EXECUTIVE SUMMARY
The mandate of ICAR-Directorate of Weed Research is
to undertake basic, strategic and applied researches for
developing efficient weed management strategies in
different agro-ecological zones; provide leadership at
country level in weed science and coordinate the network
research with state agricultural universities for generating
location-specific technologies for weed management in
different crops, cropping and farming systems; act as a
repository of information in weed science; act as a centre for
training on research methodologies in the area of weed
science and weed management; collaborate with national
and international agencies in achieving the above
mentioned objectives and to provide consultancy.
Research programmes at the Directorate have been
grouped under five themes viz. development of sustainable
weed management practices in diversified cropping
systems; weed dynamics and management under the
regime of climate change and herbicide resistance; biology
and management of problematic weeds in cropped and noncropped areas; monitoring, degradation and mitigation of
herbicide residues and other pollutants in the environment;
on-farm research and demonstration of weed management
technologies and impact assessment. The salient research
achievements of the Directorate during 2016-17 are
presented in this executive summary.
Development of sustainable weed management practices
in diversified cropping systems
●

Atrazine residues were found in the soil samples at
harvest collected from maize field. The mean value of
atrazine residues present in the soil of conventional
tillage plots was 4.8 g/ha, whereas it was 18.4 g/ha in
the soil of zero tillage + crop residues.

●

In wheat, highest weed control efficiency (97.42 %) was
recorded with pendimethalin (750 g/ha)mesosulfuron + iodosulfuron (12 + 2.4 g/ha) closely
followed by mesosulfuron + iodosulfuron (12 + 2.4
g/ha) at 25 DAS - 1 HW at 40 DAS. Among the different
weed control treatments, highest grain yield (5.61 t/ha)
of wheat was recorded with two hand weeding (20 and
40 DAS) closely followed by mesosulfuron +
iodosulfuron (12 + 2.4) fb -1 HW (5.48 t/ha).

(i)

●

In soybean, maximum weed control efficiency (93.7 %)
was recorded with two hand weeding (20 and 40 DAS)
closely followed by imazethapyr (100 g/ha) fb - one
hand weeding (87.6%). Among the different weed
control treatments, maximum seed yield (1.05 t/ha) of
soybean was found with two hand weeding closely
followed by imazethapyr (100 g/ha) fb one hand
weeding (0.86 t/ha).

●

Studies on application of technological forecasting in
slow release formulations of herbicides have been
initiated. Organo-clays are the substance which is
mainly used as sorbents which has shown their
usefulness for herbicide supports to prolong the
efficacy of soil-applied herbicide. Non-linear models
are being used to find the technological trend. Different
models viz. Fisher pry/pearl, Gompertz and LotkaVolterra substitution models are being tried to fit the
data.

●

In greengram crop grown in summer 2016, the highest
yield recorded was in ZT+R (1.08 t/ha) followed by
ZT, MT and CT.

●

In rice, the lowest weed density was recorded with CT
(5.19 no./m²), but the lowest weed dry weight was
recorded with MT (4.84 g/m²). However, no significant
difference was observed for grain yield and energy
output among the tillage and weed management
practices, but the very least energy use efficiency was
recorded with the ZT+R (1.89).

●

In the rice crop, using spray volume of 250 litre resulted
in the lowest weed density (16.3 no./m²) as well as
weed dry weight (62.9 g/m²). The highest grain yield
was recorded with the flat fan nozzle type (7.09 t/ha).
Weed dry weight was significantly influenced by the
nozzle types. Further, the spraying volumes also
affected the weed control and yield significantly.

Weed dynamics and management under the regime of
climate change and herbicide resistance
●

Under climatic conditions (i.e. elevated CO2, elevated
temperature and combination of these two), E.
geniculata may dominate the greengram as well as C4
weeds like A. viridis.

●

Elevated CO2 alone or in combination with elevated
temperature will support faster population build-up of

(ii)

bioagent along with higher feeding efficiency which
resulted in more quick defoliation in comparison to
ambient conditions. On the other hand, high
temperature may be detrimental for efficacy of
bioagent in terms of defoliation percentage.
●

Growth and development of Physalis peruviana and its
weedy counterpart Physalis minima showed a slight
increase under elevated temperature as compared to
plant grown under ambient conditions. However, a
marked increase was noticed

in these parameters

when plants were grown under elevated CO2 alone or
in combination of elevated temperature. Higher
activity of SOD, APX and GR was observed in P.
peruviana as compared to that in P. minima in ambient as
well as changed climate conditions.
●

Biology of Chenopodium album and Chenopodium
ficifolium was studied, the flowering time of both the
weed species was January to April.

●

Phalaris minor, Avena ludoviciana and Medicago
polymorpha were unable to germinate (seed taken from
10 and 20 cm depth). Seeds taken from 10 cm depth, the
germination percentage of Vicia sativa, Chenopodium
album, Rumex dentatus and Asphodelus tenuifolius were
88, 84, 32 and 43%, respectively. Whereas seeds taken
from 20 cm depth, the germination of Vicia sativa,
Chenopodium album, Rumex dentatus and Asphodelus
tenuifolius was 80, 32, 4 and 2%, respectively.

Biology and management of problematic weeds in
cropped and non-cropped areas
●

Among different morphotypes of weedy rice highest
germination was observed in MRWR-69 (95%). Weedy
rice morphotypes possessed high degree of tolerance
against water deficit.

●

During survey, Parthenium was found attacked by the
shoot and root borer, which was identified as Nupserha
spp. This insect was also found to attack Xanthium
strumarium but attack was more prominent on
Parthenium.

●

An experiment was done to see the combined effect of
fungus Alternaria alternata and insect Neochetina spp.
Water hyacinth height increased from initial average
height of 18.2 to 55.5 cm in control while it was 29.4 and

(iii)

34.3 cm in treatment where Neochetina spp. and A.
alternata were added at monthly and quarterly interval,
respectively.
●

Visible impact of Neochetina spp. and A. alternata was
observed on flower suppression. The average
maximum flowers were produced in control (559.2)
while minimum (25.9) were produced in treatment
having monthly application of A. alternata and
Neochetina spp. followed by quarterly application of
Neochetina spp. and A. alternata (39.4).

●

An experiment was done to see the effect of release of
Neochetina spp. in different numbers on water hyacinth.
The average height was found increased from 10.7 to
32.0 cm in control while it could attain 22.1 cm where
bioagent Neochetina spp. were released at the rate of
200/tub. Minimum number of flowers (6.72) were
produced in treatment where 200 weevils/tub were
released followed by 150,100, 60 and 30/tub.
Maximum flowers (474.67) were produced in control.

●

An area of about 6 acre was identified for water
hyacinth management demonstration in Moti lake.
Initial spray of 2,4-D and glyphosate was done. The
semi dried water hyacinth was removed and brought
to site for compost making. Gradually, identified site
was completely cleaned. About 60 ton vermicompost
was prepared. A training programme was arranged for
the farmers and NGOs on 15/04/2016. About 60
farmers participated in the training representing
nearby villages.

Monitoring, degradation and mitigation of herbicide
residues and other pollutants in the environment
●

Bispyribac-sodium and pendimethelin and Almix
(metsulfuron + chlorimuron), were applied at 25, 750
and 20 g/ha to the paddy crop in Kharif. Herbicides
applied in the Kharif were dissipated according to first
order rate kinetics. In rice grains and straws residues
were found below the limit of quantification.

●

Mortality of fishes was not observed due to clodinafop,
metsulfuron, pendimethalin, sulfosulfuron
application during Rabi and bispyribac-sodium,
metsulfuron-methyl+chlorimuron- ethyl and
pendimethalin application in Kharif season.
quality of pond with respect to pH did not

(iv)

Water
vary

significantly after receiving runoff water from adjacent
rice field. However, pond water EC decreased with
respect to time and receiving of runoff water.
●

Bispyribac-sodium metabolites were detected in the
pond water at 90 days , however residues of parent
compound was not detected in fish and rice plant but
major metabolites were detected. Three major
metabolites of metsulfuron-methyl were detected from
soil and two from rice plants.

●

Higher persistence of metsulfuron-methyl + clodinafop
and sulfosulfuron + metsulfuron in soil was found in
Rabi even up to crop maturity.

●

Metsulfuron-methyl residues were not detected in soil
at 90 days, however its metabolite 2-amino-4-methoxy6-methyl 1,3,5 triazine urea and hydroxy-1,3,5
triazine was detected. Two metabolites of metsulfuronmethyl viz amino-4-methoxy-6-methyl 1, 3, 5 triazine
urea and hydroxy-1,3,5 triazine were also detected in
the leachates at 60 days.

●

Paraquat was chosen to evaluate its use as a defoliant
for early maturity as well as to facilitate easy manual or
mechanical harvesting of chickpea, and its residues
status was studied. Paraquat application at 0.75 to 1.0
kg/ha as defoliant enhanced the process of maturity of
chickpea and 10 day can be saved by this application.
However, paraquat application resulted in residues
which were below the maximum residue limit set for
peas.

●

Rhizobium sp. could utilize pretilachlor for their energy
source. Within 30 days, most of the applied pretilachlor
was degraded by bacteria.

●

Two microbial strains capable of transforming
topramezone were isolated from contaminated soils
and characterized as Trichoderma viride and Rhizobium
sp.

●

Among irrigation water treatments, higher
concentration of DTPA extractable heavy metals were
observed in plots irrigated with untreated drain water
as compared to tube well water. Fenugreek in plots
irrigated with untreated drain water absorbed higher
concentration of manganese than tube well water
irrigation. EDTA significantly enhanced the
manganese in leaf part of Fenugreek.

(v)

On-farm research and demonstration of weed
management technologies and impact assessment
●

On-farm research (OFR) trials were undertaken on
weed management in rice – wheat - greengram
cropping system under conservation agriculture at
Katni, Mandla, Seoni and Narsinghpur localities.

●

At Katni, in wheat, RFD (120:60:40 N, P2O5, K2O kg/ha)
+ herbicide (clodinafop + metsulfuron) 64 g/ha under
CA reduced weed population effectively by 63.5%
compared to conventional farmer's practice, produced
wheat grain yield of 5.14 t/ha, which was 47.3% higher
than farmer's practice. Higher B:C ratio of 3.44 was
recorded with the same treatment as compared to 1.81
under farmer's practice. In greengram, weed
population under RFD and herbicides (imazethapyr
100 g/ha) under CA was 76.4% less than farmer's
practice, similarly, the seed yield was 1.26 t/ha
compared to 0.87 t/ha under farmer's practice. Higher
B:C ratio of 3.90 was recorded with the same treatment
as compared to 2.10 under farmer's practice. In Kharif
rice, weed population under RFD and herbicides
(Pretilachlor 700 g PE fb bispyribac - sodium 25 g/ha)
under CA was 82.5 % less than farmer's practice,
similarly, the grain yield was 4.71 t/ha compared to
4.47 t/ha under farmer's practice. Higher B:C ratio of
3.52 was recorded with the same treatment as
compared to 2.53 under farmer's practice.

●

At Seoni, wheat sown under CA with RFD and
herbicide (clodinafop + metsulfuron) 64 g/ha was
more effective (grain yield 5.05 t/ha and B: C ratio 3.44)
over other treatments including farmers practice.
greengram sown under CA with recommended
fertilizer dose and post-emergence herbicide
imazethapyr 1000 ml/ha was more effective (grain
yield 1.70 t/ha and B: C ratio 2.82) over farmers practice
(grain yield 0.88 t/ha and B: C ratio 1.31) and other
treatments. In rice, application of bispyribac - sodium
recorded lower weed infestation as compared to
farmer's practice and other treatments. Yield improved
to the tune of 27-35% by improved weed management
technology over farmer's practice.

(vi)

●

At Narsinghpur, in wheat, use

of ready mix

combination of clodinafop + metsulfuron 64 g/ha at
25 days of growth controlled weed flora effectively in
wheat compared to farmers practice. Higher grain
yield of 4.01 t/ha with B:C ratio of 3.46 were recorded
over farmers practice. The grain yield of 3.75 t/ha with
lower B:C ratio of 2.40 were documented under farmers
practice. Application of recommended fertilizer dose
along with herbicide (Bispyribac-sodium 25 g/ha) was
more effective and produced higher grain yield (3.52
t/ha) and B:C ratio (2.36), compared to grain yield
(2.6 t/ha) and B:C ratio (1.52) of farmer's practice.
●

At Mandla, in wheat, application of recommended
fertilizer dose along with herbicide (clodinafop +
metsulfuron 64+4g/ha) under conservation
agriculture at 30 DAS resulted in the lowest weed
density and biomass and higher grain yield (4.39 t/ha),
higher net income (` 52730/ha) with higher B:C ratio of
3.81 compared to farmer's practice (conventional
tillage + high seed rate+ unbalanced fertilizer without
proper weed management). In rice, application of
recommended fertilizer dose (RFD) (120:60:40 N, P2O5,
K2O kg/ha) along with the application of herbicide
(bispyribac-Na 25 g/ha) was more effective (weed dry
weight, 32.7 g/m²; grain yield,4.24 t/ha; BCR:3.4) over
farmer's practice (high seed rate+ unbalanced fertilizer
without proper weed management) (weed dry
weight,139.4 g/m²; grain yield, 3.42 t/ha; BCR : 2.05).
In greengram, CA + imazethapyr @ 100 g/ha was
effective and gave broad spectrum weed control with
seed yield of 1.24 t/ha, as compared to 0.89 t/ha under
FP (CT + no weeding); and provided an additional net
return of ` 15,885/ha along with higher B:C ratio over
farmers practice.

●

AICRP-Weed Management centres located in different
states play very important role in providing the
technologies related to weed management to the
farmers. In a study it was found that about 80%
respondents were aware and accessed weed
management technologies through visiting DWR/
DWR centres.

●

A study was conducted to estimate the yield losses and
economic losses due to weeds using the data from a

(vii)

total of 1821 On-farm Research trials conducted by
different centres of AICRP-WM in major crops in
different states of India. It showed that potential yield
loss is very high in case of soybean which experienced
about 52-76% yield reduction followed by groundnut
where it is 45-71%. More variability was observed
among the different states in case of transplanted rice
(15-66%) and maize (18-65%).
●

A mobile app named as “Weed Manager” was
developed by the ICAR–Directorate of Weed Research,
Jabalpur. It is a user–friendly mobile app for farmers,
agriculture department officials, students, other
stakeholders and industry professionals. This app
allows users to scout crop name and identify common
dominated weeds of that particular crops with their
control measures. This mobile App is available at
Google play store.

●

Mera Gaon Mera Gaurav Programme is being conducted
in 5 villages of districts Katni, Mandla, Seoni and
Narsinghpur each. Under this programme many
activities have been carried out during the year viz., onfarm research cum demonstration trials on weed
management technologies and conservation
agriculture in different crops, organization of Kisan
Sangoshthis, various activities under Swachh Bharat
Abhiyan and Parthenium Awareness Week etc.

SS

(viii)

1

RESEARCH PROGRAMME - 1

Development of Sustainable Weed Management Practices in Diversified Cropping Systems
Since 2012, long-term studies on various aspects of
weed management in diversified cropping systems have
been undertaken. During 2016-17, emphasis was given on
weed management in conservation agriculture, effect of
sequential application of herbicides in cropping systems,
weed and energy management under different tillage
operations, evaluation of spraying techniques for low-dose
high-potency herbicide molecules and application of
technological forecasting in slow release formulations of
herbicides.

1.1

Herbicide residue studies

1.1.6

Long-term impact of weed control measures in
maize-wheat-greengram cropping system under
conservation agriculture

In Rabi 2015-16, atrazine residues were found in the
soil samples at harvest collected from maize field. The mean
value of atrazine residues present in the soil of conventional
tillage plots was 4.8 g/ha, whereas it was 18.4 g/ha in the
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soil of zero tillage + crop
residues.
In this present
experiment, it was attempted
to develop a miti gati on
method for atrazine residues
present in soil. It was found
t h a t R h i z o b i u m u t i l i s ed
atrazine as its energy source in
min i ma l me d ia an d i t
degraded atrazine into small
molecules within 25 days
(Figure 1.1). It can be a good
member of a consortium of
microbes to be applied in the
field.

Figure 1.1: Products formed from the degradation of atrazine by Rhizobium sp. in media

1.2

System-based approach to weed
management

1.2.5

Long-term effect of weed management practices
on weed dynamics and crop productivity in
soybean-wheat cropping system

An experiment was conducted during Rabi season
of 2015-16 and Kharif season of 2016 in soybean-wheat
cropping system to study the effects of pre- and postemergence herbicides on weeds and crop yields.
Wheat (Rabi, 2015-16)
Major weed flora associated in the experimental
field of wheat during 2015-16 were Medicago denticulata
(64.20%), Vicia sativa (10.91%), Euphorbia geniculata (6.98%),
Physalis minima (4.36%), Cichorium intybus (3.93%) and
Phalaris minor (3.05%). However, some other weeds like
Paspalidium sp. (2.19%), Sonchus arvensis (2.19%),
Convolvulus arvensis (1.74%) and Chenopodium album (0.43%)
were also present in very less numbers. Among the different
weed control treatments, highest weed control efficiency
(97.42%) was recorded with pendimethalin (750 g/ha) mesosulfuron + iodosulfuron (12+2.4 g/ha) closely
followed by mesosulfuron + iodosulfuron (12 + 2.4 g/ha) at
25 DAS - 1 HW at 40 DAS. Among the different weed control
treatments, highest grain yield (5.61 t/ha) of wheat was
recorded with two hand weeding (20 and 40 DAS) closely
followed by mesosulfuron + iodosulfuron (12 + 2.4)-1 HW
(5.48 t/ha) (Table 1.1).
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Soybean (Kharif, 2016)
Major weed flora observed in the experimental
field of soybean was Echinochloa colona (26.04%), Dinebra
retroflexa (10.56%), Cyperus iria (15.85%), Euphorbia geniculata
(17.35%), Convolvulus arvensis (2.63%), Commelina
benghalensis (16.23%), Physalis minima (1.90%) and
Phyllanthus niruri (9.44%). Among the different weed
control treatments, maximum weed control efficiency
(93.74%) was recorded with two hand weeding (20 and 40
DAS) closely followed by imazethapyr (100 g/ha) fb one
hand weeding (87.63%). Among the different weed control
treatments, maximum seed yield (1.05 t/ha) of soybean was
found with two hand weeding closely followed by
imazethapyr (100 g/ha) fb one hand weeding (0.86 t/ha)
(Table 1.1).
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Herbicide residue studies
Rabi
Grain samples of wheat after harvest were
extracted in suitable solvents following standard protocol.
Extracts were cleaned up and analysed chromatographically and residues of pendimethalin were found
below detectable limit. Similarly, residues of pendimethalin
were found not above detectable limit in soil sampled at
harvest.
Kharif
Soybean grain and soil samples collected at harvest
were analysed after extraction and cleaned-up through solid
phase extraction process using C-18 based porous silica
cartridges. The HPLC analysis of samples showed the
presence of imazethapyr and metribuzin below detectable
limit both in grain and soil.

