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ABSTRACT

A field experiment was conducted at Anbil Dharmalingam Agricultural College and Research
Institute, Tiruchirappalli, during Winter, 2023 to study the effect of pendimethalin application using
drone on soil microbial population, nodulation, weed control and yield of green gram. The
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experiment was laid out in RBD with 12 treatments and 3 replications. The treatments consisted two
levels of pendimethalin dosage (0.75 and 1.0 kg ha™), five levels of spray fluids (40, 50, 60, 70 and
80 litres hat) for drone spray compared with manual spray of pendimethalin at 1.0 kg hal with 500
litres ha! spray fluid and control. The results revealed that significantly higher microbial population
such as bacteria (17.60 x 108 cfu/g of soil), fungi (14.90 x 103 cfu/g of soil), actinomycetes (42.60 x
10* cfu/g of soil) and rhizobium (21.30 x 10% cfu/g of soil) were recorded with no herbicide
application (unweeded control) at 30 DAS than pendimethalin 1.0 kg ha'* application either manual
or drone. The lower dose of pendimethalin 0.75 kg ha* with spray fluid of 60 litres ha* was on par
with no herbicide application treatment. Significantly higher root nodules per plant? (17.56 and
22.51) at 30 and 45 DAS was registered under drone spray of pendimethalin 0.75 kg ha? with spray
fluid of 60 litres hal. Higher weed control efficiency (72.6 %) and grain yield (747 kg hal) were
statistically superior under drone spray of pendimethalin 1.0 kg ha! with spray fluid of 60 litres ha!
over 40 or 80 litres ha! spray fluids and was comparable with lower dose of pendimethalin (0.75 kg
hat) with 60 litres hal. Thus, it can be inferred that pendimethalin at 0.75 kg ha* with spray fluid of
60 litres ha! was considered as ideal dose and spray fluid for drone application to get better soil

microbial population, nodulation, weed control efficiency and grain yield of green gram.

Keywords: Drone; nodules; microbial population; pendimethalin; dosage; spray fluid.

1. INTRODUCTION

Pulses are rich source of dietary proteins and
inseparable ingredients of vegetarian diet. India
contributes about 25 per cent of global pulse
production. India is the first largest producer of
pulses in the world [1]. Green gram (Vigna
radiata L.) is one of the most important short-
duration pulse crops, found in all type of cropping
system in India. It provides a good source of
protein (24%), fat (0.6%), carbohydrates (50%),
minerals (3.5%) and fibre (0.9%). In India, it is
cultivated in an area of 5.13 m.ha, producing
3.08 million tonnes with an average yield of 601
kg hal. In Tamil Nadu, it is grown in an area 1.61
lakh ha, producing 0.59 lakh tonnes with the
average productivity of 367 kg ha? [2]. Weeds
pose a serious threat to the growth and yield of
green gram because of more competition for
nutrients, water, space and sunlight. Yield loss in
green gram due to weeds to the tune of 60-80%
[3]. Being a short duration crop, the control of
weeds during critical period of crop weed
competition is very important so as to avoid yield
loss of green gram [4]. Hand weeding is difficult
due to non-availability of labour as well as high
cost of weeding [5]. Herbicides are controlling
weeds in very broad spectrum with appropriate
application [6]. Pre-emergence herbicide
pendimethalin used to control the weeds during
early phase of crop growth [7]. Conventionally,
herbicides are sprayed manually to control
weeds, which is time consuming, labour intensive
and costly. Further, manual spray of chemicals
causes serious health issues to human beings.
Recently, drones are being used in many
agronomic operations including spraying of

nutrient solutions [8] and herbicides [9] mainly
due to its coverage, quickly, potentially
increasing productivity and reducing labour
costs. Prior to a commercial recommendation of
drone spray, herbicide dose and spray fluid
requirement have to be optimised to have less
impact on soil nodulation, increased weed control
and grain yield. Studies on these aspects,
particularly the effect of drone application of
herbicides on soil microbial population,
nodulation, weed control and grain yield of green
gram is completely lacking. Considering these
facts in view, the present study was conducted to
optimize the pendimethalin dose and spray fluid
for drone application of herbicide in green gram.

2. MATERIALS AND METHODS
2.1 Experimental Site

The field experiment was conducted at Anbil
Dharmalingam Agricultural College and
Research Institute,  Tiruchirappalli,  during
Winter, 2022. The experimental site is located at
latitude of 10° 45’N, longitude of 78° 36’E and at
an altitude of 850 m above MSL. The soil type of
the experimental field was sandy loam in texture,
moderately drained and was sodic in nature with
a pH of 8.6. Nutrient status of soil showed that
low in available N and medium in available P
and K.

