elconlcamld 50 WG + Azoxystrobin 23 04+075 0 0 0 0 0
; n ;
6 |Pymetrozine 50 WG + Azoxystrobin 23 0.6+075 0 0 0 0 0
EC
7 | Chlorantraniliprole 18.5 SC +
. 0.3+0.75 0 0 0 0 0
Azoxystrobin 23 EC
8 |Acephate 75 SP + Azoxystrobin 23 EC 1.5+0.75 0 0 1 1 1

Table 3. pH of the insecticides and fungicidal spray fluid alone and their combinations

Tr. No. Treatment Particulars pH Nature of Reaction
T, Flonicamid 50 WG 7.40 |Slightly Alkaline
T, Pymetrozine 50 WG 7.41  |Slightly Alkaline
T3 Chlorantraniliprole 18.5 SC 7.83  [Slightly Alkaline
Ty Acephate 75 SP 7.90 |Moderately Alkaline
Ts Difenoconazole 25 EC 7.80 |Slightly Alkaline
Te Azoxystrobin 23 EC 7.90 |Moderately Alkaline
T Flonicamid 50 WG + Difenoconazole 25 EC 7.57  |Slightly Alkaline
Ts Pymetrozine 50 WG + Difenoconazole 25 EC 7.48  |[Slightly Alkaline
Ty Chlorantraniliprole 18.5 SC + Difenoconazole 25 EC 7.82  |[Slightly Alkaline
Tio |Acephate 75 SP + Difenoconazole 25 EC 8.01 |Moderately Alkaline
T Flonicamid 50 WG + Azoxystrobin 23 EC 7.70  [Slightly Alkaline
T2 Pymetrozine 50 WG + Azoxystrobin 23 EC 7.79  |Slightly Alkaline
T3 Chlorantraniliprole 18.5 SC + Azoxystrobin 23 EC 8.04 |Moderately Alkaline
T4+ |Acephate 75 SP + Azoxystrobin 23 EC 7.94  |Moderately Alkaline
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Table 4. Classification of the insecticidal and fungicidal mixtures according to the pH range.

S. No Nature of reaction pH range Pesticide solution

1 Extremely Acidic < 4.5 ---

2 Very Strongly Acidic 4.5-5.0 --—-

3 Strongly Acidic 5.1-55 --—-

4 Moderately Acidic 5.6 -6.0 --—-

5 Slightly Acidic 6.1 -6.5

6 Neutral 6.6 —7.3 --—-
Flonicamid 50 WG
Pymetrozine 50 WG
Chlorantraniliprole 18.5 SC
Difenoconazole 25 EC

7 Slightly Alkaline 7.4 —17.8 Flonicamid + Difenoconazole
Pymetrozine + Difenoconazole
Chlorantraniliprole+ Difenoconazole
Flonicamid + Azoxystrobin
Pymetrozine + Azoxystrobin
Acephate 75 SP
Azoxystrobin 23 EC

8 Moderately Alakaline 79 -84 Acephate + Difenoconazole
Chlorantraniliprole + Azoxystrobin
Acephate + Azoxystrobin

9 Strongly Alkaline 8.5 -9.0 --—-

10 Very Strongly Alkaline > 9.1 --—-

Table 5. Per cent leaf injury values of insecticide and fungicide combinations at reccomended

doses
Recommended | Total | Mean no | Per cent
S. No. Treatments dose Grade | of leaves |leaf injury
(2 or ml/]) Points | observed
1 [Flonicamid 50 WG + Difenoconazole 25 EC 0.4+0.5 0 0 0
2 |Pymetrozine 50 WG + Difenoconazole 25 EC 0.6 +0.5 0 0 0
3 |Chlorantraniliprole 18.5 SC + Difenoconazole 25 EC| 0.3 +0.5 0 0 0
4 |Acephate 75 SP + Difenoconazole 25 EC 1.5+0.5 1 16 0.6
5 |Flonicamid 50 WG + Azoxystrobin 23 EC 0.4+0.75 0 0 0
6  |Pymetrozine 50 WG + Azoxystrobin 23 EC 0.6 +0.75 0 0 0
7  |Chlorantraniliprole 18.5 SC + Azoxystrobin 23 EC 0.3 +0.75 0 0 0
8  |Acephate 75 SP + Azoxystrobin 23 EC 1.5+0.75 2.5 30 0.8

Therefore, these results proclaim that when
the combinations of pesticides were mixed in the water
used for spraying with a pH of 7.71, whose nature
was slightly alkaline, all the tested insecticides and
fungicides alone or in combination retained more or
less the pH of the water (7.71) in which they were
mixed (water was taken from the same source that
was used to fill the tank during the pesticide spray).
Moderately alkaline to slightly alkaline pesticides, upon
combinations, remained in these categories or just

shifted among these two categories, without any
deviation from their basic state, i.e., alkaline. For
instance, Flonicamid and pymetrozine which were
slightly alkaline retained the same nature even when
mixed with azoxystrobin and difenoconazole while,
acephate which was moderately alkaline showed the
same nature in all its mixtures with the tested fungicides
(azoxystrobin and difenoconazole). Difenoconazole
was slightly alkaline and azoxystrobin was moderately
alkaline. When chlorantraniliprole (slightly alkaline) was
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Plate 1 : Mixture of Flonicamid pjate 2: Mixture of Pymetrozine Plate 3: Mixture of

and Difenoconazole and Difenoconazole Chloran-traniliprole and

Difenoconazole

Plate 4: Mixture of Acephate  Plate 5: Mixture of Flonicamid Plate 6: Mixture of
and Difenoconazole and Azoxystrobin Pymetrozine and Azoxystrobin