1.3

Improving input use efficiency through
efficient weed management

1.3.8

Application of technological forecasting in slow
release formulations of herbicides
It is necessary to recognize that herbicides
contribute significantly to sustain and protect crops and are
thus essential for modern agriculture. However, the heavy
use of herbicides has given rise to serious environmental
and public health problems. In this sense, controlled/slow
release formulations of herbicides have become necessary in
recent years, since they often increase herbicide efficacy at
reduced doses. Therefore, it was planned to apply
technology forecasting in slow release formulations of
herbicides.
Technology forecasting (TF) is the qualitative
and/or quantitative prediction with stated level of
confidence of feasible and/or desirable characteristics of
performance parameters of future technologies given a
specific time frame also with specified level of support
(policy, capital, human resource and infrastructural needs).
TF is needed for better planning and future preparedness,
enlarging the choice of opportunities, setting priorities and
assessing impact and chances, etc.
In order to perform the technological forecasting in
slow-release formulations of herbicides, literatures have
been collected to study different parameters in the use of
slow release herbicides. Publications including patents
related to slow release formulations of herbicides have been
collected for scientometrics study. Scientometrics method is
an important tool to monitor early signals of new
technological developments. Information was collected on
molecules which were made as slow release herbicides. Data
were collected on substance responsible for their slow
release. Analytic Hierarchy Process (AHP) is being used for
text mining. AHP is a multi–criteria decision making
method developed by Saaty and is one of the best known
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which allows both qualitative and quantitative approaches
to solve complex decision problems. The method involves
modelling the complex problem into a hierarchical structure
which consists of the goal, criteria and sub criteria. The
subjective evaluations are converted into score on 1-9
scaling method and calculate the weight then we can rank
the values. Results showed that organo-clays are the
substance which is mainly used as sorbents which has
shown their usefulness for herbicide supports to prolong the
efficacy of soil-applied herbicide. Non-linear models are
being used to find the technological trend. Different models
viz. Fisher pry/pearl, Gompertz and Lotka-Volterra
substitution models are being tried to fit the data.
The Pearl or the logistic model is given by

Here
y

–

study variable at time t

L

–

upper limit to the growth of the variable of y

a

–

function of value of y at time t=0

r

–

growth rate

For fixed L, the values of r and a are usually
estimated by non-linear fitting under TF domain.
The Gompertz model is given by

1.4

Standardization of spraying techniques and
mechanical tools for weed management

1.4.1

Weed and energy management under different
tillage operation for rice-mustard-greengram
cropping system

A field experiment was initiated during summer
season of 2016 in rice-mustard-greengram cropping system
to study the effective weed management and energy use
pattern.
Greengram (summer, 2016)
The major weed flora observed in the greengram
crop grown in summer 2016 comprised of Euphorbia hirta,
Chenopodium album, Physalis minima, Brachiaria eruciformis
Cynotis sp. and others. The germination was delayed and
no-plant patches were observed in ZT+R at initial stages.
The higher number of pods per plant (56.6) and better crop
establishment was observed in ZT followed by ZT+R, MT
and CT. But the yield recorded was highest in ZT+R (1.08 t
/ha) followed by ZT, MT and CT. The obtained results are
shown in Figure 1.2.
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Values in numbers
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b. Treatment effect on greengram yield
ZT+R: Zero tillage with crop residue; ZT: Zero tillage; MT: Minimum tillage; CT: Conventional tillage;
W1: Herbicide + 1 hand weeding; W2: Herbicide; W3: Weedy check

Rice (Kharif, 2016)
The major weed flora observed in the rice crop
grown in Kharif 2016 comprised of Dinebra, Alternanthera,
Physalis, Cyperus, Commelina, Caesulia, Echinochloa, Eclipta,
Ludwigia and others. The different tillage and weed
management practices significantly influenced the
emergence of different weed flora, crop establishment,
energy output and energy use efficiency (Table 1.2). The
lowest weed density was recorded with CT (5.19 no./m²),
but the lowest weed dry weight was recorded with MT (4.84
g/m²). However, no significant difference was observed for
grain yield and energy output among the tillage and weed
management practices, but very least energy use efficiency
was recorded with the ZT+R (1.89).
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Treatment

Weed density
(no./m 2)

Weed dry
weight (g/m 2)

Gain yield
(t/ha)

Energy output
(in 105 MJ/ha)

Energy use
efficiency

ZT+R

5.5 (30.7)

5.1 (26.6)

5.98

1.79

1.90

ZT

6.5 (43.6)

5.8 (33.9)

5.98

1.74

10.70

MT

5.3 (28.4)

4.8 (29.4)

5.98

2.04

12.30

(CT)

5.2 (27.1)

6.9 (51.3)

6.06

1.98

11.20

NS

NS

NS

NS

2.80

Bispyribac (25 g/ha) + 1 HW

5.1 (26.0)

4.3 (19.1)

6.16

1.83

8.40

Bispyribac (25 g/ha)

5.4 (30.0)

5.4 (30.4)

6.05

1.87

9.10

Weedy check

6.3 (41.3)

7.3 (56.5)

5.78

1.98

9.60

LSD (P=0.05)

1.0

1.2

NS

NS

NS

Tillage practices

LSD (P=0.05)
Weed management

ZT+R: Zero tillage with crop residue; ZT: Zero tillage; MT: Minimum tillage; CT: Conventional tillage; W1: Herbicide + 1 hand weeding;
2

3

W : Herbicide; W : Weedy check. Weed data subjected to square root transformation; original values are in parentheses

1.4.2

Evaluation of spraying techniques for low dose
high-potency herbicide molecules

A field experiment was initiated during Kharif
season of 2016 in rice to standardize the spraying techniques
for low dose high potency herbicide molecules.
Rice (Kharif, 2016)
The major weed flora observed in the rice crop
grown in Kharif 2016 comprised of Dinebra, Alternanthera,
Physalis, Cyprus, Commelina, Caesulia, Echinochloa, Eclipta,
Ludwigia and others. The different nozzle types and
spraying volumes significantly influenced the emergence of
different weed flora, crop growth and grain yield. The
lowest weed density (16.3 no./m2) as well as weed dry
2
weight (62.9 g/m ) was recorded with spraying volume of
250 litre. The highest grain yield was recorded with the flat
fan nozzle type (7.09 t/ha). Weed dry weight was
significantly influenced by the nozzle types. Further, the
spraying volumes also affected the weed control and yield
significantly (Table 1.3).
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Weed density (m2)
2
(no./m )

Weed dry weight (g/m 2)

Gain yield (t/ha)

Flat fan

4.2 (18.0)

8.6 (86.8)

7.09

Flood jet

4.5 (22.2)

7.1 (55.0)

5.66

NS

0.1

0.53

250

4.0 (16.3)

7.4 (62.91)

6.75

500

4.7 (23.9)

8.4 (78.9)

6.01

2.4

0.69

0.32

Bispyribac (25 g/ha) + 1 HW

3.5 (12.6)

5.6 (32.2)

6.77

Bispyribac (25 g/ha)

4.5 (20.7)

6.4 (40.6)

6.25

Weedy check

5.0 (26.9)

11.7 (189.9)

6.12

LSD (P=0.05)

0.71

0.75

0.36

Treatment
Nozzle type

LSD (P=0.05)
Spraying volume (litre)

LSD (P=0.05)
Weed management

* [kjirokjksa ds eku (x+0.5) esa ifjofrZr( dks"Bd esa ewy la[;k vafdr gSA
* Weed data subjected to (x+0.5) transformation; original values are in parentheses

Application of herbicide for rice crop
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Weed dynamics and management under the regime of climate change and herbicide resistance
Weeds have a greater genetic diversity than crops.
Consequently, if the availability of a resource changes
within the environment, it is more likely that weeds will
show more growth and reproductive response as compared
to their crop counterparts. So far, available evidences show
that the rise in CO2 induces growth stimulation without any
discrimination between desirable (crops) and undesirable
(weeds) plants. Changes in temperature and atmospheric
CO2 concentration are likely to have significant effects on
weed biology and crop-weed interactions. Behaviour of
invasive and agronomic weeds with changing climatic
regimes is poorly understood, so far. Herbicide resistance in
weeds has been an issue which can be a critical factor for
future production and productivity. Since the advent of
herbicides for weed management, repeated and excessive
use of herbicides of similar mode of action may lead to
herbicide resistances in weeds. Thus, understanding
behaviour of weeds and development of herbicide
resistance under climate change regime seems to be an
urgent need. Weed identification are crucial for the seed
producers, scientists, farmers and policymakers. Keeping in
view these aspects, the research programme has been
focused on understanding complex behavior of crops and
weeds and their interactions, development of herbicide
resistance in weeds under the regime of climate change.
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2.1

Effect of climate change on crop-weed
interactions, herbicide efficacy and
bioagents

2.1.1

Effect of elevated CO2 and temperature on
summer greengram and associated weed species
(Euphorbia geniculata and Amaranthus viridis)
Effect of elevated CO2 (550 ± 50 ppm) and elevated
o

temperature (ambient + 2.0 ± 0.5 C) on summer greengram
and weed species (Euphorbia geniculata and Amaranthus
viridis) was studied in open top chambers (OTCs). Sampling
was done at 42 DAT for different growth, physiological and
biochemical parameters. Enrichment of atmospheric CO2
had a positive effect on overall growth of greengram as well
as weed species. Promotion in growth at elevated CO2 can be
attributed to the higher dry matter accumulation in above
ground parts of all the three species. Maximum increase in
dry matter production was evident in E. geniculata while
minimum increase was noticed in A. viridis (a C4 weed). Rate
of photosynthesis increased while rate of transpiration
decreased at elevated CO2 in greengram to considerable
level while such effects were not that prominent in C4 weed
(A. viridis). On the other hand, E. geniculata showed an
increase in photosynthesis, while no decrease in
transpiration was observed at elevated CO2 suggesting a
unique adaptive potential of this weed at elevated CO2
(Figure 2.1). Elevated temperature alone or in combination
with elevated CO2 resulted shortening of vegetative phase
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associated with quicker maturity. Species-specific
expression of enzymes and genes involved in antioxidant
defence pathway was evident under climate change
conditions (Figure 2.2). E. geniculata exhibited stronger
antioxidant defence system as compared to greengram and
A. viridis. Results of the study suggested that under climate
conditions (i.e. elevated CO2 elevated temperature and
combination of these two), E. geniculata may dominate the
greengram as well as C4 weeds like A. viridis.
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2.1.9
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Effect of elevated CO2 and temperature on
growth and development of Parthenium and
efficacy of Zygogramma bicolorata for
Parthenium management
Effect of elevated CO2 (550 ± 50 ppm) and elevated

temperature (ambient + 2.0 ± 0.5 oC) on growth of Parthenium
and efficacy of Zygogramma bicolorata was studied in open
top chambers (OTCs). Increase in growth of Parthenium was
evident under elevated CO2 . However, not much
pronounced effect of elevated temperature was noticed on
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growth and development of Parthenium. Without bioagent
(Z. bicolorata), plant height increased from initial 12.3 to 157.7
th

cm on 12 week in OTC chamber having elevated CO2 +
elevated temperature. During same period, in presence of
bioagents, plant height increased from 14.3 to 44.6 cm only.
Population dynamics and effect of elevated carbon dioxide
and temperature on efficacy of bioagent for Parthenium
control was worked out. Results imply that elevated CO2
alone or in combination with elevated temperature will
support faster population build-up of bioagent along with
higher feeding efficiency which resulted in more quick
defoliation in comparison to ambient conditions. On the
other hand, high temperature may be detrimental for
efficacy of bioagent in terms of defoliation percentage.
2.1.1.2

Effect of elevated CO2 and temperature on
Physalis peruviana and Physalis minima
Effect of elevated CO2 (550 ± 50 ppm) and elevated

temperature (ambient + 2.0 ± 0.5 oC) on Physalis peruviana
and its weedy counterpart Physalis minima was studied in
open top chambers (OTCs). Inherently, P. peruviana showed
more growth as compared to Physalis minima. At 60 DAT,
growth and development parameters (i.e. dry weight of
shoot and root, dry matter of whole plant, leaf area and
relative growth rate) showed a slight increase under
elevated temperature as compared to plant grown under
ambient conditions. However, a marked increase was
noticed in these parameters when plants were grown under
elevated CO2 alone or in combination of elevated
temperature. Similarly, rate of photosynthesis was also
increased in both the species under all the treatments as
compared to control (ambient). Activity of antioxidant
defence enzymes (SOD, GR, catalase, guaiacol peroxidise
and APX) changed differentially with the treatments.
Higher activity of SOD, APX and GR was observed in P.
peruviana as compared to that in P. minima in ambient as well
as changed climate conditions.
2.3.1

Collection, characterization and documentation
of weeds of India
Seeds of weed plant sample of 40 weed species

were collected, dried, poisoned and pasted on the
herbarium sheet for herbarium preparation. Quality
photographs (30 weeds) were taken for different parts of
weeds such as inflorescence, flowers, whole plant, seeds etc.
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2.3.2 Weed biology of Chenopodium album and
Chenopodium ficifolium
Chenopodium album L.
Herb, annual, 54-91 cm tall, erect, branched. Stems
yellowish to green, green-striated, sometimes reddish or
with red spots at leaf axils. Leaves (7-8.6 cm long), reddish
petiole, rhombic-ovate to lanceolate, clearly longer than
broad, base narrowly to broadly cuneate, margins
irregularly serrate, often somewhat 3-lobed, teeth mostly
acute, often unequal in size; uppermost leaves lanceolate,
usually entire. Inflorescence a variable spiciform or
cymosely branched panicle, mostly terminal. Flowers
bisexual, several per glomerule, perianth 5, stamens 5,
stigma 2, Perianth falling with fruit. Seeds 1.0 mm in
diameter, horizontal/flat round, shiny black, smooth and
margin weakly acute. Dark brown pericarp adhered on the
seed which is difficult to remove. Flowering time is JanuaryApril.

A

C

B

D

E

A. Young plant; B. Individual leaf; C. Greenish stem; D. Flower; E. Matured plant

Chenopodium ficifolium Sm.
Herbs, annual, 75-111 cm tall, erect, branched.
Stem, pinkish striate, ribbed. Leaves (6-9 cm long) petiolate,
blade hastate or look like arrow, margin usually 3-lobed;
central lobe margins almost parallel, subentire to sinuatedentate, apex obtuse or subacute, margin entire or shallowly
dentate. Inflorescence variable spiciform or cymosely
branched panicle, mostly terminal. Perianth subglobose,
densely farinose, Flowers bisexual, several per glomerule,
stamens 5, Stigmas 2, filiform. Utricle included in perianth,
falling together with it from plant; pericarp adnate to seed.
Seeds 1.0 mm in diameter, horizontal/flat round, shiny
black, smooth and margin weakly acute. Light brown
transparent pericarp adhered on the seed which is difficult
to remove. Flowering time is January - April.
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A

C

B

D

E

A. Young plant; B. Individual leaf; C. Pinkish stem; D. Flower; E. Matured plant

2.3.3

Factors affecting seed germination of
Medicago polymorpha and Echinochloa
colona

Twenty five seed each of Medicago polymorpha and
Echinochloa colona were put in petri dishes and kept in
incubator with varying day and night temperature (20/10,
25/15, 30/20, 35/25, 40/30oC). Statistics indicating that best
germination temperature for the Medicago polymorpha was
o
25/15 C, whereas few seed of Echinochloa colona were
o
germinated at 30/20 C temperature (Table 2.1). When these
Echinochloa seeds were put in the small pot filled with soil
almost 50% seeds were germinated in the month of April.
Germination of Echinochloa seed was very less, it may be due to
the high dormancy present in the seeds.

  jkr fnu rkieku dk esfMdkxks iksyhQksjek ds cht vadqj.k dk izHkko
Table 2.1: Effect of day night temperature on seed germination of Medicago polymorpha (black and yellow seed).

2.3.4

Long term effect of burial of seeds at different
depth on the germination and viability of Kharif
and Rabi weed seeds in natural soil condition

Eight Rabi weed seeds were kept at 10 and 20 cm
depth in weed cafeteria plots and after one year taken out for
germination test. Seeds of Cichorium intybus become rotten
at both depths. Remaining seven weed seeds were kept for
germination in petri dishes, of which Phalaris minor, Avena
ludoviciana and Medicago polymorpha were unable to
germinate (seed taken from both depth). In seeds taken from
10 cm depth, the germination percentage of Vicia sativa,
Chenopodium album, Rumex dentatus and Asphodelus
tenuifolius were 88, 84, 32 and 43%, respectively. Whereas
seeds taken from 20 cm depth, germination of Vicia sativa,
Chenopodium album, Rumex dentatus and Asphodelus
tenuifolius was 80, 32, 4.4 and 2.2%, respectively.

22

3

RESEARCH PROGRAMME - 3

Many weeds have assumed serious status in
cropped and non-cropped areas in recent past. In cropped
area, weeds like parasitic weeds (Orobanche, Cuscuta),
weedy rice, etc. are well known problematic weeds. In noncropped situations, weeds like, Parthenium, Chromolaena,
Saccharum, Mikania etc. have gained national importance.
The floating weeds like water hyacinth, alligator weed and
Pistia have gained the status of worst weeds in aquatic
situations. The programme has been taken to address
biology and management of such problematic weeds of
national importance.