2.2 Experimental Design and Treatment
Details

The field trail was laid out in Randomized block
design (RBD) with twelve treatments and three
replications. The area of each treatment was
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137.5 m? (25 X 5.5). The green gram variety VBN
2 was sown with spacing of 30 X 10 cm. The
treatments consisted two levels of pendimethalin
active ingredient (0.75 and 1.0 kg ha), five level
of drone spray fluid requirement (40, 50, 60, 70
and 80 litres ha') for drone spray compared with
recommended manual spray of pendimethalin at
1.0 kg ha-1 with 500 litres ha! spray fluid and
control.

2.3 Spray Equipment

The AD610D model of drone was employed for
herbicide spraying. The drone height, velocity,
and GPS were pre-determined and controlled by
a well-trained operator in automatic mode during
herbicide spray. The loading capacity of drone
was 10 litres. Flat fan standard nozzle was used.
The drone's flying height was kept at one metre.
As per the treatment schedule, the spray fluid
was adjusted by pulse width modulation signal’s
duty cycle [10].

2.4 Observation

Five plants were uprooted from each plot
randomly and the roots were carefully washed,
nodules were removed and the effective number
of nodules plant! counted at 30 and 45 DAS.
The soil microbial population was enumerated at
30 and 45 DAS by serial dilution and spread
plate techniques. One gram of the soil samples
was added to six test tubes containing 9 ml of
distilled water, serially diluted, and spread over

nutrient agar [11], rose bengal agar [12],
kenknight [13] medium and yeast extract
mannitol agar [14] respectively, for the

enumeration  of  total bacteria,  fungi,
actinomycetes and rhizobium. The plates were
incubated at 28°c for 2, 4, 6 and 7 days for
bacteria, fungi, actinomycetes and rhizobium
respectively. The soil microbial population was
calculated using the following formula.

No. of colony ~ inverse of dilution taken

CFUig =
Gram of inoculumtaken

Where, CFU -
microorganisms

Colony-forming  unit  of

Dry weight of weeds in Dry waght of weeds n
unweadad control treated plot
WCE (%) = oo - X1
Dry weight of weeds n unweadead control

Q
P}

Grain yield (kg hal) was recorded from the net
plot area at harvest stage. All the recorded data

were statistically examined as applicable to RBD
[16].

3. RESULTS AND DISCUSSION

3.1 Effect of Herbicide Application Using
Drone on Rhizobium Population and
Nodulation

Rhizobium population and nodulation at 30 and
45 DAS were significantly influenced by the
herbicide application with different doses and
spray fluid using drone. The rhizobium population
(21.30 x 10°cfu/g of sail) was statistically higher
with no herbicide application at 30 DAS than
pendimethalin (1.0 kg ha) applied treatments
(Table 1). This was statistically on par with
application of pendimethalin at 0.75kg ha! with
spray fluids of 60, 70 and 80 litres hal. Higher
dose 1.0 kg ha?t exhibited lesser rhizobium
population than no herbicide application. At 45
DAS, the rhizobium population was increased as
compared to 30 DAS and the highest value
(24.09 x 105 cfu/g of soil) was noticed under no
herbicide  application. = However, it was
comparable all pendimethalin applied treatments
except treatment Ts and Tz where application of
pendimethalin 1.0 kg ha! with spray fluids of 40
and 50 litres hal. Variation in rhizobium
population was occurred mainly due to herbicide
application, herbicide dose and spray fluids
which decides the concentration under drone
application. Similar results of reduced rhizobium
population under pendimethalin application were
noticed in chickpea [17].