Plate 7: Mixture of Chlorant- Plate 8: Mixture of Acephate Plate 9 : Dried leaf tip observed
raniliprole and Azoxystrobin  and Azoxystrobin in the treatment Acephate 75 SP +
Difenoconazole 25 EC



Plate 10 : Slight yellowing of the leaf margins
observed in the treatment Acephate 75 SP
+ Azoxystrobin 23 EC

combined with difenoconazole, the mixture remained
slightly alkaline while the combination of
chlorantraniliprole and azoxystrobin was moderately
alkaline in nature. Hence, much difference in the pH
was not observed even when insecticides and
fungicides were mixed and was mainly dependent on
the pH of the water in which they were mixed. Closely
related results were attained by Georgia (2019), who
concluded that azoxystrobin (moderately alkaline) upon
combination with moderately alkaline triazophos,
chlorantraniliprole or acetamiprid exhibited moderately
alkaline nature. Raju et al. (2018) also stated that, in
the pH test conducted for the mixtures of insecticides
and fungicides like rynaxypyr, cartap hydrochloride,
propiconazole, hexaconazole efc., though there were
minor pH changes noticed towards alakalinity or acidity,
the bio-efficacy of either the straight insecticides,
fungicides or their mixtures was not reduced.

Phytotoxic effects of Insecticidal and Fungicidal
mixtures on Rice crop.

In the present investigation, the mixtures of
insecticides (Flonicamid, pymetrozine, acephate,
chlorantraniliprole) and fungicides (azoxystrobin,
difenoconazole) when sprayed on rice crop to observe
the development of any phytotoxic symptoms on the
crop showed no symptoms like leaf tip injury, surface
injury, necrosis, wilting, vein clearing, hyponasty,
epinasty on the crop in any of the treatments except in
acephate combinations, i.e., acephate + difenoconazole
(1.5 g/1 + 0.5 ml/l) and acephate + azoxystrobin (1.5 g/
1+ 0.75 ml/1). In these treatments imposed plots, the
drying of paddy foliage tips was noticed (Plates 9 and
10). When the per cent injury was calculated (Table
5), it was noticed that treatments acephate +
difenoconazole (1.5 g/l + 0.5 ml/l) and acephate +
azoxystrobin (1.5 g/l + 0.75 ml/l) had secured per cent
injuries of 0.6 and 0.8, respectively. These values are
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less than 1.0, which indicates ‘no phytotoxicity’ on
visual rating scale according to Central Insecticide
Board and Registration Committee. Therefore, it can
be concluded that all the experimented pesticide
combinations did not show any phytotoxic effect on
the crop.

The results were in similar lines to those proved
by Goud et al. (2010), who reported that insecticides
viz., novaluron, cartap hydrochloride, indoxacarb,
spinosad and fungicides viz., propiconazole,
azoxystrobin, chlorothalonil and tebuconazole showed
no symptoms indicating phytotoxicity when sprayed
alone and also in combination on chilli plants.
Bhuvaneswari and Raju (2013) reported that 6
insecticides (pymetrozine, acephate, chlorantraniliprole,
dinotefuron, buprofezin, imidachloprid + ethiprole)
combined with 3 fungicides viz., validamycin,
hexaconazole, tebuconazole + trifloxystrobin didn’t
show any phytotoxic symptoms on the rice crop. Seni
et al. (2017) also worked upon compatibility and
affirmed that all the tested combinations of insecticides
and fungicides, i.e., flubendiamide, buprofezin,
triazophos, hexaconazole and tricyclazole when
combined together (insecticide + fungicide) showed
no phytotoxicity on paddy and all the combinations were
compatible with each other. Suganthy et al. (2010)
also reported that imidacloprid when mixed with
azoxystrobin, wettable sulphur, carbendazim efc.,
produced no phytototoxic symptoms on bhendi, chilli
and cotton crops. Similar line of research work
conducted by Prajapati et al. (2005) confirmed that
the rice foliage did not turn up with any phytotoxic
symptoms when sprayed with combinations of cartap
hydrochloride with hexaconazole and propiconazole.

CONCLUSION

Based on the above results and discussions, it
can be concluded that all the 8 mixtures were physically
tested compatible according to ISI (Indian Standard
Specification) as they exhibited no signs of
incompatible phenomenon like sedimentation, slurry,
layering, precipitation, flocculation efc., upon their
combinations. In phytotoxic studies conducted, it was
observed that symptoms (indicating phytotoxicity) like
wilting, leaf tip injury, yellowing, epinasty, necrosis,
hyponasty etc., did not appear on the leaf foliage. This
vividly affirms that the test combinations are safe for
application on the rice crop without posing any problem.
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