3.1. Biology and management of problematic
weeds in cropped areas
3.1.2 Assessment of water deficit tolerance in weedy rice
at germination and seedling stages
Among these morphotypes highest germination
percentage was observed in weedy rice MRWR-69 (95%)
with 9.2 cm root length (Figure 3.1). The vigor index (359.68)
was also high in MRWR-69 as compared to cultivated rice
and other weedy rice during drought stress condition
(Figure 3.2). Weedy rice morphotypes possessed high
degree of tolerance against water deficit.
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Figure 3.2: Effects of water deficit on vigor index at seedling stages

3.2

Biology and management of problematic
weeds in non-cropped areas

3.2.3

Damage potential of shoot and root borer of
Parthenium

During survey, Parthenium was found attacked by
the shoot and root borer, which was identified as Nupserha
spp. Study was done on its biology and damage potential.
The beetle lays eggs on the tender shoots of Parthenium.
After hatching, grubs gradually penetrate from tender
shoots to main shoots and on maturity, gradually moved
towards roots side. Pupation takes place in the root. On
maturity, upper portion of Parthenium dies, but pupa remain
intact inside the root below the soil from which adults
emerges during next rainy season. After rain, first
emergence was recorded in the second week of July and
emergence continued till the end of August. Initially, 3-4
grubs enter into twigs and feeds on the shoot tissues due to
which twigs become weak and gradually they break from
the main plant. This action caused reduction in flowers and
subsequently on seed production. This insect was also
found to attack Xanthium strumarium but attack was more
prominent on Parthenium.
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3.3

Biology and management of aquatic weeds

3.3.3 Large scale demonstration of technology for water
hyacinth management in Moti lake at Motihari
(Bihar)
An area of about 6 acre was identified for water
hyacinth management demonstration in Moti lake. Initially
spray of 2,4-D and glyphosate was done on different
patches of water hyacinth. The semi dried water hyacinth
after treatment was removed and brought to site for
compost making. Gradually, identified site was completely
cleaned. About 60 tones vermicompost was prepared. A
training programme was arranged for the farmers and
NGOs on 15 April, 2016. About 60 farmers participated in
the training representing nearby villages.

Cleaning of lake with the help of
JCB machine and labour

Utilisation of weed biomass for composting

Training to farmers for compost making

3.3.4 Integrated management of water hyacinth using
Alternaria alternata and Neochetina spp.
Experiment was setup in September, 2015. After
one month of establishment six treatment viz., T1 - one time
application of Alternaria alternata ; T2 - one time application
of Neochetina spp.; T3 - monthly application of A. alternata;
T4 -monthly application of A. alternata and Neochetina spp.;
T5 - quarterly application of A. alternata and Neochetina spp.
and T6- control.
Water hyacinth height increased from initial
average height of 18.2 cm to 55.5 cm in control while it was
29.4 cm in treatment where Neochetina spp. and Alternaria
alternata were added at monthly interval. There was
significant decrease in height (34.32) in treatment in
comparison to control where Neochetina spp. and A. alternata
were released at quarterly interval. Maximum height in
control was observed in October and November (Figure
3.3). Dry weight was also increased significantly from initial
average 9.3 g/plant to 95.9 g/plant in control. There was
minimum increase in dry weight in the treatment where
Neochetina spp. and A. alternata were added at monthly
interval (Figure 3.4).
Flowers were produced from March to November.
There was gradual increase in flower production from
March onwards which reached maximum in the month of
June. Visible impact of Neochetina spp. and A. alternata was
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observed on flower suppression in different treatments.
The average maximum flower were produced in control
(559.2) while minimum (25.9) were produced in treatment
having monthly application of A. alternata and Neochetina
spp. followed by quarterly application of Neochetina spp.
and A. alternata (39.43) followed by one time (117.43)
application of Neochetina spp. (Figure 3.5).
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Figure 3.3: Effect of different treatments on height (cm) of water hyacinth
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Figure 3.4: Effect of different treatments on dry weight (g) of water hyacinth
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T1 : One time application of Alternaria alternata ; T2: One time application of Neochetina spp.; T3 : Monthly application of A. alternata;
T4 : Monthly application of A. alternata and Neochetina spp.; T5 : Quarterly application of A. alternate and Neochetina spp. and T6 : Control

tydqaHkh ds Qwyksa ds mRiknu ij fofHkUu mipkjksa dk izHkko
Figure 3.5: Effect of different treatment on flower production of water hyacinth

3.3.5 Number dependent population dynamics and
damage potential of bioagent Neochetina spp. on
water hyacinth
In the month of January 2016, the experiment was
started in large plastic fiber tubs. The tubs were cleaned and
new soil and water was filled. Small size water hyacinth
plants were collected from nearby Adhartal pond and were
put homogeneously in tub in such a way that, water surface
in tank was covered by water hyacinth as a mat usually
occurs in natural infestation. For good growth and
establishment of water hyacinth, 200 g dung, 40 g single
super phosphate and 10 g urea was added at per cubic
meter.
The experiment was done with seven treatments in
four replications. Bioagent Neochetina spp. at the rate of 30,
60, 100, 150 and 200 weevils/tub were released after one
month of establishment of weed in the tub. One treatment
was kept for quarterly augmentation of weevil at the rate of
30/tank. In control, no weevil was released.
Water hyacinth height increased from initial
average height of 10.7 cm to 32.0 cm in control while it was
22.1 cm in treatment where bioagent Neochetina spp. were
released at the rate of 200/tub. Growth of the weed was also
suppressed significantly in 150 and 100 weevils/tub but it
was not affected significantly in 30 and 60 no. of release/tub
than the control during one year (Figure 3.6).
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Treatment
T1 : One time release of weavil 30/tub; T2: One time release of weavil 60/tub;
T3 : One time release of weavil 100/tub; T4: One time release of weavil 150/tub;
T5 : One time release of weavil 200/tub; T6: 30/tub at quarterly interval; T7 : One time release of weavil 30/tub

Figure 3.6: Effect on height (cm) of water hyacinth with different Neochetina population

Dry weight was also increased from initial average
4.84 g to 29.1 g/plant in control. There was increase in dry
weight in the treatment where 200 no. of Neochetina spp.
were released, but it was at par with the release of 60, 100
and 150 no. of weevils, however, it was significantly lower
than the control (Figure 3.7).
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Figure 3.7: Effect on dry weight (g) of water hyacinth with different Neochetina population
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tydqaHkh esa Qwy Qjojh ds vafre lIrkg esa vkus 'kq:
gks x;s FksA lcls de Qwy 200@Vc mipkj esa mRiUu gq, vkSj
blds ckn Øe'k% 150] 100] 60 vkSj 30@VcA lcls vf/kd Qwy
¼474-67½ daVªksy esa mRiUu gq, ftlesa dksbZ dhV ugha NksM+k x;k
Fkk vkSj tgka ij tydqaHkh ij le;&le; ij dhVuk'kh dk Lizs
Hkh fd;k x;k FkkA dhVksa dk Qwy mRiknu ij izR;{k izHkko ns[kk
x;k ¼ ½A

In water hyacinth, flower started to appear from
last week of February, 2016. Minimum number of flowers
(6.72) were produced in treatment where 200 weevils/tub
were released followed by 150, 100, 60 and 30/tub.
Maximum flowers (474.67) were produced in control where
no weevil were released and water hyacinth was sprayed
with insecticide to exclude the insects. It clearly reflected the
impact of weevils in suppression of flower production due
to feeding stress by the weevils (Figure 3.8).
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fofHkUu fu;ksdsfVuk vkcknh ds lkFk Vc esa tydqaHkh ds Qwyksa ¼la[;k½ ds mRiknu ij izHkko
Figure 3.8: Effect on flower (no.) production of water hyacinth with different Neochetina population
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Persistence of herbicide residues is of great
concern as presence of herbicide residues in the soil may not
only damage the sensitive succeeding crops but also
adversely affect human and animal health due to
bioaccumulation of residues in crop produce. Due to rain
and irrigation, persisting residues are likely to move
towards subsurface soil and may contaminate ground
water. Thus project on monitoring, degradation and
mitigation of herbicide residues and other pollutants in the
environment has been initiated. Crop, water and soil
samples were evaluated to determine persistence and
bioaccumulation of various herbicides in fishes and crops
under field conditions.
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4.1.

Impact of herbicides in soil, water and non
targeted organisms and herbicide mitigation
measures

With the increasing use of herbicides for weed
control, the applied herbicide may find its way into streams
and underground water sources by runoff and leaching
mechanism. A side effect of usage of some herbicides may
results in unfortunate consequences to non-target
organisms. The most obvious effects of herbicides on fish
and other wildlife are direct effects of acute poisoning.
4.1.1

Residues of bispyribac-sodium, metsulfuronmethyl, chlorimuron and pendimethelin in soil of
rice field

Bispyribac-sodium, pendimethelin and Almix
(metsulfuron + chlorimuron) were applied at 25, 750 and
20g/ha to the paddy crop in Kharif and clodinafop+
metsulfuron-methyl (60+4 g/ha), sulfosulfuron+
metsulfuron-methyl (28+4 g/ha) and pendimethelin (750
g/ha) were applied in Rabi to wheat plots at recommended
doses. Herbicide residues/dissipation was determined in
water, soil and plants at zero days to till harvest. Water and
fishes samples were collected after herbicide application
and rain event in Kharif and after flood irrigation in Rabi
between zero to 100 days to determine bioaccumulation and
persistence of herbicides. Effect of herbicides on fishes,
mortality and water quality were also evaluated in the
respective days. All samples were processed and analyzed
for residues by HPLC.
Bispyribac-sodium residues in soil were found
0.0484 to 0.0070 µg/g at 0 to 90 days, while in plants 0.635 to
0.0387 µg/g residues were detected at 0 to 30 days. In the
water samples, 0.025 to 0.0082 µg/ml bispyribac-sodium
residues were detected at 0 to 60 days, while in the fishes,
residues were below <0.001 µg/g at 60 days. Metsulfuronmethyl residues in Kharif 2016 were in the range of 0.0812 to
0.01258 µg/g in soil at 0 to 30 days. In the rice young plants
0.0394 to 0.0037 µg/g metsulfuron residues were detected at
0 to 30 days. In the adjacent pond water, 0.0074-0.0039
µg/mL metsulfuron residues were detected at 5 to 30 days,
while in the fishes, 0.0012 µg/g residue were found at 20
days. Chlorimuron residues were found 0.1250 to 0.0014
µg/g in the soil at 0 to 60 days, whereas residues were
ranged between 0.381 to 0.029 µg/g in plant at 0 to 30 days.
An amount of 1.211 to 0.0313 µg/g pendimethalin residues
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were detected in the soil at 0 to 90 days. However, 1.21 to
0.0338 µg/g pendimethalin residues were found in plants at
0 to 60 days. In the adjacent pond water, 0.0086 µg/mL
pendimethalin residues were detected at 60 days, while in
the fishes, 0.0022 µg/g residues were found at 30 days.
Herbicides applied in the Kharif were dissipated according
to first order rate kinetics (Figure 4.1). In rice grains and
straw resides were found below the limit of quantification.
1.6
1.4

0.025

Chlorimuron

1.2

Bispyribac-sodium

Bispyribac-sodium

0.02

Pendimethalin

1

Metsulfuron-methyl (b)
Chlorimuron

(a)

Metsulfuron-methyl

Pendimethalin

0.015

0.8
0.6

0.01

0.4

0.005

0.2
0
O

5

10

2O

30

60

90

0

Harvest

Days after application

5

10

2O
30
60
90
Days after application

4.1.3 Effect of herbicides on soil and water physicochemical properties and fishes
There was not much difference on water pH and
EC after herbicide application in rice field in Kharif 2016.
Mortality of fishes was not observed due to clodinafop,
metsulfuron, pendimethalin, sulfosulfuron application
during Rabi and bispyribac-sodium, metsulfuron-methyl +
chlorimuron- ethyl and pendimethalin application in Kharif
season. Water quality of pond with respect to pH did not
vary significantly after receiving runoff water from adjacent
rice field. However, pond water EC decreased with respect
to time and receiving of runoff water (Table 4.1).

'kkdukf'k;ksa ds iz;ksx ds dkj.k ikuh dh xq.koRrk ij ih-,p- ,oa bZ-lh- ds lanHkZ esa izHkko
Table 4.1: Water quality of pond with respect to pH and EC(µS/cm) in Kharif 2016 after herbicides entry
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4.1.4 Dissipation of herbicide residues in Rabi 2015-16
Metsulfuron-methyl residues in Rabi 2015-16 were
0.1935 to 0.0012 µg/g in the soil at 0 to 60 days in green plant,
whereas 0.1243 to 0.0033 µg/g metsulfuron-methyl were
detected in the soil at 0 to 60 days. After 90 days, residues
were degraded to below detection limit. Sulfosulfuron
residues were found 0.327 to 0.00240 µg/g in the soil of
wheat field at 0 to 60 days, however, 0.1935 to 0.0012 µg/g
sulfosulfuron residues were found in wheat plants at 0 to 60
days. After 90 days, residues at harvest were dissipated to
below detection limit. In wheat grains and straw, residues
were dissipated to below detection limit. Clodinafop
residues were found 0.07962 to 0.0302 µg/g in wheat plant
and 0.1792 to 0.006 µg/g in soil at 0 to 60 days. In wheat
grain and straw, clodinafop residues were found below the
limit of quantification. Higher persistence of metsulfuronmethyl + clodinafop and sulfosulfuron + metsulfuron in soil
was found in Rabi even up to crop maturity (Figure 4.2).
1.2
Clodinafop
1

Metsulfuron-methyl
Sulfosulfuron

0.8

Pendimethalin

0.6
0.4
0.2
0
O

5

10
20
30
Days after application

60

90

Figure 4.2: Dissipation of herbicide residues in wheat plants during Rabi 2015-16

4.1.7 Identification of metabolites of bispyribac-sodium
and metsulfuron-methyl in soil, water and rice plant
by LC/MS/MS
Bispyribac-sodium metabolites were detected in
the adjacent pond water at 90 days , however residues of
parent compound was not detected in fish and rice plants
but major metabolites were detected. Three non- phytotoxic
degradation products of bispyribac-sodium in the soil, rice
plants and water were again identified this year also as 2,4dihydroxy benzoic acid, 2-hydroxy-6-[-4-hydroxy-6methoxy pyrimidine-2-yl)oxy] benzoic acid and 2-[4,6dimethoxy pyrimidine-2-yl)oxy]-6-hydroxy benzoic acid
(Figure 4.3).
Three major metabolites of metsulfuron-methyl
were detected from soil, while two were from rice plants: 2amino-4-methoxy-6-methyl 1,3,5 triazine, 2-amino-4-
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methoxy-6-methyl 1,3,5 triazine urea and hydroxy-1,3,5
triazine. These metabolites resulted through the cleavage of
sulfonylurea bridge and sulfonylamide linkage of
metsulfuron-methyl.

OCH3
N
O
N

OCH3

OCH3
COONa
N

OH

N
O
N

OCH3

O

OCH3
COOH

N
COOH
N

OCH3
OH

OH

2-[4,6-dimethoxy pyrimidine-2-yl)
oxy]-6-hydroxybenzoic acid

O
N

OH

OCH3

2-hydroxy-6[4-hydroxy-6-methoxy
primidine-2-yl)oxy benzoic acid

COOH

OH

2,6-dihydroxy benzoic acid

Figure 4.3: Identification of metabolites of bispyribac-sodium in soil, water and rice plant by LC/MS/MS

4.1.8

Evaluation of risk of ground water contamination
by the continuous use of herbicides

Herbicide leaching is considered as main cause of
ground contamination due to their solublity in water and
thus poses a risk of ground water contamination. Therefore
mobility and leaching potential of herbicides under natural
rainfall conditions were evaluated in lysimeter of 1, 2, and 3
meters. Metsulfuron-methyl was sprayed at 4 and 8 g/ha on
the surface of each lysimeter under field conditions and
allowed to receive natural rain (approximately 1090 mm).
Soil samples up to 0-25, 25-50, 50-75, 75-100, 100-125, 125150, 150-175, 175-200 and 200-225
cm depths were collected from
lysimeter and analyzed by HPLC
to determine the movement of
metsulfuron-methyl in the soil
and to predict possible risk of
ground water contamination.
Metsulfuron-methyl residues
were higher in surface soil and
were found up to 60 days in soil at
various depths. An amount of
0.117 to 0.525 and 0.525 to 0.9492
µ g / g m et s u l f u r o n - m e t h y l
residues were detected after one
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day while with receiving of subsequent rain and passage of
time, it decreased to 0.091 to 0.3940 µg/g and an amount of
0.01159 to 0.5127 µg/g metsulfuron-methyl residues were
detected at 20 days. Metsulfuron-methyl residues were not
detected after 90 days in any depth. pH of the soil and water
(7.75 to 8.54) was increased at various depths after its
application (Table 4.2 and 4.3).
Metsulfuron-methyl residues were not detected at
90 days, however its metabolite 2-amino-4-methoxy-6methyl 1,3,5 triazine urea and hydroxy-1,3,5 triazine were
detected. Two metabolites of metsulfuron-methyl viz
amino-4-methoxy-6-methyl 1,3,5 triazine urea and
hydroxy-1,3,5 triazine were also detected in the leachates at
60 days.

D = Days; m = meter

NL= No leachates; m = meter
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4.1.9

Use of paraquat as defoliant for early maturity of
chickpea and residues status

In order to reduce days of crop maturity, use of
herbicides as defoiliant may be fruitful in understanding of
its effect on crop physiological maturity and fate of
herbicide residues in chickpea seeds. Hence, herbicide
paraquat was chosen to evaluate its use as a defoliant for
early maturity as well as to facilitate easy manual or
mechanical harvesting of chickpea and residues status.
Paraquat has claimed many fatalities due to accidental or
deliberate ingestion of the concentrated form of the
substance. Paraquat in chickpea was determined by UFLC
with a detection limit of 0.001 µg/mL. Analysis of paraquat
in plant and soil was found pH dependent.
Soil and plants were collected after spray of
paraquat on chickpea crop. After two hours, paraquat
residues in chickpea soil were found 0.4460, 0.3551, 0.3827
and 0.5494µg/g and decreased to 0.0079, 0.0082, 0.0151 and
0.047 at harvest, respectively. Paraquat residues in chickpea
leaf were found to be <0.01, <0.01, 0.028 and 0.0325 at
harvest in paraquat treated plots at 500, 750 and 1000 g/ha,
respectively (Table 4.4 and 4.5).