Drone spray of pendimethalin 0.75 kg ha* with
spray fluid of 60 litres halregistered significantly
higher number of nodules plant? (17.56) than
higher dose of pendimethalin as well as
unweeded control at 30 DAS. It was statistically
on par all the treatments which received lower
dose pendimethalin 0.75 kg ha irrespective of
spray fluids. The reason behind the increased
nodulation was application of optimum dose and
spray fluid with uniform droplets size and
coverage under drone application resulted in
effective control of weeds and reduced
competition for resources which led to increase
in number of nodules. The higher dose of
pendimethalin at 1.7 kg ha™* showed inhibitory
effects on number of nodules plant! and also
found that lower dose of pendimethalin at 0.9 kg
ha™! enhanced the number of nodules plants of
soybean [18]. At 45 DAS, all the herbicide
treatments irrespective of dose, spray fluids and
mode of application produced comparable results
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Table 1. Effect of herbicide application using drone on number of nodules plant?, rhizobium population, WCE and grain yield of green gram

Treatments Rhizobium population No. of. Nodules plant®*  WCE (%) Grain Yield
(10° cfu/g soil) (Kg ha?)
30 DAS 45 DAS 30 DAS 45 DAS 30 DAS

Ty - DS pendimethalin 0.75 kg ha* * SF 40 litres ha! 18.19 21.99 16.79 22.18 50.8 596
T, - DS pendimethalin 0.75 kg ha* * SF 50 litres ha! 18.59 22.01 16.98 22.26 58.4 642
T3 - DS pendimethalin 0.75 kg ha* * SF 60 litres ha! 19.89 22.31 17.56 2251 71.1 727
Ty - DS pendimethalin 0.75 kg ha* * SF 70 litres ha? 19.15 22.45 17.11 22.34 55.8 635
Ts - DS pendimethalin 0.75 kg ha * SF 80 litres ha? 19.49 22.89 17.29 22.42 44.7 512
Te - DS pendimethalin 1.0 kg ha* * SF 40 litres ha* 14.04 20.82 14.86 21.66 53.2 610
T, - DS pendimethalin 1.0 kg ha* * SF 50 litres ha* 15.79 20.85 14.97 21.75 68.6 697
Tg - DS pendimethalin 1.0 kg ha' * SF 60 litres ha! 16.17 21.35 15.20 22.09 72.6 747
Ty - DS pendimethalin 1.0 kg ha' * SF 70 litres ha! 16.26 21.89 15.12 21.83 67.1 681
T1o - DS pendimethalin 1.0 kg ha' * SF 80 litres ha! 16.71 21.91 15.19 21.91 48.2 567
Tu - MS pendimethalin 1.0 kg ha* * SF 500 litres ha* 17.33 21.72 15.11 21.58 66.6 680
T - Unweeded Control (No herbicide spray) 21.3 24.09 12.12 17.39 - 370
SEd 1.20 1.36 1.08 1.13 - 37

CD (P=0.05) 2.50 2.84 2.24 2.34 - 77

DS-Drone spray; MS-Manual spray; SF-Spray fluid
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of nodulation, indicated the reduced effect of
pendimethalin on nodulation except control.
Lower number of nodules plant! was recorded
under control plot both at 30 and 45 DAS mainly
due to higher weed interference and competition
for resources which ultimately reduced the
nodulation. Similarly, the control plot recorded
minimum root nodules, due to more crop weed
competition for resources like nutrients, light and
moisture [19].

3.2 Effect of Herbicide Application Using
Drone on Soil Microbial Population

Application of pendimethalin with two doses and
different spray volumes using drone significantly
influenced soil microbial population. Bacterial
population (17.60 x 10% cfu/g of soil) was
significantly  greater under no herbicide
application than pendimethalin applied plots at
30 DAS. Between the doses of pendimethalin,
lower dose 0.75 registered more bacteria than
higher doses irrespective of spray fluid. Minimum
bacterial population was noticed with application
of pendimethalin 1.0 kg ha* with spray fluid of 40
litres ha than other treatments. Application of
pendimethalin at 1.0 kg ha? reduced the
microbial population through stimulation or
inhibition of synthesis of specific enzymes,
effects on cellular membranes, modifications to
transport and excretion processes which resulted

in killing of microorganisms [20]. With regard to
fungi, higher population (14.90 x 103 cfu/g of soil)
was noticed with no herbicide application than
pendimethalin 1.0 kg ha! applied plots at 30
DAS. However, it was statistically comparable
with drone application of pendimethalin 0.75 kg
hal irrespective of all the spray fluids. Even
though, the actinomycetes population (42.60 x
10* cfu/g of soil) was numerically higher under
control plot, it was statistically comparable with
all the pendimethalin applied plots.