Treatment (g/ha)

0 day

5 days

10 days

250

0.279

0.152

<0.001

500

0.316

0.288

0.003

750

0.346

0.252

0.008

1000

0.514

0.311

0.052

After two hours, paraquat residues in chickpea leaf
were found 0.279 to 0.514 µg/g and decreased to <0.001 to
0.052 µg/g at harvest after spraying of paraquat at 250 to
1000 g/ha, respectively (Table 4.4 & 4.5). In chickpea pods,
0.0443 to 0.3028 µg/g paraquat residues were detected after
5 days and decreased to <0.01 to 0.068 µg/g at harvest in
paraquat treated plots at 250 to 1000 g/ha, respectively.
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Paraquat application
at 750 to 1.0 kg/ha as
defoliant enhanced the
process of maturity of
chickpea and 10 day were
saved by this application.
However, paraquat
application at 750 g/ha
and 1.0 kg/ha resulted in
residues which were
below the maximum residue limit set for peas.
4.1.7 Effect of paraquat as defoliant on soil microbes
Fungal population was found 14,10,17 and 9
CFU/gx105 at 0, 4, 10 days and at harvest, respectively in
control whereas in paraquat treated plot, fungal population
5
was found 5-15, 6-14, 4-5 and 2-8 CFU/gx10 at 0 to harvest
in paraquat treated plots at 250, 500, 750 and 1000 g/ha
rates, respectively (Table 4.6 and 4.7).

Fungal population (CFU/g x 10 5) days after application
Treatment (g/ha)

0 day

5 days

10 days

At harvest

0.00

14

10

17

9

250

5

8

11

15

500

6

6

8

14

750

4

5

13.1 (harvest)
8 (harvest)

-

1000

2

3

SEm±

0.30

0.96

0.34

0.42

14.08

0.38

9.07

11.14

0.86

0.77

0.97

1.19

CV
LSD (P=0.05)

-

5

Bacterial population (CFU/g x 10 ) days after application
Treatment (g/ha)

0 day

5 days

0.00

24

25

22

14

250

18

19

10

5

500

13

18

8

750

13

12

8 (harvest)
5 (harvest)

1000
SEm ±
CV
LSD (P = 0.05)

10 days

At harvest

8
NA

10

8

0.95

1.03

0.71

0.63

12.16

12.60

13.58

19.73

2.68

2.92

2.02

0.95
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4.2

Degradation of herbicides in soil and water

4.2.1 Biodegradation of pretilachlor in soil
In the present investigation, an attempt was made to
isolate pretilachlor-degrading beneficial microorganisms
and their efficiency to decontaminate the soil. It was found
that Rhizobium sp. could utilize pretilachlor for their energy
source. Within 30 days, most of the applied pretilachlor was
degraded by bacteria. Rhizobium degraded pretilachlor by
releasing extracellular enzymes, which acted upon it,
converting into simpler forms enabling the microorganism
to derive energy from the herbicide for their growth and
maintenance. The degraded products were characterized
structurally by the mass spectra found from LC-MS/MS and
the structures were further confirmed by the spectra of
synthesized molecules and previously reported degraded
compounds of pretilachlor. Major degradation products
were 2',6'-diethyl-N-(2-hydroxyethyl) aniline; 2',6'dimethyl-N-(propoxyethyl) hydroxyl anilide; 2-chloro-2',6'diethyl acetanilide and 2',6'-diethyl-N-(propoxyethyl)
aniline.
4.2.2 Rhizobium sp. and Trichoderma viride degraded
topramezone in soil and media
Herbicides of the group of pyrazolone or
benzoylpyrazole have been introduced in Indian
agriculture with the registration of topramezone, a postemergence HPPD inhibiting molecule applied in maize to
control annual grass and broad-leaf weeds. The impact of
the herbicide in the agricultural environment of our country
is not much known. An investigation of the interaction
between beneficial microorganisms and topramezone was
conducted. Two microbial strains capable of transforming
topramezone were isolated from contaminated soils and
characterized as Trichoderma viride and Rhizobium sp. They
survived in the minimal broth having topramezone at the
level of 500 mg per litre of media. In sterilized soil spiked
with herbicide, microbes degraded 90% of the applied
topramezone within 30 days of incubation. Major reactions
involved in the degradation process were decarboxylation,
desulfonylmethylation followed by hydroxylation,
demethylation and alkyl hydroxylation. Metabolites
formed in the soil and media within 30 days after incubation
were identified by liquid chromatography-mass
spectroscopy with positive modes and tandem MS-MS
technique. Major metabolites were: [3-(4,5-dihydro-1,2oxazol-3-yl)-4-hydroxy-o-tolyl](5-hydroxy-1-methylpyrazol-4-yl) methanone (I), [3-(4,5-dihydro-1,2-oxazol-3yl)-4-mesylphenyl] (5-hydroxy-1-methyl-pyrazol-4yl)methanone (II), 2-(4,5-dihydro-1,2-oxazol-3-yl)-3-methyl
sulfonyl toluene (III); [3-(4,5-dihydro-1,2-oxazol-3-yl)-2hydroxymethyl -4-hydroxyphenyl](5-hydroxy-1-methylpyrazol-4-yl)methanone (IV); [3-(4,5-dihydro-1,2-oxazol-3-
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yl)-phenyl](5-hydroxy-1-methyl-pyrazol-4-yl) methanone
(V); 1-methyl-5-hydroxy-pyrazole-4-carboxylic acid, 4pyrazol-5-yl ester (VI); 2-(4,5-dihydro-1,2-isoxazol-3-yl)-4hydroxytoluene (VII); 1-methyl-5-hydroxypyrazole (VIII);
3-methoxy-5-hydroxy-4,5-dihydro-1,2-isoxazole (IX) and 3methoxy-4,5-dihydro-1,2-isoxazole (X). A scheme for the
pathways of degradation of topramezone by these microbes
was proposed (Figure 4.4).
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Figure 4.4: Proposed pathways for the degradation of topramezone by microbes
4.2.3 Effect of soil humic substances on the photolysis of
isoproturon
Present experiment was conducted with the objective
to know the photochemical behaviour of isoproturon on
different soil surfaces, viz. red, black and alluvial soil under
sunlight. The half-life value of isoproturon on glass surface
was found as 25.38 days. But on soil surfaces, the rate of
photolysis was changed with the half-life values of 20.76,
27.38 and 28.02 days under sunlight for red, black and
alluvial soil, respectively (Table 4.8). Slower reaction rate on
the surfaces of black and alluvial soil was due to the
quenching effect imparted by humic substances, which
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were absent on glass surface less in red soil. The sunlightirradiated extracts of isoproturon and its degradation
products were analysed by LC-MS/MS using electrospray
interfacing technique and the structures of six different
photoproducts were characterised by their respective
spectra as 3-(4-isopropyl-2/3-hydroxyphenyl)-1-methyl-1hydro xymethylurea (I), 3-(4- isopropyl-2/3hydroxyphenyl)-1-methyl-1-(N,N-dimethylcarbamoyl)
urea (II), 3-(4-isopropyl-2/3-hydroxyphenyl)-1-methyl-1(N-methylcarbamoyl)urea (III), 3-(4-isopropyl-2/3hydroxyphenyl)-1-methyl-1-carbamoyl urea (IV), Ndimethyl-N'-methyl urea (V), N-dimethyl-N'-dimethyl urea
(VI). The products are mainly formed through
demethylation, ring oxidation and rearrangement.

Surface
Glass
Red soil
Black soil
Allu vial soil

Rate constant (day)
1.19 X 10
1.45 X 10
1.10 X 10
1.07 X 10

-2

R

2

Half-life (days)

0.8240

25.38

-2

0.7770

20.76

-2

0.8647

27.38

-2

0.9589

28.02

4.2.4 Photolysis of pretilachlor in water
Pretilachlor is generally applied in the transplanted
rice. It is quite stable in pure water. The UV absorption
spectrum of pretilachlor shows a weak absorption band in
the region of solar spectrum, resulting in a slow direct
photolysis of the herbicide. In natural water, organic species
like humic acids, fulvic acids, etc. get irradiated under
sunlight and generate reactive chemical species that can
react with herbicides. The present experiment examines the
role of HA in the photochemical degradation of pretilachlor
and its degradation pathways in water. The irradiation of
pretilachlor under sunlight and artificial UV light generated
a number of photoproducts, which were analysed and
characterised by their respective mass spectra obtained
from LC-MS/MS. Considering the degradation of
pretilachlor in water, three major routes of degradation have
been proposed. The first route of the degradation pertains to
the deacylation on amide linkage. The second route involves
the cleavage of the side chain containing ether group.
Another route of the photlysis of pretilachlor involves the
cleavage of the C (aromatic)-N bond.
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4.3 Bioremediation of pollutants using terrestrial/
aquatic weeds.
4.3.2 Testing of terrestrial weed based phytoremediation
system for pollutants removal
The phytoremediation system consisted of pretreatment overhead settling zone and treatment zone
having three pairs of sequential tanks (3 x 2 x 0.75m). The fast
growing terrestrial weeds such as Typha latifolia and
Vetiveria were planted in two rows of tanks separately filled
with porous media. The polluted water from waste water
carrying drain was flown into overhead tanks subsequently
to sequential treatment tanks. Thus Typha treated, Vetiveria
treated, tubewell water and untreated waste water were
used for irrigation. Higher heavy metals were reduced by
Typha than Phragmites karka.
Higher concentration of DTPA extractable cadmium
was recorded in soil irrigated with untreated drain water as
compared to Typha treated water. The effect of irrigation
water on heavy metal uptake by Fenugreek was assessed at
the harvesting stage. The results indicated that among
irrigation water treatments, higher concentration of DTPA
extractable heavy metals were observed in plots irrigated
with untreated drain water as compared to tube well water.
Fenugreek in plots irrigated with untreated drain water
absorbed higher concentration of manganese than tube well
water irrigation (Table 4.9). EDTA significantly enhanced
the manganese in leaf part of fenugreek.

Treatment

Manganese (ppm)
Leaf

Root

Tube well

38.02

27.57

Typha latifolia treated

47.80

25.40

Vetiveria treated

52.89

22.55

Drain water

77.05

19.30

NS

NS

No EDTA

47.36

23.66

EDTA 6 Kg/ha

60.97

23.74

13.1

NS

LSD (P=0.05)

Waste water carrying drain

Amendment

LSD (P=0.05)

Typha treated water being used to Fenugreek
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Technology transfer is equally important as
technology development for sustenance of agriculture.
Farmers fail to get benefit from technological advances due
to communication gap between research organization(s)
and the end-users along with lack of technical know-how.
Surveys carried out earlier revealed significant gap between
available improved technologies of weed management and
their adoption levels. However, any weed management
technology cannot perform equally in every agro-climatic
situation. On-farm research (OFR) aim is to test a new
technology at farmers' field, under farmers' conditions and
management, by using farmers' own practice as a control. It
should help to develop innovations consistent with farmers'
circumstances compatible with the actual farming system
and corresponding to farmers' goal and preferences.
Appropriately, the on-farm research programme has been
initiated to understand farmers' problems and undertake
necessary interventions through farmers participatory
approach to develop, test and evaluate cost effective
solutions for their weed management related problems.
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5.2

On-farm research and demonstration of
weed management technologies for higher
productivity and income

5.1.1

On-farm research and demonstration of weed
management technologies in rice-wheatgreengram cropping system under conservation
agriculture (Katni locality)

On-farm research (OFR) trials were undertaken on
weed management in rice - wheat - greengram cropping
system under conservation agriculture at five farmers' fields
in five villages viz. Banda, Bichchia, Chitwara, Ghughra and
Lakhapateri in Katni district. Weed management in crops
grown under conservation agriculture (CA) with
recommended fertilizer dose (RFD) and no weed control,
with RFD and herbicides were compared with the farmer's
conventional practice. The data recorded was averaged
over five OFRs and reported.
Wheat (Rabi 2015-16)
The major weed flora observed was Medicago
denticulata, Chenopodium album, Lathyrus sativus, Vicia sativa,
Anagallis arvensis and others. Wheat grown under CA with
recommended fertilizer (120:60:40 kg NPK/ha) and
herbicides (clodinafop + metsulfuron 64 g/ha) reduced
weeds population effectively by 63.5% compared to
conventional farmer's
practice. Treatment of
RFD + herbicide under
CA produced wheat
grain yield of 5.14 t/ha,
47.3 % higher than
farmer's practice. Higher
B:C ratio of 3.44 was
recorded with the same
treatment as compared to
1.81 under farmer 's
practice (Table 5.1).

RFD + Herbicide under CA)

Farmer's practice
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Weed density
(no./m2)

Weed dry weight
(g/m2)

Grain yield
(t/ha)

B:C
ratio

Farmers' practice (1 hand weeding)

53.2

5.44

3.49

1.81

RFD (120:60:40 N, P2O5, K2O kg/ha) + unweeded under CA

54.8

9.60

4.34

3.15

RFD (120:60:40 N, P2O5, K2O kg/ha) + (clodinafop +
metsulfuron 64 g/ha) under CA

19.4

0.96

5.14

3.44

Treatment

Grain samples of wheat after harvest collected
from all on-farm research trials were extracted in suitable
solvents following standard protocol. Extracts were cleaned
up and analysed by HPLC and residues of clodinafop were
found below detectable limit. Similarly, residues of
clodinafop were also found not above detectable limit in soil
sampled at harvest.
Greengram (Summer 2015-16)
The major weed flora observed was Echinochloa,
Commelina, Phyllanthus and Euphorbia sp. Weed population
in greengram grown with recommended fertilizer (30:60 kg
NP/ha) and herbicides (imazethapyr 100 g/ha) under CA
was 76.4% less than
f a r me r s ' p r a c t i c e ,
similarly, the seed
yield was 1.26 t/ha
compared to 0.87 t/ha
under farmers'
practice. Higher B:C
ra ti o of 3 .9 0 wa s
recorded with the
same treatment as
c om p a r ed t o 2 . 1 0
under farmers' practice
(Table 5.2).
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Direct-seeded rice (Kharif 2016)
The major weed flora in rice was observed as
Echinochloa colona, Cyperus iria, Alternanthera sessilis,
Phyllanthus niruri and Dinebra retroflexa. Weed
population in rice grown with recommended fertilizer
(120:60:40 N, P2O5, K2O kg/ha) and herbicides
(pretilachlor 700 g PE fb bispyribac 25 g/ha) under CA
was 82.5% less than farmers' practice. Similarly, the
grain yield was 4.71 t/ha compared to 4.47 t/ha under
farmers' practice.
Higher B:C ratio of
3.52 was recorded
with the same
treatment as
compared to 2.53
under farmers'
practice (Table 5.3).

Grain samples of rice after harvest collected from
all on-farm research trials were extracted in suitable
solvents following standard protocol. Extracts were cleaned
up by solid phase extraction using C-18 bonded porous
silica cartridges and analyzed by HPLC and residues of
bispyribac-sodium and pretilachlor were found below
detectable limit. Residues were also found not above
detectable limit in soil sampled at harvest.
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5.1.2

On-farm research and demonstration of
weed man agemen t tec hn ologies in
rice/maize-wheat - greengram cropping
system under conservation agriculture
(Seoni locality)

OFR in wheat during Rabi 2015-16
During Rabi 2015-16, 5 OFR trials on wheat under
conservation agriculture were conducted with four
tratments viz. (I) Farmers' practice (ii) CA with RFD &
without herbicide (iii) CA without RFD & with herbicide (iv)
CA with RFD and POE herbicide (clodinafop +
metsulfuron) 64 g/ha. The major broad-leaved weeds were
Medicago denticulata, Chenopodium album, Cichorium intybus,
Vicia sativa and Lathyrus sp. The major grassy weeds were
Avena sp. and Phalaris minor. It was found that wheat sown
under CA with RFD (120:60:40 kg/ha N, P2O5, K2O) and POE
herbicide (clodinafop + metsulfuron) 64 g/ha was more
effective (grain yield 5.05 t/ha and B: C ratio 3.44) over other
treatments including farmers' practice (Table 5.4).

*Values are the average of 5 farmers,
RFD- Recommended fertilizer dose

Farmers were impressed with the performance of
the crop under conservation agriculture system and weed
management technology in terms of yield along with the
advantages of the CA technology viz. reduction in the cost of
production, saving in water/time, less weed population
due to residue mulching etc.
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Wheat under farmers practice

Wheat under CA

Wheat under farmers
practice

Wheat under CA

OFR in greengram during summer 2016
Ten OFR trials on greengram were conducted
during summer 2016 with four treatments viz. (i) CA with
RFD & without herbicide (ii) CA without RFD & with
herbicide (iii) CA with RFD and POE herbicide
(imazethapyr) 100 g/ha (iv) Farmer's practice. The major
weeds were Paspalidium distichum, Euphorbia geniculata,
Phyllanthus spp., Ipomea sp. Eleusine indica, Cynotis axillaris,
Cyperus rotandus and Parthenium hysterophorus. It was found
that greengram sown under CA with recommended
fertilizer dose and post-emergence herbicide imazethapyr
100 g/ha was more effective (seed yield 1.70 t/ha and B: C
ratio 2.82) over farmers practice (seed yield 0.88 t/ha and B:
C ratio 1.31) and other treatments (Table 5.5).

Treatment

Weed density
(no./m2)

Weed dry weight
(g/m2)

Seed yield
(t/ha)

B:C
ratio

CA with RFD and without herbicide

23.43

12.29

1.35

2.44

CA without RFD and with herbicide

12.50

7.80

0.85

1.41

CA with RFD and herbicide

9.61

5.90

1.70

2.82

Farmers' practice

36.50

19.10

0.88

1.31

*Values are the average of 10 farmers, RFD- Recommended fertilizer dose
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OFR in rice and maize during Kharif 2016
Six on-farm research trials were conducted in rice
(5) and maize (6) during Kharif 2016 with four treatments
viz. (i) Farmer's practice (ii) CA with RFD & without
herbicide (iii) CA without RFD & with herbicide (iv) CA
with RFD and POE herbicide (bispyribac-sodium) 25 g/ha
in rice and tembotrione 100 g/ha in maize. Application of
bispyribac-sodium at 25 g/ha was done at 25 days after
sowing to control all grassy, broad-leaved weeds and
sedges. The rice field of five farmers were mainly infested
with Echinochloa colona, Cyperus sp., Alternanthera sessilis,
Commelina communis and Caesulia auxillaris. The application
of bispyribac-sodium recorded lower weed infestation as
compared to farmers' practice and other treatments. Yield
improved to the tune of 27-35% varied farmers to farmers by
improved weed management technology over farmers'
practice (Table-5.6). In maize OFR also, increased yield was
obtained in improved practice in CA over farmers practice.
Grain yield and benefit cost ratio were also higher in
improved practices as compared to farmers' practice. The
farmers were highly satisfied with the weed management
technologies demonstrated by Directorate and encouraged
other farmers of the villages to adopt these technologies
(Table-5.7).

Treatment

Weed density
(no./m2)

Weed dry weight
(g/m2)

Grain yield
(t/ha)

B:C
ratio

Farmers' practice

25.80

2.89

3.36

2.2

CA with RFD & without herbicide

27.25

3.02

2.49

3.3

CA without RFD & with herbicide

21.33

1.76

2.23

3.1

CA with RFD and POE herbicide
(bispyribac-sodium) 25g/ha

21.83

1.41

4.46

3.9

Grain yield
(t/ha)

B:C
ratio
2.22

*Values are the average of 5 farmers, RFD- Recommended fertilizer dose

Treatment

Weed density
(no./m2)

Weed dry weight
(g/m2)

56.6

2.6

3.00

CA with RFD & without herbicide

128.3

11.8

2.60

2.35

CA without RFD & with herbicide

28.3

2.8

1.67

2.10

CA with RFD and POE herbicide
(tembotrione 100 g/ha)

96.7

1.3

3.97

3.24

Farmers' practice
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5.1.3

On-farm research and demonstration of weed
management technologies in rice-wheat
cropping system (Narsinghpur district)

Burning of crop residues after crop harvest is a
common practice in areas surrounding Jabalpur causing
serious pollution, besides loss of organic matter and soil
nutrients. Happy seeder machine was introduced in the
region to demonstrate Conservation Agriculture
technology (CA) for sowing of wheat for the first time under
OFR in the field of 5 farmers in Narsighpur district of
Madhya Pradesh. Sowing was done without any tillage
operation (ploughing) for land preparation or without
removing/ burning of the standing stubbles of previous
crop. Demonstrations revealed very good emergence and
establishment of crop. Use of ready mix combination of
clodinafop + metasulfuron 64 g/ha at 25 days of growth
controlled weed flora effectively in wheat after sowing
compared to farmers practice. Higher grain yield of 4.01
t/ha with B:C ratio of 3.46 were recorded over farmers
practice in Narsighpur district of Madhya Pradesh. The
grain yield of 3.75 t/ha with lower B:C ratio of 2.40 were
documented under farmers practice in Narsighpur district
of Madhya Pradesh (Table 5.8).

Treatment

Weed density
(no./ m2 )

Weed biomass
(g/m2)

Grain yield
(t/ha)

B:C ratio

Farmers' practice
(100 kg /ha + metsulfuron 4 g/ha)

56.6

2.6

3.00

2.22

CA with RFD & without herbicide

28.3

2.8

1.67

2.10

CA with RFD and POE herbicide
(clodinafop + metsulfuron) 64 g/ha

96.7

1.3

3.97

3.24

Rice (Kharif, 2016)
On-farm research trials were undertaken on weed
management in direct seeded rice under conservation
agriculture. OFR trails were conducted at two villages, viz.
Baglai and Simariya in
Na r s i n g h p u r l o c a l i t y . T h e
recommended weed management
and fertilizer dose practices were
compared with farmers practice.
The major weed flora were
observed was Echinochloa colona,
Commelina benghalensis, Cyperus
rotundus, Cynotis axillaris, Physalis
minima, Alternanthera philoxeroides,
Digera arvensis, Dinebra retroflexa
Yellow patch farmers' practice seen (Left)
Wheat grown under conservation practices (right)
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etc. Application of recommended fertilizer dose (120:60:40
N, P2O5, K2O kg/ha) along with herbicide (Bispyribac
sodium 25 g/ha) was more effective and produced higher
grain yield (3.52 t/ha) and B:C ratio (2.36), compared to
grain yield (2.6 t/ha) and B:C ratio (1.52) of farmer's practice
(Table 5.9).

Treatment

Weed density
(no./ m2)

Weed biomass
(g/m2)

Farmer's practice
(Bispyribac-Na 25 g/ha)

149.3

89.5

1.52

2.22

CA with RFD & without herbicide

292.0

271.2

0.32

2.10

CA with RFD and POE herbicide
(Bispyribac-Na 25 g/ha)

110.2

51.7

2.36

3.24

5.1.4

Grain yield
(t/ha)

B:C ratio

On-farm research and demonstration of weed
management technologies in rice/maize-wheatgreengram cropping system under conservation
agriculture (Mandla locality)

Wheat (Rabi 2015-16)
On farm research trials cum demonstration on
weed management in wheat under conservation agriculture
were carried out to transfer and evaluate the technology at
farmers' fields. OFR trials were undertaken at nine locations
in Bhawal, Gujarsani, Bijegaon, Lalipur and Harratikur
villages of Narayangunj tehsil of Mandla district in wheat
crop during Rabi 2015-16. The good quality seed, fertilizers
and herbicides were applied in selected farmers' fields. In all
farmers' fields, the sowing of wheat crop was done by happy
seeder machine without removal of previous crop residues
(rice stubbles and straw) to demonstrate the conservation
agriculture technology. The herbicide used in these OFR
trials was clodinafop + metsulfuron @ 60+4 g/ha. Good
germination and establishment of wheat crop had occurred
under conservation agriculture. The major weed flora
observed was Lathyrus sativa, Vicia sativa, Chenopodium
album, Medicago denticulata and Melilotus alba among broad
leaved and Avena sp (wild oat) and Phalaris minor among
grasses. Application of recommended fertilizer dose (RFD)
(120:60:40 N, P2O5, K2O kg/ha) along with herbicide
(clodinafop + metsulfuron 60+4g/ha) under conservation
agriculture at 30 DAS resulted in the lowest weed density
and biomass and higher grain yield (4.39 t/ha), higher net
income (Rs. 52730/ha) with higher B:C ratio of 3.81
compared to farmer's practice (conventional tillage + high
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seed rate+ unbalanced fertilizer without proper weed
management) (Table 5.10).

Treatment

Weed
density
(no/m 2 )

Weed WCE Plant
No. of
2
dry
(%) height spikes/m
weight
(cm)
(g/m2)

No. of
grains/
spike

Grain Gross
yield return
(t/ha) (Rs/ha)

Net
profit
(Rs/ha)

B:C
ratio

3.81

CA+RFD+WM
(Improved practice)

37

22.6

67

104

293

47

4.39

71805

52730

Farmers' practice

102

68.5

-

93

262

36

2.00

48345

24145

Maize (Kharif -2016)
Mandla is a tribe's dominated district, Five OFR/
demonstrations were laid out on maize under conservation
agriculture in Bijegaon and Gujarsani villages at farmer's
field. Soil of the locality is red coloured with low content of
organic carbon and land is undulated. Farmers are
backward in terms of modern agril. technologies. In general
farmers used to grow only local varieties of maize without
any application of fertilizers and modern weed
management practice. The sowing of maize crop was done
by happy seeder machine without removal of previous crop
residues to demonstrate the conservation agriculture
technology. The crop was infested with mixed weed flora,
viz. Echinochloa colona, Dinebra retroflexa, Cyperus spp.,
Commelina communis, Ageratum conizoides, and Euphorbia
geneculata. Post-emergence application of Topramezone @
25 g/ha + atrazine @ 500 g/ha with improved var. + RFD
was found most effective and gave the additional benefit of
Rs. 25,625 /ha with higher BC ratio (2.32) over farmer
practice (Table 5.11).
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Treatment

Weed
No. of
weeds/m2 dry weight
(g/m2)

WCE
(%)

Plants
height
(cm)

No. of
No. of
cobs/plant grains /cob

Grain
yield
(t/ha)

Gross
return
(Rs/ha)

Net
profit
(Rs/ha)

B:C
ratio

CA + RFD + topramezone
25 g/ha (PO) + atrazine
500 g/ha (PO)
Tembotrione 120 g/ha
(PO) + atrazine 500 g/ha
(PO) CA + RFD

34

41.8

68

167

5.4

295

3.60

45000

25625

2.32

51

55.0

58

163

5.2

290

3.27

40845

22300

2.2

Farmers practice

119

132.4

-

142

4.5

233

2.40

30025

7575

1.34

Rice (Kharif, 2016 )
On-farm research (OFR) trials were undertaken on
weed management in direct-seeded rice during rainy season
of 2016 at nine farmers' fields in the villages viz: Bhawal,
Lalipur, Gujarsani, Bijegaon of Mandla District. Weed
management through herbicides with or without
recommended fertilizer dose (RFD) was compared with the
farmer's practice. The major weed flora observed was
Echinochloa colona, Eleusine indica, Ischaemum rugosum,
Ludwigia parviflora, Alternanthera sessilis, Physalis minima,
Cyperus iria and others. Most of the farmers were small and
marginal, having little technical know-how and following
traditional methods of weeding. Application of
recommended fertilizer dose (RFD) (120:60:40 N, P2O5, K2O
kg/ha) along with the application of herbicide (bispyribacNa 25 g/ha) was more effective (weed dry weight, 32.7
g/m²; grain yield, 4.24 t/ha; BCR:3.4) over farmer's practice
(high seed rate+ unbalanced fertilizer without proper weed
management) (weed dry weight, 139.4 g/m² ; grain yield,
3.42 t/ha; BCR:2.05) (Table 5.12).

Treatment

No. of
Weed
weeds/m2 dry weight
(g/m2)

WCE
%

Plants
height
(cm)

No. of
penicles/m2

Grains
yield
(t/ha)

Gross
return
(Rs/ha)

Net
profit
(Rs/ha)

B:C
ratio

Farmers' practice

61

139.4

-

100.8

217

3.42

49,590

25,390

2.05

CA+RFD+WM
(Improved practice)

19

32.7

76

104.7

246

4.24

61,480

43,405

3.40

Summer greengram (2016)
On-farm research (OFR) trials were undertaken on
greengram under conservation agriculture during summer
season of 2016 at six farmer's fields of Mandla district.
Happy Seeder was used to sow summer Greengram and
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sowing was done just after harvesting wheat crop without
removing or burning the standing crop stubbles. Results
revealed that CA + imazethapyr @ 100 g/ha was effective
and gave broad spectrum weed control and a seed yield of
1.24 t/ha, as compared to 0.89 t/ha under FP (CT + no
weeding); and provided an additional net return with
higher B:C ratio over farmers' practice. Beside, the use of
Happy Seeder saved time and favoured early sowing which
helped to utilize residual soil moisture, and also saved field
preparation cost. Unlike ZT Seed Drill, Happy Seeder
utilized the wheat crop residue to mulch the field and
thereby also helped in managing weed menace and
improved soil condition (Table 5.13).

Treatment

No. of
weeds/ m2

Weed
dry weight
(g/m2)

WCE
(%)

No. of
plants/m2

CA+RFD+WM
(improved practice

19

18.9

67

23

21

9.0

Farmers practice

82

57.1

-

18

18

8.3

No. of
pods/plant

No. of
grains/
pod

Gross
return
(Rs/ha)

Net
profit
(Rs/ha)

B:C
ratio

1.25

56,115

39,365

3.35

0.89

40,230

18,480

1.85

Grain
yield
(t/ha)

5.2

Impact assessment of weed management
technologies on upliftment and livelihood
security

5.2.1

Impact assessment and adoption of weed
management technologies

A study was undertaken to assess the impact of
different weed management technologies on socioeconomic upliftment and livelihood security of farmers
throughout the country. Information from farmers
(respondents) were collected through different AICRP-WM
centers located in eighteen states. Information on many
aspects including socio-economic status, operational
holding, cropping pattern, weed control methods used by
farmer, access to weed management technologies from
different agencies, economics, constraints in adoption of
weed management technologies etc. were collected during
survey through questionnaire.

53

Annual Report 2016-17

Study revealed that AICRP-Weed Management
centres located in different states play very important role in
providing the technologies related to weed management to
the farmers. About 80% respondents were aware and
accessed weed management technologies through visiting
DWR/DWR centres. They also obtained information
related to weed management through the demonstration/
OFR conducted by DWR/DWR centre and also from KVKs.
Farmers contacted DWR/DWR centres need basis and
weekly/fortnightly they came into contact with the officials
of DWR/DWR centres when any OFR/ demonstration were
laid out in their fields. Before start of the season, they
collected information from DWR/DWR centre on weed
management technologies. Farmers collected information
on weed management (75%), fertilizer management (70%)
and other plant protection measure (67%) from visit to
DWR/DWR centre and also through participation in
OFR/demonstration as progressive farmer conducted by
DWR/DWR centre. They also got information on farm
machinery (45%) and improved seed variety (66%) from
these centres. Lack of technical advice for follow up is the
main reason realized by the farmers (80%) for the nonadoption of recommended practices. To improve the
extension services in the state, respondents (75%) suggested
to improve the quality of information from all the sources
and also to increase the frequency of demonstrations in the
fields.
Most of the farmers (99%) are in opinion that
weeds are one of the major obstacles in crop production and
some of them (40%) feel that in traditional farming system,
weed management was not given due importance. A total of
62% of the farmers believe that occurrence of weed species
decreased than earlier and also feel that IWM-Improved
weed management technologies gave better weed control
and yield than traditional method. 85% of the respondents
followed the recommended time and doses of herbicides.
They are aware about the preventive methods of weed
control among which 95% farmers used cleaning of seeds
before sowing and irrigation channels as the preventive
methods. Most of the farmers in all the states (>98%) do not
have any knowledge about quarantine law or legal
awareness about invasive weed, about HTCs/transgenic
crops, super weeds and herbicide resistant weeds. This
study reveals that chemical method and other methods of
improved weed management are very popular among
farmers for weed control. Still there are some constraints
due to which some of the farmers are unable to adopt these
technologies. These constraints are depicted in graph
according to their ranks given by farmers (Figure 15.1).
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Figure 5.1: Constraints in adopting IWM technologies
Where: M1- Lack of awareness about IWM technologies, M2- Lack of proper technical knowledge about herbicides, M3- Unavailability of
herbicides, M4- High cost of herbicides, M5- Social fear about use of herbicides, M6- Less risk bearing capacity about new technology, M7Fear about residual effect on next crops, M8- Supply of spurious/adulterated material, M9- Spraying of herbicides is very tedious and
complex job, M-10 If anything happened wrong due to use of herbicide, there is no recovery mechanism to recouped the crop, M11- Lack of
information on recommended dose of herbicides, M12- Lack of information on time of herbicide application, M13- Moisture unavailability at
the time of application, M14- Lack of information on method of herbicide application, M15- Lack of knowledge about use of sprayer, M16Lack of knowledge about use of appropriate nozzle, M17- Lack of knowledge about quantity of water used for spray, M18- Lack of
knowledge about the precautions during spray, M19- Resistance of weeds to herbicides, if any, M20- Lack of technical knowledge for
preparing of mixture of two herbicides for effective broad spectrum weed control for time/labour saving.

Constraints in adoption of IWM technologies
Most of the farmers of the states considered in the
study realized that high cost of herbicides is the main reason
of non-adoption. Other reasons which are equally important
for non-adoption of IWM are lack of proper technical
knowledge about herbicides, lack of technical knowledge
for preparing of mixture of two herbicides for effective
broad spectrum weed control and time/labour saving.
Besides these, lack of awareness about IWM technologies,
unavailability of herbicides and if anything happened
wrong due to use of herbicide, there is no recovery
mechanism to recouped the crop are the other reasons which
are also responsible for non-adoption of IWM in most of the
states.

5.2.2

Economic yield losses due to weeds

A study was conducted to estimate the yield losses
and economic losses due to weeds using the data from a total
of 1821 OFR conducted by different centres of AICRP-WM
in major crops in different states of India. These trials were
conducted from 2003-04 to 2014-2015 by centres of AICRPWM. Data on yield losses in four treatments viz.
recommended practice, farmers' practice, weedy check and
weed free (2 hand weeding) were used for the study.
Analysis was done to find the potential and actual yield
losses and gap in attainable yield due to weeds. These are
given as follows:

55

Annual Report 2016-17

Potential yield losses due to weeds
Potential yield losses due to weeds were calculated
with the help of yield data from weedy check and weed free
situation and is presented through box plot diagram
(suitable data was available only for 6 major crops). It shows
that potential yield loss is very high in case of soybean which
experienced about 5076% yield r eduction
followed by groundnut
where it is 45-71%. More
variability was observed
among the different states
in case of transplanted
rice (15-66%) and maize
(18-65%) (Figurer 5.2).
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Figure 5.2: Potential yield losses due to weeds in major crops of India
Box plot depicts the 'Minimum value', 1st Quartile 'Q1', 'Median', 3rd Quartile 'Q3' and 'Maximum value' of the yield loss data (bottom to
up). End point of the minus error bar is the minimum value, red area shows the difference between median and Q1, blue area shows the
difference between Q3 and Median and upper most point of the plus error bar is maximum value of the data.

Actual yield losses due to weeds
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While analyzing the data on actual yield losses due
to weeds, it was observed that depending upon the growth
condition of crops and intensity of weeds, actual yield losses
varies greatly among states. This variation is highest in case
of maize (7-51%) followed by direct seeded rice (6-49%),
pigeonpea (5-42%) and sugarcane (7-43%). Yield losses due
to weeds are less in transplanted rice as compared to direct
seeded rice this may be due to the control of initial flush of
weeds by puddling and flooding in transplanted condition.
Besides this, it is
g e n e r a l l y
observed to have
more weed
competition in
ca se of di rect
seeded rice as
compared to
transplanted rice
(Figurer 5.3).
Sunflower Pigeonpea
Ragi
Groundnut Sugarcane Sorghum
Moong
Sesame
Cotton
Crop

Figure 5.3: Actual yield losses due to weeds in major crops of India
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Gap in attainable yield
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For calculating gap in attainable yield, data on
yield from recommended practice (mainly chemical
method) plots were compared with the yield of weed free
treatment plots. Analysis revealed that yield losses due to
weeds can be minimized in all the crops upto greater extent
by using different improved weed management practices.
Gaps (%) were
observed very low in
case of transplanted
rice, wheat, mustard
and groundnut where
improved weed
management practices
were used in order to
control weeds. In case
of green gr am an d
soybean, these gaps are
high despite using
Maize
Soybean Groundnut Sorghum
some weed control
Crop
measures also (Figure
5.4).