At 45 DAS, microbial
significantly varied with various treatments.
There was an initial reduction in microbial
population was noticed at 30 DAS and later the
microbial count was increased at 45 DAS mainly
due to the end of the half-life period (24.4 to 34.4
days) of pendimethalin [21]. Pendimethalin have
toxic effect on microorganisms, but the microbes
degrade the herbicide residue and emit carbon,
resulted in increased soil microbial population at
later period [22]. Application of pendimethalin
using drone reduced the microbes at higher dose
with lower spray fluid (pendimethalin 1.0 kg ha?
with spray fluid of 40 litres hal) mainly due to
increased herbicide concentration. Whereas, the
lower dose with higher spray fluids reduced the
herbicide concentration showed increased
microbial population indicates that herbicide dose
could to be reduced under drone application.

population was not
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=
TREATMENTS
= Bacteria at 30 DAS ~ Bacteria at 45 DAS i Fungi at 30 DAS
- Fungi at 45 DAS xActinomycetes at 30 DAS = Actinomycetes at 45 DAS

Fig. 1. Effect of various doses of pendimethalin with different spray fluid on microbial
population of green gram at 30 and 45 DAS
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3.3 Effect of Herbicide Application Using
Drone on Weed Control Efficiency

Application of pendimethalin 1.0 kg ha?l with
spray fluid of 60 litre ha' using drone recorded
higher WCE (72.6%) at 30 DAS than other
treatments (Table 1). However, this was on par
with pendimethalin 0.75 kg ha* with spray fluid of
60 litre/ha (68.6%), pendimethalin 1.0 kg hat
with spray fluids of 50 and 70 litre ha'l and
manual spray. Spraying of optimum dose of
herbicide and spray fluid provided wider area
coverage, greater number of droplet deposits on
the soil surface and uniform dissipation of
pendimethalin which resulted in reduced weed
density [23]. Drone application of pyrazosulfuron-
ethyl at 25 g ha? recorded higher WCE in rice
[24]. Minimum WCE (44.7%) was obtained with
pendimethalin 0.75 kg ha with spray fluid of 80
litre hat. Manual spray of pendimethalin 1.0 kg
hal with spray fluid of 500 litres ha registered
the WCE of 66.6% which was 6% less than
drone application with 60 litre ha? spray fluid.
The enhanced the weed control efficiency due to
lower weed dry weight [25].

3.4 Effect of Herbicide Application Using
Drone on Yield

Pendimethalin  application  through  drone
positively influenced the green gram yield.
Among the treatments, drone application of
pendimethalin 1.0 kg ha! with spray fluid of 60
litres hal exhibited statistically higher grain yield
(747 kg hal) over other treatments and control
(Table 1). But it was comparable with application
of pendimethalin at 0.75 kg ha with spray fluid
of 60 litres ha?' (727 kg ha?), application of
pendimethalin at 1.0 kg ha! with spray fluids of
50 litres ha’(697 kg ha?), 70 litres hal (681kg
ha') and manual spray of pendimethalin 1.0 kg
hal with spray fluid of 500 litres hal (680 kg ha-
1). Use of drone for spraying pendimethalin either
0.75 or 1.0 kg ha* with spray fluid of 60 litres ha'!
performed better than the other treatments
because of increased spray droplet and uniform
coverage of herbicide over the soil surface under
drone application resulted in increased weed
control favoured better utilization resources,
increased nodulation, improved growth and yield
parameters, source sink relationship and
ultimately higher grain yield. Similarly, increased
WCE and grains of maize under drone spray of
atrazine with spray fluid of 80 litre ha' [26].
Even though, pendimethalin had inhibitory effect
on soil microbial population during initial period,
but they did not affect the yield [27] and [28]. The

control plot registered the lowest grain yield (370
kg hal) than other treatments. Application of
pendimethalin though manual as well as drone
produced statistically = comparable results
indicates that drone could be used for spraying of
herbicides under the prevailing labour scarce
situation.

4. CONCLUSION

From the experiment, the soil microorganisms
including rhizobium were reduced under
pendimethalin application as compared to no
herbicide applied plots. However, application of
pendimethalin 0.75 kg ha' using drone with
spray fluid of 60 litres ha! produced comparable
microbial population, increased nodulation and
weed control efficiency and higher grain yield as
compared to no herbicide applied plots. The
higher dose of pendimethalin 1.0 kg ha?' with
spray fluid of 60 litres ha! registered numerically
higher yield than pendimethalin at 0.75 kg ha?
but it reduced the soil microorganisms and
nodulation. Hence, it is concluded that lower
dose of pendimethalin 0.75 kg ha with spray
fluid of 60 litres ha! considered as optimum dose
and spray fluid for drone application with better
WCE, soil microorganisms, nodulation and
higher grain yield of green gram.
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