5.2.3

'Weed Manager' (App for mobile): Harnessing
innovations in Indian farming

To achieve higher agriculture production, farmers
should be well equipped with latest technology and current
information on day-to-day agricultural affairs. Now
farmers have begun to utilize mobile App for updating their
professional knowledge. The objective of the present study
was to develop software of App for mobile phones to cover
weed manag ement related i nfor mati on a mon g
stakeholders.
A mobile app named as Weed Manager was
developed by the ICAR-Directorate of Weed Research,
Jabalpur. It is a user-friendly mobile App for farmers,
Agriculture department officials, students, other
stakeholders and industry professionals. This app allows
users to scout crop name and identify common dominated
weeds of that particular crops with their control measures.
The basic requirement to operate this app is have an
Android device with net connectivity, and the software of
'Weed Manager' may be downloaded from the directorate
website (www.dwr.org.in). After completion of download,
run the setup file for the installation 'Weed Manager' in a
device. After complete installation a 'Weed Manager' icon
( ) will appear on mobile screen. It is totally menu-driven
App, crops are grouped by season. User can select crop by
selecting the season either rainy or winter or summer (i.e.
Kharif, Rabi and Zayad). After selecting season, user can
select the crop for weed management in a particular crop. A
screen will appear with dominated weeds details along with
weed management recommendations for a particular crop.
This App is also available at Google Play Store.

57

6

EXTERNALLY-FUNDED PROJECTS

Externally funded projects are target oriented projects
to carry out research work on focused line in a given time
frame. This Directorate is having five such projects. The
summary of the projects and the work carried out during
2016-17 year under these projects are outlined below:
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Externally-funded Projects

6.1

Bioremediation of contaminants in polluted
sites: use of weedy plants

Rhizoremediation is one of the phytoremediation
methods and depends upon interactions between plants,
microbes and pollutants, where exudates released by plant
roots help to stimulate survival and activity of bacteria. This
improves soil chemical and physical properties, and
enhance nutrient acquisition, metal detoxification, and
alleviation of abiotic stress in plants. Soil microorganisms
and fauna are the factors that may have an influence on the
mobility and bioavailability of Cd in soil-plant systems.
6.1.1

Relationship between Cd uptake, enzymatic
activities and yield-attributing characteristics

Highly significant correlation was observed
between Cd uptake, enzymatic activities and yieldattributing characteristics at 1% level of significance.
Among these, Cd uptake showed strong correlation with
catalase activity with correlation coefficient value of 0.831.
In general, Cd uptake inhibited the plant height and number
2
of tillers as they were linearly related with R values as 0.68
and 0.49, respectively (Table 6.1).

  dsMfe;e viVsd] ,atkbesfVd xfrfof/k;ksa vkSj ikS/k ck;ksesfVªd fo'ks"krkvksa ds chp lglaca/k xq.kkad
Table 6.1:

The correlation coefficients among Cd uptake, enzymatic activities, and plant biometric characteristics

**Correlation is significant at the 1% level of significance (two tailed).

6.2

Biological control based integrated
Parthenium management for saving
environment, health and biodiversity in
North-East India

6.2.1

Survey of Parthenium infestation and release of
bioagent in North-East India

Mass multiplication of Mexican beetle was done in
net house and open field conditions at DWR, Jabalpur and
beetles were sent to Manipur for further release in
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North-East region by postal services. A survey was made in
first week of September 2016 in North-East region along
with the Principal Investigator of Manipur center for
knowing the infestation of Parthenium and presence or
establishment of bioagent Zygogramma bicolorata at those
places where bioagent was released last year. About 30
thousand beetles reared at Jabalpur center were also taken
personally to north-east. Zygogramma bicolorata bioagent
was released at different places in the state of Assam, West
Bengal and Sikkim. Location data of Parthenium presence
or release of bioagent were taken with the help of GPS.
Bioagent was recovered from only one place near IIT
campus in Guwahati from last year releases. Sikkim was
found free of Parthenium except at one place. A Parthenium
Awarness Programme was conducted in Boko (Assam).

Parthenium in Guwahati (Assam)

Release of bioagent in Guwahati

6.2.2

Parthenium infestation in Matizer (Sikkim)

Biological control of Parthenium in
blackgram and greengram through bioagent
Zygogramma bicolorata

The experiment was conducted in the farm of
Directorate of Weed Research, Jabalpur during rainy season
of 2016. Greengram and blackgram were sown along with
th
Parthenium seeds on 24 June 2016. Each plot size was of
about 0.41 hectares. Adult beetles of Zygogramma bicolorata
were released in each of two plots of crop at the rate of
5000/ha while in other two plot bioagent was not released
and it was kept as control. Before release of bioagent, initial
2
Parthenium plant density/m , height (cm), number of
flowers and initial dry weight were taken. After 15 days of
initial release of Z. bicolorata, number of eggs, grubs and
adults of Z. bicolorata were recorded at randomly from 5
plants at weekly interval for population
dynamic study of beetle and their effects on
suppression of Parthenium and yield of
crops.
Bioagent population increased rapidly in
b l ac kg r am th an g r een gr a m fi eld.
Therefore, no augmentative release was
required in blackgram but subsequent
augmentative released made in greengram
field brought desirable control of
Parthenium. Parthenium weed dried and
killed due to attack of biogents in treated
field of greengram and blackgram. Study
revealed that data on number of eggs,
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larvae and adults fit polynomial functions. These functions
depicts the increasing growth initially then peak and
thereafter decreasing growth (Figure 6.1).
Dry weight of Parthenium decreased significantly
in control in greengram and blackgram than biogent treated
field (Figure 6.2).
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Figure 6.1: Population dynamics of eggs, grubs and adults of
Mexican beetle after release in greengram and blackgram field

Figure 6.2: Effect of bioagent on dry weight of Parthenium in
treated and untreated greengram and blackgram field

6.2.3

Number and sex dependent population
dynamics of Zygogramma bicolorata
2

An experiment was conducted in 6x6 feet
mosquito net to see the population dynamics of Mexican
beetle. Impact of Mexican beetle in suppression of
Parthenium was sudied based on release of different number
of adults. Positive correlations of good population buildup
with increase in number and defoliation percentage was
established.

6.3

Phenotypic characterization and molecular
fingerprinting of weedy rice biotypes from
MP using SSR markers

Genetic diversity and phylogenetic relationship
among biotypes of Indian weedy rice using SSR markers
(funded by MP Biotechnology Council)
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6.3.1

Genetic diversity analysis in weedy rice using SSR
markers

A total 107 entries were examined containing 92
entries of weedy rice germplasm with 12 cultivated and 3
wild rice accessions collected from different geographical
regions. Genomic DNAs were extracted using DNA
extraction kit (Thermo scientific) with high purity. The
polymerase chain reaction was carried out using 18 highly
polymorphic SSR markers. Based on the results, entries
grouped into three main clusters. Weedy rice accessions
showed high degree of admixing among populations which
indicates the gene flow due to their out-crossing nature
while wild rice did not show any admixing or allele sharing
(Figure 6.3).

6.3.2 Dormancy profile of biotypes of weedy, cultivated
and wild rice
Freshly harvested grains of different weedy rice
biotypes, rice cultivars and wild rice biotypes were tested
for germination on monthly basis in controlled conditions in
environmental chambers providing favourable conditions
for germination. Dormancy percentage was calculated
taken into account number of ungerminated grains. Huge
difference was observed in terms of dormancy percentage
among different entries tested. After six months of
harvesting, out of 45 entries, only 4 entries showed 0%
dormancy. Fifteen entries exhibited 0-25%, 7 entries 26-50%,
10 entries 51-75% while 9 entries showed 76-100%

62

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5
0
-5

Biotype

dormancy. Varying degree of dormancy among different
entries may be of importance from management point of
view.

6.4

Development and validation of IPM
strategies for lentil and field pea in Rabi
season and greengram and blackgram in
summer season

Green gram and black gram were sown on 18 and 19
March 2016, respectively during first year of its
experimentation. There were 10 treatments with four
replications. Among insect pests, Aphis craccivora and white
fly were major pest. Among weeds, Brachiaria reptans,
Dinebra retroflexa, Cyprus rotundus, Paspalidium sp.,Physalis
minma and Sonchus arvensis were dominant weed recorded.
Seed treatment with Trichoderma (5 g/kg) + PSB (20 g/kg)
and bavestin and use of pendimethalin as pre-emergence
and imazethapyr as post-emergence with need based
insecticides proved best treatment under IPM to get highest
yield of greengram and blackgram.
Crops of field pea and lentil were sown on 12 and
nd
13 November 2016, respectively during 2 year of its
experimentation. Among insect pest Aphis craccivora,
Helicoverpa armigera, leaf miner, Liriomyza cicerina, and
defoliator Spodoptera litura were recorded. Except aphid,
most of the pest were occasional feeder. In control treatment,
aphid attack was more in lentil while it was moderate in
field pea. The aphids were controlled by need based
insecticide treatment. Seed treatment with Trichoderma and
bavestin and use of pendimethalin as pre-emergence
proved best treatment under IPM to get highest yield of field
pea and lentil. This experiment also implies that we should
do need based spray of insecticides to control insect pests.
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Treatment

Pod/
plant

Seed/
pod

1000 seed
weight (g)

Yield
t/ha

T1 - Seed treatment with Trichoderma (5 g/kg) + PSB
(20 g/kg)
T2 - Seed treatment with Pseudomonas fluorescens
(5 g/kg) + PSB (20 g/kg)
T3 - T1 + one hand weeding at 30-40 DAS

23.8

6.4

41.3

0.73

24.3

6.3

41.4

0.81

24.5

6.4

41.4

0.81

T4 - T2 + one hand weeding at 30-40 DAS

24.8

6.3

41.6

0.81

T5 - Seed treatment with bavistin (2 g/kg) + one hand
weeding at 30-40 DAS

25.1

6.5

41.8

0.87

T6 - T3 + Need based spray of NSKE at 30-60 DAS

25.3

6.4

41.9

1.01

T7 - T4 + Need based spray of NSKE at 30-60 DAS

26.4

6.6

42.0

1 .1

T8 - T5 + Need based insecticides

26.8

6.6

42.1

1.2

T9 - Control

19.1

6.1

40.2

0.57

T10 - Pendimethelin as pre-emergence + imzathapyr as
post-emergence

25.3

6.2

41.2

1.3

DAS = Day after sowing

6.5

Enhancing crop productivity and livelihood
security through improved technological
interventions in Jabalpur district of Madhya
Pradesh

Major activities carried out
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Farmer-scientist meetings were conducted in
selected two villages
Distribution of greengram and blackgram seed,
fertilizer, plant protection chemicals, herbicide to 50
farmers for sowing in one acre area each was done.
Interested farmers were demonstrated sowing under
zero-tillage method

28 Vermic om post
portable pits have
been constructed,
and filling with farm
waste, cattle dung
and earthworms was
completed.
Training imparted on

seed treatment,
sowing greengram
under zero-tillage,
production of
vermicompost .

7

STUDENTS RESEARCH PROGRAMME

As per the MOU signed with Jawahrlal Nehru
Krishi Vishwavidyalay, Jabalpur (M.P.), Rani Durgavati
Vishwavidyalaya, Jabalpur (M.P.), Indira Gandhi
Vishwavidyalaya, Raipur (Chhatishgarh) and M.C.G.B.,
Chitrakoot (M.P.) following students were doing their
research for Post Graduate and Ph.D. during the period.
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8

TRANSFER OF TECHNOLOGY

8.1

Knowledge management service

The revolution in Information and
Communication Technology (ICT) has made access to the
information easy and cost effective to the rural masses in
general and farming community in particular. Kisan Mobile
Advisory Services (KMAS) is one among several methods of
ICTs working successfully for dissemination of latest
information. Directorate efficiently utilized its facility of
Kisan Mobile Advisory Service (KMAS) for disseminating
weed management technologies to the farmers of the
country. The messages termed as 'Kisan mobile sandesh'
containing real time agricultural information and
c us to mi z ed k n owl edg e o n weed ma n a g emen t
approaches/technologies were routinely delivered during
the initial period of cropping seasons and thereby enabling
the farmers' to make a strategy to manage weeds in time to
increase their production and productivity. 'Kisan mobile
sandesh' were delivered during both Kharif and Rabi seasons
to the registered farmers and other stake holders (Table 8.1).
Registration is free for all interested stakeholders of the
country and can be done by sending an e-mail to
dirdwsr@icar.org.in
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Farmers' visits
A large number of farmers (including farm
women) and agricultural officers of state department of
agriculture from different parts of the country visited this
Directorate during the year to get acquainted with latest
weed management technologies (Table 8.2). While visiting
the experimental/ demonstration fields, they interacted
with the scientists to resolve their queries on weed related
problems. At the end of the visits, interactive meetings with
scientific staff were also organized in the Directorate's
conference hall, where lectures were delivered on different
aspects of weed management. Suitable recommendations in
response to the questions from various farmers on locationspecific weed problems were also given.

City and State Name
Anooppur (M.P.)
Betul (M.P.)
Chhindwara (M.P.)
Dindouri (M.P.)
Jabalpur (M.P.)
Katni (M.P.)
Maihar (M.P.)
Mandla (M.P.)
Narsinghpur (M.P.)
Palwar (Maharashtra)

Farmers no.
50
35
27
409
104
90
31
13
148
91

City and State name
Raisen (M.P.)
Rewa (M.P.)
Sagar (M.P.)
Sawai Madhopur
(Rajasthan)
Seoni (M.P.)
Singrauli (M.P.)
Shahdol (M.P.)
Tikamgarh (M.P.)
Vidisha (M.P.)

Farmers no.
39
13
12
54
78
40
178
73
18

Mera Gaon Mera Gaurav Programme
Mera Gaon Mera Gaurav Programme is being
conducted in 5 villages of each districts of Katni, Mandla,
Seoni and Narsinghpur each. A multi-disciplinary team of
Three scientists along with the technical officers and other
associated staff with them are visiting the selected localities
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on a fixed day of week. Purpose of these visits is to
disseminate the weed management technologies,
knowledge and advisories on regular basis to the farmers.
Under this scheme, scientists remain in touch with the
selected villages and provide information to farmers on
technical and other related aspects. Under this programme
many activities have been carried out during the year viz.
on-farm research cum demonstration trials in different
crops, organization of Kisan Sangoshthis, different activities
under Swachh Bharta Abhiyan and Parthenium awareness
week. These programmes have been attended by number of
farmers, public representative and officials from State
Department of Agriculture. Farmers from these localities
were also invited in many programmes conducted at
directorate viz. World soil day, Agriculture Education day,
Parthenium awareness programme etc.

Imparting knowledge on Parthenium management
through awareness programme
Parthenium weed is responsible for causing many
diseases like skin allergy, hay fever, breathing problems in
human beings and animals besides reducing agricultural
productivity and causing loss of biodiversity. In view of the
seriousness as well as the magnitude of the threat posed by
this weed, ICAR-Directorate of Weed Research, Jabalpur
has been organizing mass awareness programmes since
2004 to educate the farmers and general public about the ill
effects of Parthenium and ways to manage it. In 2016 also,
DWR organized a country-wide programme "Parthenium
Awareness Week" from 16-22 August, 2016 by involving
State Agricultural Universities (SAUs), Krishi Vigyan
Kendra (KVKs), State Agricultural Departments, institutes
of ICAR, AICRP centres of Weed Management, many
NGOs, municipalities, schools and colleges. To facilitate the
organizers, posters and extension materials, especially
developed for this occasion, were distributed to about 1100
stakeholders with the appeal to multiply and develop more
such material in regional languages for further distribution
among people.
People were educated by activities like
lectures, photo exhibitions, farmers' meetings, students'
rallies, uprooting, demonstrations etc. These events were
covered by print and electronic media, which created more
awareness on the Parthenium.
ICAR-DWR, Jabalpur organized Parthenium
Awareness programmes in all the four localities covered
under 'Mera Gaon-Mera Gaurav' in four different districts.
A training-cum-awareness programme was conducted at
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Directorate on 20 August, 2016. In this programme,
Dr. Swati Sadanand Godbole, Mayor, Jabalpur Municipality
and Sardar Harnek Singh, a man responsible for making
first Parthenium free village in Punjab graced the occasion as
Chief Guest and Guest of Honour, respectively. Many
farmers and NGOs from adjoining districts participated in
the programme.

Supply of bioagents to create awareness on
biological control
The bioagent Zygogramma bicolorata (Mexican
beetle) were mass reared in net houses at the Directorate and
about 50,000 beetles were supplied by postal services and
personal delivery to different AICRP-WM centres, KVKs,
farmers, schools, NGOs, colony residents, etc. About 30,000
beetles were carried to Assam and Sikkim and were released
on Parthenium for further establishment. The live insect culture of Neochetina spp., a bioagent for biological control of
water hyacinth was also sent.

Imparting knowledge on preparation of compost
and vermi-compost from weeds and agro-waste
biomass
To impart knowledge among visiting farmers , a
demonstration set up was created to prepare compost from
weeds by pit method and from other agro-waste by NADEF
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methods. Farmers visiting the Directorate were encouraged
to prepare compost and vermicompost to increase the
productivity of field and reduce input cost as well. Farmers
were also encouraged to set up vermicomposting and
composting units in their respective villages under 'Mera
Gaon Mera Gaurav' programme.

Carry over effect of triasulfuron on soybean
observed in Dhar District of Madhya Pradesh
Farmer's Welfare and Agriculture Development
Department, Dhar requested Director to investigate a case of
triasulfuron contamination in soil of soybean fields, which
was applied on wheat. During Kharif 2015, soybean was
sown in the same field. Initial germination of soybean was
good but the plants started to dry 10-15 days after
germination. Some farmers faced total crop loss. A team
from Directorate visited the farmers' fields and found that
Logran (20 g/ha) and trisulfuron was applied pre-em which
killed the germinated plant of soyabean. Farmers were
advised to apply FYM @ 10-15 t/ha to the affected field
followed by one irrigation fortnightly. Use of triasulfuron in
wheat-rice system was suggested, but its application in
wheat-soybean, wheat-greengram, wheat-cotton or wheatmaize systems was not advised.
The collected soil samples were analysed for affect
on germination of succeeding crop by bioassay technique. It
was observed that broad leaf plants like soybean and
moongbean were badly affected after a good germination.
The presence of herbicide residues in collected soil sample
was detected by LC-MS/MS and triasulfuron residues
within the range 1.28 to 7.48 g/ha were documented. Some
degradation products of triasulfuron were also identified.

Televison and Radio Talk
Dr. Sushilkumar delivered a talk on 'Parthenium
menace and its management' on 24 August, 2016 on Delhi
Door Darshan, New Delhi.
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9

TRAINING AND CAPACITY BUILDING

9.1

Participation in training programme

Scientists/ staff of the directorate participated in
training programmes to enrich their knowledge and acquire
expertise in their respective discipline. Details of such
trainings are given below:
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Training and Capacity Building
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9.2

Organization of training programme

Following training programmes were organized
during the year:

9.3

Lectures delivered by scientists in other
institutions

Scientists of the directorate received invitations
from other institutions to deliver lectures in different
occasions. The details of the lectures delivered by the
scientists are given below:
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9.4

Technical seminars

Following technical seminars were delivered by
the scientists/staff during the period:
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9.5

Guest lecture

During the period, many renowned scientists/
progressive farmer's from different institutes visited the
Directorate and delivered lectures in their area of expertise.
Details of the lecture are given below:
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10

LINKAGES AND COLLABORATION

ICAR-DWR has collaboration with educational and
research institutions for research, teaching and extension.
The Directorate aims for coordinated research work in weed
management across the nation and offers research and
training to research students, shares expertise and provides
consultancy to staff and students of SAUs, ICAR institutes,
NGOs and other stakeholders.

10.1 Collaboration with SAUs
The Directorate coordinates research and training in
the area of weed management through its All India
Coordinated Research Project on weed management centres
in 23 SAUs located at different agro-climatic zones of the
country. There are five nodal officers from the Directorate
who monitor the ongoing research and extension
programmes at these centres and provide feedback to the
SAUs for effective collaboration.
The Directorate is in collaboration with Navsari
University, Gujarat for Bioinformatics Research; Manipur
University, Imphal for biological management of
Parthenium in north-east India; BAU, Ranchi; RDVV and
JNKVV, Jabalpur for pesticide residue analysis. DWR also
collaborated for water hyacinth management in severely
infested ponds and lakes at Haliyal (Uttara Kannada ) and
Motihari (Bihar) with University of Agricultural Sciences,
Dharwad (Karnataka) and Rajendra Prasad Agricultural
University (RAU), Pusa (Bihar), respectively.

10.2 Collaboration with other institutes and
agencies
The Directorate has collaboration with other ICAR
institutes also. Nodal scientists provide timely guidance for
refining weed management research and extension
programmes in these institutes. Collaboration for ongoing
research work also exists with ICAR-National Research
Centre for Plant Biotechnology (NRCPB), New Delhi; ICARNational Research Centre for Integrated Pest Management
(NCIPM), New Delhi; ICAR-Indian Institute of Pulses
Research (IIPR) Kanpur; ICAR-Indian Grassland and
Fodder Research Institute (IGFRI), Jhansi; ICAR- Indian
Institute of Soil Sciences (IISS), Bhopal; and Indian
Veterinary Research Institute (IVRI), Izatnagar. The
Directorate is also in collaboration with the National Seed
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Centre (NSC), Bhopal (M.P.) for providing seeds of wheat
and rice.

10.3 Collaboration with KVKs
During 2016-17, improved weed management
technologies for different crops under various farming
situations were demonstrated in association with the ICARATARI (Zone VII) by conducting OFTs/ FLDs in wheat,
paddy, soybean, tomato, greengram, onion/garlic, maize,
and groundnut crops through 94 KVKs across Madhya
Pradesh, Chhattisgarh and Orissa. All the improved
technologies demonstrated have decreased weed intensity
compared to the prevailing farmers practice (HW) and
showed highly encouraging outcome in terms of increasing
productivity, decreasing cost of production with an increase
in B:C ratio indicating increasing benefit per unit of
investment made.
A two days training cum workshop on weed
management was organized at ICAR-Directorate of Weed
Research to review the work done by KVKs in the field of
weed management. The technical programme for next year
was also finalized with the participation of programme coordinators and scientists of KVKs in association of ICARATARI, ZONE-7, Jabalpur during 19-20 May, 2016.

10.4 Advisory services
Advisory services were given to Irrigation
Department, Gwalior, Morena on aquatic weed
management in Pullowa and Kotwal dams. Technical
advice was given to the 'TARU' organisation for water
hyacinth management in ponds of Indore and also to Ireo
Waterfront, Ludhiana for the management of submerged
weeds.

10.5 Education
The Directorate has MoUs signed with Jawaharlal
Nehru Krishi Vishwavidyalaya, Jabalpur, Indira Gandhi
Krishi Vishwavidyalaya, Raipur and Mahatma Gandhi
Chitrakoot Gramodaya Vishwavidyalaya, Chitrakoot. The
Directorate is also recognized by Rani Durgavati
Vishwavidyalaya, Jabalpur, AKS University, Satna and APS
University, Rewa as a post graduate research centre for their
students.
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12

AWARDS AND RECOGNITIONS

th



On the occasion of 28 Foundation Day of ICARDWR, Jabalpur celebrated on 22
April, 2016 “Best Worker Awards
(2015-16)” in the category of
scientists, technical officers,
administrative staff and skilled
supporting staff were conferred
upon Dr. Bhumesh Kumar, Shri
Pankaj Shukala, Shri Takeshwar
Lakhera and Shri Mohan Lal
Dubey, respectively.



Dr. A.R. Sharma, Director, ICAR-DWR, Jabalpur
has been awarded Gold Medal for his contribution in
the subject of sustainable crop production in the
th

4 International Agronomy Congress organized by
Indian Society of Agronomy, ICAR-IARI, New Delhi
during 22-26 November, 2016.


Dr. A.R. Sharma, Director, ICAR-DWR, Jabalpur
received special recognition award from Crop and
Weed Science Society, BCKVV, Mohanpur, West
Bengal on 21 January, 2017.



Mr. Anoop Kumar Rathore, Dr. A.R. Sharma, Ku.
Rituja Jain and Dr. M.C. Bhambri
received 'Best Poster Award' for
the article 'Nitrogen and weed
management effects on weed
growth and rice productivity
under conservation agriculture in
rice-wheat-greengram cropping
system' during ISWS Biennial
Conference at MPUAT, Udaipur
during 1-3 March 2017.
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Mr. Shyam Lal and Miss. Tarun Suryavanshi, IGKVV,
Raipur, Mr. Saurabh Pagare, RDVV, Jabalpur and Mr.
Subhash Kumar Mishra, MGCGV, Chitrakoot has
been awarded ISWS Student Travel Grant Award,
during ISWS Biennial Conference at MPUAT,
Udaipur during 1-3 March 2017.



Mr. G.R. Dongre has been awarded second prize for
the presentation on 'E-Waste Management &
Challenges' in the Training Seminar at NAARM
Hyderabad during 30 Nov. to 9 December, 2016.

13

PUBLICATIONS

13.1 Research / review articles
Ch oudh ur y P .P. a nd Bha ttac ha ry a A. K. 20 16 .
Phototransformation of 2,4-D ethyl ester on different
soil surfaces: identification of photoproducts.
Pesticide Research Journal 28(1): 62-67.
Das T.K., Bandyopadhyay K.K., Bhattacharyya R.,
Sudhishri S., Sharma A.R., Behera U.K., Saharawat
Y.S., Sahoo P.K., Pathak H., Vyas A.K., Bhar L.M.,
Gupta H.S., Gupta R.K. and Jat M.L. 2016. Effects of
conservation agriculture on crop productivity and
water-use efficiency under an irrigated pigeonpeawheat cropping system in the western Indo-Gangetic
Plains. Journal of Agricultural Science, Cambridge
154(8): 1327-1342.
Kumar N., Nath C.P., Hazra K.K. and Sharma A.R. 2016.
Efficient weed management in pulses for higher
productivity and profitability. Indian Journal of
Agronomy 61 (Special issue): 93-105.
Sapre N., Kewat M.L. and Sharma A.R. 2016. Impact of
conservation agriculture and weed control measures
on soil physical and biological properties under ricewheat-mungbean cropping system in vertisols.
International Journal of Agriculture Sciences 8: 26912695.
Dixit A., Raghuvanshi M.S., Singh V.P. and Sushilkumar.
2016. Efficacy of potassium salt of glyphosate on
weed control and yield in transgenic corn. Indian
Journal of Agricultural Sciences 86(10): 1324-1332.
Gharde Y., Barman K.K. and Singh P.K. (2016) Weed spatial
variability in field condition as predicted by kriging.
Journal of Indian Society of Agricultural Statistics 70(3):
237-241.
Ghosh D., Sarkar S., Brahmachari K., Garai S., Pal M. and
Sharma A. 2017. Potassium schoenite: an emerging
source of potassium for improving growth, yield and
quality of potato. Journal of Experimental Biology and
Agricultural Sciences 5(2): 172-182.
Ghosh D., Singh U.P., Ray K. and Das A. 2016. Weed
management through herbicide application in directseeded rice and yield modeling by artificial neural
network. Spanish Journal of Agricultural Research 14(2):
(doi.org/10.5424/sjar/2016142-8773)
Ghosh D., Singh U.P., Brahmachari K., Singh N.K. and Das
A. 2016. An integrated approach to weed
management practices in direct-seeded rice under
zero-tilled rice-wheat cropping system. International
Journal of Pest Management. (http://dx.doi.org/
10.1080/09670874.2016.1213460)
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Jatav V., Tagore G.S. and Khankhane P.J. 2016. Effect of
waste water irrigation on heavy metal accumulation
in tomato grown on vertisol. International Journal of
Agricultural Science 8(53): 2788-2794.
Khankhane P.J., Aasfa T. and Patel A. 2017. Cadmium
tolerence and its enhanced potential of Arundo donax
by EDTA. Journal of Environmental Biology 38(2):
327-334.
Khankhane P.J.and Bisen H.S. 2016. Heavy metal extraction
by weeds in wheat and cauliflower irrigated with
sewage water. Indian Journal of Weed Science 48(1): 3336.
Kumar A., Nandan R., Singh K.K. and Ghosh D. 2016.
Integrated weed management in lentil (Lens culinaris)
in calcareous alluvial soils of Bihar. Indian Journal of
Agronomy 61: 75-78.
Monsefi A., Sharma A.R. and Zan N.R. 2016. Weed
management and conservation tillage for improving
productivity, nutrient uptake and profitability of
wheat in soybean (Glycine max) - wheat (Triticum
aestivum) cropping system. International Journal of
Plant Production 10(1): 1-12.
Moulick D., Ghosh D. and Santra S.C. 2016. Evaluation of
effectiveness of seed priming with selenium in rice
during germination under arsenic stress. Plant
Physiology and Biochemistry 109: 571-578.
Moulick D., Ghosh D. and Santra S.C. 2016. An assessment
of some physicochemical properties and cooking
characteristics of milled rice and associated health
risk in two rice varieties of arsenic contaminated
areas of West Bengal, India. International Journal of
Agricultural and Food Science 6(2): 44-55.
Rathore M., Singh R., Kumar B. and Chauhan B.S. 2016.
Characterization of functional trait diversity among
Indian cultivated and weedy rice populations.
Scientific Reports 6: 24176-24184.
Sarathambal C., Khankhane P.J., Gharde Y., Kumar B.,
Varun M., Arun S. 2017. The effect of plant growth
promoting rhizobacteria on the growth, physiology,
and Cd uptake of Arundo donax L. International Journal
of Phytoremediation 19(4): 360-370.
Sharma A.R. and Behera U.K. 2016. Response of wheat
(Triticum aestivum) to nitrogen fertilization under
varying tillage and crop establishment practices in
greengram (Vigna radiata)-wheat cropping system.
Experimental Agriculture 52(4): 605-616.
Sharma A.R., Bhullar M.S., Singh V.P., Singh M. and Das
T.K. 2016. Harnessing weed-fertiliser-water
interactions for higher crop productivity and
resource-use efficiency. Indian Journal of Fertilizers
12(11): 114-130.
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14

MONITORING AND REVIEW OF RESEARCH PROGRAMMES

14.1 Institute Research Committee (IRC) Meeting
The Institute Research Committee (IRC) meeting
was convened on 17-20 May, 2016 to review the progress of
ongoing research projects and actions taken on the
recommendations of IRC-2015. Dr. A.R. Sharma, Director
chaired the meeting, Dr. M.S. Kairon, Former Director,
ICAR-Central Institute for Cotton Research, Nagpur and Dr.
E.V.S. Prakasa Rao, Former Head, Central Institute of
Medicinal and Aromatic Plants, Bengaluru were the invited
resource persons. Dr. Sharma briefed about the Directorate's
ongoing research programmes and new initiatives taken for
strengthening the activities and visibility during 2016-17.
He acknowledged visible improvements in research. Dr.
Kairon emphasized the importance of weed management
for farmers. He stressed upon the publicity of the research
outputs, which need to be adopted by the farming
community. Dr. Rao elucidated the impact of weed
management on food production in the changing climate
scenario. Dr. Partha P. Choudhury, Member-Secretary, IRC
presented th e a cti on tak en repor t on general
recommendations of the previous IRC meeting. Salient
achievements during 2015-16 were presented by individual
scientists, followed by in-depth discussion and critical
remarks by the members, resource persons and the
Chairman.

14.2 Institute Management Committee meeting
The XXV meeting of Institute Management
Committee (IMC) was held on 17th January, 2017 under the
chairmanship of Dr. A.R. Sharma, Director, ICAR-DWR in
the presence of members Dr. S. K. Rao, Director of Research,
JNKVV, Jabalpur; Dr. S. K. Bandopadhyay, Principal
Scientist, Div. of Environmental Sciences, IARI, New Delhi;
Dr. D.P. Singh, Ex-Principal Scientist (Plant Physiology),
ICAR- NRRI, Cuttack, Odisha; Dr. O.P. Premi, Principal
Scientist (Agronomy), ICAR-DRMR, Bharatpur, Rajasthan;
Sh. K. S. Netam, Joint Director, DFWAD, Govt. of Madhya
Pradesh, Bhopal ; Sh. S. K. Verma, Administrative Officer,
ICAR-DWR & Member Secretary, and the research
programme leaders viz. . Dr. P.K. Singh, Principal Scientist
and Principal Investigator,
Research Programme-5, Dr.
Sushil Kumar, Principal Scientist
and Principal Investigator,
Research Programme-3, Dr.
Shobha Sondhia, Senior Scientist,
& I n- ch ar ge, AI CRP-W eed
Management, and Principal
Investigator, Research
Programme-4, Dr. Bhumesh
Kumar, Senior Scientist, and
Principal Investigator, Research
Programme-2.
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15.1

Institute Research Committee (IRC)



Research programmes initiated in 2012 are due to be
concluded in 2017. This year 2016-17 being the final
year, all the recommendations made during the
previous IRCs (2012, 2013, 2014 and 2015) must be
critically looked into and complied with. Therefore,
no new recommendations have been made during
the current IRC meeting.



Several publications/compilations are pending
since 2012. A specific deadline must be fixed by each
scientist to complete the assigned work within the
shortest possible time.



Senior-level scientists who did not publish their
research findings and accumulated all the data in the
notebooks over the last several years were advised to
stop further research in 2015 so that they can
concentrate on publications. They were allowed to
undertake limited research work in an emerging area
of weed science.



Weed management in organic farming systems
should be taken in identified crops / cropping
systems at the Directorate as well as AICRP centers
as per the instructions of the ICAR.



The experiments on conservation agriculture have
completed 3-4 cycles in different cropping systems.
Intensive analysis of soil chemical and physical
properties, herbicide residues and pest dynamics
should be undertaken.



On-farm research trials were undertaken on a large
scale since 2012, and now being further extended to
new areas under the MGMG programme. Impact
analysis of the technologies developed and adopted
by the farmers should be undertaken.



All possible activities should be undertaken in the
villages adopted under the MGMG programme so as
to see a complete transformation in the coming years.
Tree plantation may also be undertaken in
consultation with the school, panchayat, line
departments and other stakeholders.



Our research farm has achieved 300% cropping
intensity and all the crops are now being grown
exclusively under zero-till condition. This

Recommendations of Review Committees

achievement must be sustained and highlighted to
get more visibility and recognition to the Directorate.



Through our research, we must generate a visible
output in the form of quality research publications
and development of technologies on weed
management. Those who are not achieving any of
these, must do serious introspection and analyze
their role at the Directorate.

15.2

Research Advisory Committee (RAC)



Organic farming is being promoted on a large-scale
in recent years. There is an urgent need to develop
weed management technology in organic
agriculture involving important cropping systems.
Likewise, there is also a need to start work on weed
management strategies in important intercropping
systems especially under rainfed conditions, and
high-value crops.



There is a need to monitor weed dynamics in
different ecologies/farming situations by selecting
benchmark locations/sites. Weed dynamics and
herbicide residues may also be monitored in longterm trials of LTFE/farming systems.



Need to look into the possibility of containing cropspecific weeds like Orobanche, weedy rice etc.
through suitable crop rotations and other innovative
approaches.



Herbicide residues should be assessed in
vegetables/spices and in intensively cultivated
areas. Multi-residue methods may be validated for
monitoring of water and food commodities.



There is need for greater emphasis on validation of
recommended weed management technologies on
farmers' fields and impact assessment of the adopted
technologies.

15.3. Institute Management Committee (IMC)
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The commi ttee ap preci ated the res ea rc h
achievements and desired that work on conservation
agriculture should be further intensified with in
depth information.



Dr. S.K. Bandyopadhyay appreciated the work being
done on climate change and suggested to include
some other components while doing the experiment.
He further advised to take the RCP values for
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different projections (latitude/longitude) in respect
of Madhya Pradesh from the NRM Division, ICAR
and proceed further accordingly. He also assured
that he will make all the effort to include this
Directorate under NICRA, when this project is
extended in future.
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The committee again noted with concern that more
than half of the positions of scientists are vacant,
which is hampering the research work as per the
mandate of the Directorate. The committee
recommended that vacant positions in all the
disciplines should be filled-up so that the available
resources can be utilized optimally.



The committee recommended publication of quality
research papers in high impact journals indicated by
NAAS.



The amount saved from the construction of
Training-cum-farmers hostel, may be utilized for the
furnishing purposes of the same.



The budget deficit in AICRP-Weed Management is
increasing day by day. Therefore, it was
recommended that required funds may be provided
by the Council



On-farm research activities were appreciated. It was
desired that such activities should be continued and
impact analysis should be made.
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28oka LFkkiuk fnol lekjksg dk vk;kstu
Celebration of 28th Foundation Day

[kjirokj izca/ku ij vf[ky Hkkjrh lefUor vuqla/kku ifj;kstuk dh 23oha okf"kZd lewg cSBd
XXIII Annual review meeting of All India Coordinated Research Project on Weed Management
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xka/kh t;arh ij LoPN Hkkjr vfHk;ku dk vk;kstu
Celebration of Swachh Bharat Abhiyaan on Gandhi Jayanti
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d`f"k f”k{kk fnol dk vk;kstu
Celebration of Agriculture Education Day

fo”o e`nk fnol
World Soil Day
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SUMMARY OF ALL INDIA COORDINATED RESEARCH PROJECT ON WEED MANAGEMENT

This Directorate co-ordinates its network programme,
through All India Coordinated Research Porject on Weed
Management (AICRP-WM) which has 23 regular centres at
SAUs and 5 voluntary centres all over the India located in
different agro-climatic zones of the country. During 2016-17
main achievement were as follows:

WP 1 Development of sustainable weed
management practices in diversified cropping
systems

109

●

At Bengaluru, use of pre-emergence herbicidepyrazosulfuron-ethyl (25 g/ha) at DAS/P alone or
followed by passing cono weeder (45 DAS/P) reduced
the weeds density as compared to unweeded control in
the rice-green gram- rice system on 60 DAP/S.
Conventional tillage had slightly lower weed density
and weed dry weight as compared to zero tillage at 60
DAP/S. Transplanted and direct seeded rice had
almost similar weeds dry weight under conventional
tillage during Kharif, 2016.

●

At Bhubaneswar, CT(trans)-ZT-ZT system of tillage
recorded higher grain yield of rice in Rabi (4.2 t/ha) and
Kharif (4.1 t/ha). ZT(DSR)-ZT+R-ZT system resulted
the lowest grain yield as compared to CT-CT method in
both the seasons. Integration of ZT method with
butachlor 1.5 kg /ha resulted in the maximum B: C ratio
in the Kharif rice.

●

At Dapoli, application of pendimethalin + 1 HW at 40
DAS exhibited highest WCE in terms of growth of
weeds and consequently grain and straw yield of
mustard. Weed growth of monocots at all stages of
observation was significantly least in conventional
tillage over all other tillage practices and resulted in
increase in yield attributes and yield of mustard.

●

At Faizabad, the highest grain yield of wheat was
obtained in TPR (CT)- wheat (CT) under rice-wheat
system. However, in rice, maximum grain and straw
yield was recorded in CT-ZT-ZT treatment. Among
various conservation systems, maximum microbial
properties were observed under ZT+R, ZT+R and ZT
treatment.

●

At Ludhiana, ZT wheat + rice residue recorded lowest
seed bank of P. minor and R. dentatus in rice-wheat
cropping system. Wheat grain yield under ZT with
residues was higher than ZT without residues. In direct
seeded rice, higher seed bank of E. crus-galli, E. colona
and Dactylectenium aegyptiaum was found than
transplanted rice.
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●

At Pantnagar, maximum yield of wheat was achieved
by the conventional direct-seeded rice- conventional
wheat along with incorporation of Sesbania before rice
seeding in rice-wheat establishment methods in Rabi.
Whereas, in Kharif, among the weed management
approaches, integrated (herbicide+ HW) as well as
alone application of broad spectrum herbicide
(bispyribac-Na) was found effective in achieving the
better yield of rice.

●

At Raipur, weed dry matter was significantly low
under CT-(transplanted) than CT/ZT-direct seeded
treatments at all the stages. Significantly higher seed
yield of rice was recorded under recommended
practice i.e. pyrazosulfuron (20 g/ha) fb pinoxsulam
(22.5 g/ha) POE than unweeded check. The net income
and B:C ratio was higher under CT (transplanted).

●

At Jammu, in basmati rice-potato-french bean cropping
system, Cyperus spp. and Echinochloa spp. were
effectively controlled by mustard seed meal (2.5 t/ha)
in transplanted basmati rice under organic weed
management. However, highest rice grain yield was
recorded with mustard seed meal (2.5 t/ha) + one hand
weeding.

●

At Ranchi, placement of plastic mulch in okra recorded
significantly higher fresh okra yield (20.7 t/ha), net
return (Rs. 2,50,543/ha) and B:C ratio (1.53).

●

At Thrissur, mulching with polythene resulted in
highest fruit number, yield and weed control efficiency
in brinjal followed by spade weeding and hand
weeding. However, B:C ratio was highest with
chemical weed control.

●

At Pasighat, hand weedings at 25 and 50 days after
sowing in maize + soybean (1:1) and maize + black
gram (1:1) intercropping were effective in controlling
weeds and resulted in higher number of green cob per
hectare.

●

At Raichur, one intercultivation and hand weeding at
20 and 40 DAS recorded significantly lowest total weed
density, dry biomass, and yield of blackgram. Postemergence application of imazethapyr + imazamox (75
g/ ha) applied at 3-4 leaf stage of weed was found best
in suppressing weeds and getting higher grain and
stover yield of maize.

●

At Akola, integrated use of straw mulch either with
pendimethalin (1 kg/ha) or by metribuzin (0.7 kg/ha)
0-5 DAP fb straw mulch 10 t/ha (10 DAP) fb one HW (75
DAP) was found effective for weed control and
attaining the highest productivity and profitability in
turmeric.
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●

At Jorhat, 75% RD fertilizer + vermicompost (2 t/ha)
mixture at 3 splits (before sowing, 30 and 60 DAS) +
pretilachlor (750 g/ha) mixed with the first split
followed by HW at 30 DAS resulted better growth,
yield attributes and grain yield of upland direct seeded
rice.

WP 2 Weed dynamics and management under the
regime of climate change and herbicide resistance
●

Intensity of new weed Celosia argentea was found on
different Kharif fields' crops like maize, pigeonpea,
soybean and pulses in many parts of Gujarat.

●

Ludwigia peruviana has spread from Dhansiri catchment
area to several places of Morigaon and Kamrup districts
between 2010 to 2016.

●

Intensity of Lolium spp., is increasing in Sirsa and
Fatehba district. Pea crop in north-eastern districts of
state was severely infested with grassy as well as
broadleaf weeds viz. P. minor, Poa annua, Polypogon
monspeliensis, Coronopus didymus, Malwa parviflora,
Medicago denticulata etc. due to addition of FYM and its
succession after rice.

●

A new weed Nicotiana plumbaginifolia was observed in
wheat fields in district Ludhiana. Cyperus rotundus was
recorded in wheat and Rabi vegetables in Ludhiana.

●

Cassytha filiformis was found as a new weed in
Bengaluru.

●

Celosia argentea was observed to be a severe problem in
upland rice and Rabi pulses in the districts of Keonjhar.
The weed was invading mostly the upland areas nearer
to the foothills with the soil types belonging to light
textured red soils.

●

Seven isoproturon resistant P. minor populations have
shown signs of cross resistance to fenoxaprop-p-ethyl
and clodinafop; two populations were found resistant
to pinoxaden. Sulfosulfuron and mesosulfuron+
iodosulfuron provided satisfactory control on all
biotypes in Ludhiana.

WP 3 Biology and management of problem weeds in
cropped and non-cropped areas
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●

Germination of I. rugosum seeds was completely
inhibited by 320 millimol NaCl. Seeds of I. rugosum
were able to germinate over a wide pH range of 3-10.

●

Alternanthera bettzickiana had higher growth rate and
greater seed production potential than Alternanthera
brasiliana which accounts for its greater spread in
Thrissur.
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●

Biological studies of Melochia corchorifolia revealed that
its seed exhibited dormancy which could be classified
as seed coat dormancy. The time of emergence of the
weed is June-July and highest seed emergence was
from the soil surface to a depth of 5 cm.

●

In berseem fodder, Coronopus didymus was replacing
Chichorium intybus as a major weed. Cuscuta spp. was
emerging as a new weed. Sowing of mixture of berseem
seed with Chinese cabbage/oats is common to
suppress the weeds.

●

At Coimbatore, post-emergence directed application of
paraquat (0.80 kg/ha) resulted in lower weed coverage
of Cuscuta and other weeds and weed dry weight
among the herbicidal management in lucerne. Higher
green fodder yield and better economic returns could
be obtained with PE pendimethalin (1.0 kg/ha) + hand
weeding on 25 DAS followed by PE oxyfluorfen (250
g/ha) + hand weeding at 25 DAS.

●

At Jammu, complete control of parasitic weed
Dendrophthoe spp. was achieved with cotton padding of
copper sulphate + 2, 4-D sodium salt but it was slightly
phytotoxic on host fruit plants.

●

Fresh leaf leachates of eucalyptus and prosopis were
found promising in inhibiting germination and
seedling growth of Parthenium hysterophorus under
laboratory conditions.

●

After 3 month of release of beetles, an average 16
feeding scars/leaf were observed in water hyacinth
infested pond at Tanda village and nearly 5-10% (1
scale) die back symptoms were observed at Jammu.

●

Heavy infestation of sucking pest was observed on
water hyacinth plant in pond and 40 to 60 % plants were
dried at Gwalior.

WP 4 Monitoring, degradation and mitigation of
herbicide residues and other pollutants in the
environment
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●

At Ludhiana, residues of pendimethalin and
clodinafop applied continuously to wheat in the ricewheat cropping sequence were below the detectable
limit (0.01µg/g) in soil, grain and straw at harvest.

●

At Coimbatore, quizalofop-ethyl residues were below
detectable level (0.01 mg/kg) in harvest samples of
onion plant, bulb and field-soil irrespective of doses of
applications.

●

Addition of organic matter decreased persistence of
butachlor and pretilachlor. No residue could be
detected from 60 days after application at
Bhubaneswar.
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●

Adsorption equilibrium of penoxsulam was attained
within 6 hrs and adsorption increased with increase in
initial concentration of penoxsulam. The adsorption
was positively correlated with organic matter and clay
content.

●

At Palampur, preliminary kinetic studies revealed
maximum bispyribac-sodium adsorption within first
24 hrs.

●

Butachlor and pretilachlor residues were found below
detectable limit (BDL) in soil, grains and straw after
harvest of summer and winter rice at Jorhat.

●

Residues of 2,4-D, atrazine and pendimethalin were
found below detectable limits in water, soil and maize
grains at Coimbatore.

WP 5 On-farm research and demonstration of weed
management technologies, their adoption and
impact assessment
On-farm research
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●

At Jorhat, application of pendimethalin (750 g/ha preem) was superior to farmers' practice (2 hand
weedings) in terms of weed management and seed
yield of rice.

●

At Pantnagar, clodinafop-propargyl + metsulfuronmethyl (60+4 g/ha) performed better than
sulfosulfuron + metsulfuron-methyl (30+2 g/ha)
during Rabi 2015-16 in Tarai and Bhabar areas of
Uttarakhand in wheat crop.

●

At Udaipur, application of ready-mix sulfosulfuron
metsulfuron (30+2 g/ha) on wheat crop as postemergence increased the wheat grain yield by 62.5 %
over farmers practice (42.9 q/ha). During Kharif, weed
management in maize through tembotrion at 3-4 leaf
stage (15 DAS) increased the maize grain yield by 54.5%
over farmers practice.

●

At Faizabad, application of neem cake 200 kg/ha + soil
drenching of metalaxyl MZ 0.2% at 20 DAP on tobacco
to control the Orobanche cernua recorded higher tobacco
leaf yield (265.9 g/plant) followed by imazethapyr 0.03
kg/ha at 20 DAP (240 g/plant).

●

At Ludhiana, pre-mix herbicide, sulfosulfuron+
carfentrazone-ethyl (at 100 g/ha) and metribuzin+
clodinafop (500 g/ha) as post-emergence provided
effective control of broadleaf and grass weeds and
recorded similar wheat grain yield and economic
return compared to earlier recommended herbicides.

●

At Gwalior, application of imazethapyr + imazamox
(RM) (80 g/ha PoE) gave 64.5% increase of blackgram
yield over farmer practice with B:C ratio of 2.9 over 1.8
in farmer practice in Kharif 2016.
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●

Application of pinoxsulam (20 g/ha) as postemergence increased 23.6% grain yield over farmers'
practice along with a B:C ratio of 3.71 in direct line
seeded rice at Raipur.

Front line demonstration

114

●

At, Hisar, pretilachlor+pyrazosulfuron provided more
than 91.5% control of complex weed flora as against
83% by use of pretilachlor with 7.6 % increase in yield
over FP.

●

At Bhubaneshwar, six on farm trials on transplanted
rice were conducted during Rabi 2015-16 in Alsua
village, Cuttack district. It revealed maximum yield of
4.2 t/ha in pretilachlor (1.0 l/ha) applied field. A net
saving of ` 2500-3500/ha was achieved from herbicide
applied clots.

●

At Pusa, ten OFRs were conducted using the chemical
weed management technologies for rice crop (5 OFR) in
Kharif and wheat (5 OFR) in Rabi at different farmers'
field.
Pretilachlor (750 g/ha) fb chlorimuron +
metsulfuron (4 g/ha) at 25 DAT in rice and clodinafop +
metsulfuron (Premix) (60+4 g/ha) in wheat were
found effective in term of grain yield and B:C ratio over
farmers practices.

●

At Thrissur, farmers were convinced with efficacy of
oxyfluorfen as an alternative herbicide for diuron for
weed management in pineapple at very low
concentrations.

●

At Ludhiana, use of tractor operated multi-boom
sprayer for enhancing herbicides efficacy was
demonstrated in wheat at 109 locations in Sri Muktsar
Sahib, Patiala, Bathinda, Jalandhar, Moga and Amritsar
districts. Improved spray technology recorded 4.3%
higher wheat grain yield, 11.2% higher weed control
and ` 3627/ha higher net returns than conventional
spray technology.

●

Ten FLDs were conducted on farmer's field using
clodinafop + metsulfuron (Pre-mix) (60+4 g/ha) in
wheat crop in Bihar. The highest grain yield of wheat
(46.5 q/ha) was recorded by clodinafop + metsulfuron.
The net return and B:C ratio of farmer practice were `
23,413 per hectare and 1.89, respectively. Net return
and B:C ratio were ` 47,500 per hectare and 3.07,
respectively for clodinofop + metsulfuron.

●

Ten FLDs were conducted on farmer's field in Bihar
during Kharif 2016. The highest grain yield of rice
(4.1 t/ha) was recorded with pretilachlor 750 g/ha fb
chlorimuron + metsulfuron (4 g/ha) at 25 DAT. Mean
net return and B:C ratio of technology were ` 40,505/ha
and 2.61 respectively.
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Visit of Distinguished Visitors
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PERSONNEL
Scientific Staff
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dkfeZd
Personnel

Jh xTtwyky
Sh. Gajjulal

Jh xaxkjke dksy
Sh. Gangaram

Jh laryky jtd
Sh. Santlal Rajak

Jh egsUnz iVSy
Sh. Mahendra Patel

Jh larks"k jSnkl
Sh. Santosh Kumar

Jh usehpan dqehZ
Sh. Nemichand Kurmi

Jh eksgu yky nqcs
Sh. Mohan Lal Dubey
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20.5 J o i n i n g , P r o m o t i o n , T r a n s f e r a n d
Superannuation
Charge taken over
●

Dr. P.K. Singh takes over the charge of Director
(Acting) on 10 March, 2017.

Joining
●

Shri Sujeet Kumar Verma joined as Administrative
Officer on 18 November, 2016.

Promotions
●

Sh. Bhagunte Prasad, was promoted to T-4, Technical
Assistant (Tractor Driver) w.e.f. 29 June, 2016.

●

Sh. Premlal Dahiya, was promoted to T-4, Technical
Assistant (Driver) w.e.f. 29 June, 2016.

●

Sh. Dilip Sahu, was promoted to T-4, Technical
Assistant (Driver) w.e.f. 29 June, 2016.

Transfers
●

Dr. A.R. Sharma, Director was transferred to ICARIndian Agricultural Research Institute, New Delhi
after completion of the tenure as Director on 10
March, 2017.

●

Dr. Meenal Rathore, Sr. Scientist (Plant
Biotechnology) was transferred to ICAR-Indian
Institute of Pulses Research, Kanpur on 21 July, 2016.

●

Mr. V.C. Tyagi, Scientist was transferred to ICARIndian Grassland and Fodder Research Institute,
Jhansi on 30 March, 2017.

●

Sh. R.K. Giri, Administrative Officer was transferred
to ICAR-Indian Institute of Soil Science, Bhopal on 30
June, 2016.

Superannuation
●
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Dr. D.K. Pandey, Pr. Scientist (Plant Physiology)
retired on 31 August, 2016.
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WEATHER REPORT

Climate of Jabalpur is broadly classified as subtropical, characterized by very hot summers and cold
winters. Temperature ranged from 6.7–41.20C during 2016,
while the coldest months were December and January.
Average maximum temperature in the month of May was
41.20C. The Total annual rainfall was 1729 mm, most of
which (92.7%) was received during June–September. Total
annual evaporation was 50.6 mm. There was good rainfall in
the month of June, July, and August, which were 116.2,
621.9, 770.9 mm, respectively. There was no rainfall during
February, November and December. Climate change
impacts the crop yields both directly and indirectly. Direct
effects are mainly due to change in crop duration and
impacts on reproductive processes such as pollination and
fertilization. While the indirect effect are largely due to
changes in water availability, altered pest, disease and weed
dynamics. The maximum relative humidity during 2016
ranged from 46-92% (May and July) and minimum relative
humidity was 13-79% (April and August). Average
maximum daily sunshine in March and April (9.1 and 10.0
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hr) and the minimum in August (3.9 hr). Weather data was
obtained from the adjacent meteorological observatory of
JNKVV, Jabalpur (Table 21.1 and Figure 21. 1)
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Appendix-1
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dqy lexz Ldksfjax% 98-19

Total Composite Score 98.19

ntkZ% vfr mRd`"V

Rating: Excellent
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Glimpses of Swachh Bharat Abhiyan

,d dne LoPNrk dh vksj

