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~
FROM DIRECTOR'S DESK

National Research Centre for Weed Science has started its functioning since 1989 and is

engaged \n teseatch and de\le\o~ment0\ techno\o~\es'at 'Needmanatlemel\\' \,,~ ~l \ ~ ~ ~l\
the basic approaches 'tor deve\opin'g 'he \echno)og)' lor Weed ~anagement )m-ponante t5 Mds
as one of the pest in the overall plant protection programme is well known. Various Scientists at
NRCWS have conducted research which have been highlighted in this report. The major
programmes are based on basic and applied approaches in the direction of Weed Management for
crops, Biological Weed Management System, Weed Physiology and Mechanical methods for
controlling weeds. The thrust areas have been concentrated on developing and conducting
research programmes in rice, wheat, pulses and oilseeds. ~iological control of weeds using
pathogens and insects is in progress and has been further strengthened by research projects
approved by the Deptt. of Biotechnology and ICAR. During the year, the Centre has published 13
papers in various journals and abstracts read in the various symposiums, seminars and
workshops. Almost, all the Scientists of the Centre were sent to attend the various symposiums,
seminars and workshops.

There is a strengthening of lnfrastructural facilities. by providing modern research
equipments, computers and need based library to strengthen the research programmes and well
developed field experiment station at NRCWS where researches on various aspects of Weed

I

Management have been conducted at the field level.

A training programme on Weed Management was conducted for Subject Matter
Specialists and Officers of different State Deptt. of Agriculture. The QRT for evaluating the work of
the Centre and Research Advisory Committee for guiding the research programme have been
formed.

I take this opportunity to thank Dr. R.S. Paroda, Director General; Dr. M.Velayutham,
Ex-DDG(SA&AF); Dr G.B. Singh, DDG(SA&AF) and Dr P.C. Bhatia, ADG(Agro), ICAR for thElir
constant help in the working of this Centre. Scientists and other staff members of the NRCWS
deserves appreciation in developing, executing and reporting of various researches done at this

Centre which is still in the developing phase.

Grateful thanks to the Secretary, DBT for financing the research project on Biological
Control of Weeds using pathogens and also to the DG, ICAR for giving a project on Pest Potential
of mexican beetle for biocontrol of parthenium plants.

Director
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EXECUTIVE SUMMARY

The National Research Centre for Weed Science is a centre under the Adm(nistrative
control oUndian Council of Agricultural Research (ICAR). All the states of the country are served
through 24 centres inclusive of two voluntry centres of AICRP - Weed Control with their
headquarter at NRC-WS, Jabalpur.

The centre was set up in the year 1989 with the mandate of undertaking basic and applied
research for developing strategies for efficient weed management in different agroecological
zones, providing leadership role and coordinate the network research with SAUs for generating \
location specific technologies for weed management in different crops, cropping and farming
systems, acting as 'repository of information in weed science, acting as a centre for training in
research methodologies in area of weed science and management, collaborating with national and
international agencies in achieving the above objectives and providing consultancy.

LOCATION AND WEATHER

The centre is located between 22.49 & 24.8 North Latitude, 78.21 & 80.58 East Longitude
and at an Altitude of 411.78 metres above the mean sea level. Jabalpur comes under the
rice-wheat crop zone of the state. The average annual rainfall of this region is 1253.4 mm. The post
rainy season (mid October through January). also known as, the postmonsoon or rabi is dry and
cool with short days. The hot dry summer season starts from February and lasts until rains begin
again in June. '

The soils of the centre are dark grayish brown moderately alkaline AC horizon.

RESEARCH HIGHLIGHTS
-

The research highlights based on the approved research projects under each section are
being given below:

WEED MANAGEMENT

In soybean-wheat cropping system, Echinoch/oa cotonum, Comme/ina communis,
Ma/achra sp.and Alternanthera sp. in soybean and Chenopodium sp.,Medicago denticu/ata and
Cichorium intybus in wheat were the dominant weeds which brought 42.32 and 24.35 per cent
yield reduction in soybean and wheat, respectively. Significant reduction in the lowest weed
population and their dry weight was recorded by using low animal manure input system i.e. 50 per
cent of the recommended dose of nutrients supplied through FYM only followed by the treatment
which includes 25 per cent of the recommended NPK supplied throug~fVM 'and same per cent
through inorganic fertilizers. Highest grain yield of soybean and wheat was recorded with the
supply of recommended NPK through inorganic fertilizers. Amongst the weed control treatments,
application of pendimethalih (1.25 kg/ha) in soybean and isoproturon (1.0 kg/ha) in wheat reduced
the weed dry matter as well as their population and increased the yield of soybean by 28.78 per
cent and of wheat by 11.73 per cent, respectively. '
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While in maize-pea rotation, the highest weed population was recorded with low input
animal manure system i.e. 25 per cent of the recommended NPK through FYM and the same per
cent through inorganic fertilizers and FYM alone. The highest grain yield of maize and pea was
noted with the supply of NPK doses through inorganic fertilizers. Application of atrazine (1.0
kg/ha) in maize and pendimethalin (1.25 kg/ha) in pea increased the yield of maize by 29.41 per
cent and of pea by 9.62 per cent, respectively.

In soybean field, infestion of weeds brought about as high as 43.65 per cent reduction in
grain yield. Planting of soybean on 25th June and at wider row spacing (45 em) increased the grain
yield by 27.42 and 22.09 per cent, respectively. Amongst the weed control treatments, highest
grain yield was recorded with fluchloralin 1.25 kg/ha followed by pendimethalin (1.25 kg/ha) and
fluazifop-p-butyl (0.3 kg/ha). Lactofen @ 0.2 kg/ha gave the lowest weed population and gave
comparatively higher yield over other herbicides. Combination of lactofen (0.5 kg/ha) with
fluazifop-p-butyl (0.5 kg/ha) and sethoxydim at 0.5 kg/ha gave significantly higher yield of soybean.
Significant reduction in weed population was noted with the herbicide combination of
fluazifop-p-butyl + sethoxydlrn each at 0.5 kg/ha and the highest grain yield of soybean was
.recorded with fluazifop-p-butyl (0.5 kg/ha) + sethoxydim 0.25 kg/ha. Application of alachlor @ 2.0
kg/ha (PE) in granular formulation effected an excellent weed control and gave the highest grain
yield of soybean (1292 kg/ha).

In the case of soybean based cropping intensity trial the lowest weed population and its
dry matter were record~d with 300% cropping intensity which included growing of soybean -
mustard - moong during kharif and in fallow-wheat (100% CI) during rabi season. Similar trend was.
noted with regard to grain yield also. Application of pendimethalin (1.25 kg/ha) as PE in soybean
and isoproturon (1.0 kg/ha) PO in wheat and mustard reduced the weed population and increased
the grain yield by 39.75 and 34.0% during kharif and rabi season, respectively.

In case of rice based cropping intensity trial, during both the seasons, the lowest weed
population was recorded with rice-fallow (100%) and fallow-wheat (100%). The highest grain yield
was recorded with rice- fallow (100%) during kharif and rice wheat (200%) during rabi season.
Application of butachlor 1.5 kg/ha PE in rice and isoproturon 1.0 kg/ha PO in wheat increased the
grain yield 1B.18.ahd 36.BO% during kharif and rabi seasons respectively.

Application of glyphosate @1.5 kg/ha, followed by fluazifop-p-butyl @ 0.3 kg/ha PO
significantly reduced the number of Saccharum shoots/rn and its drY matter and increased grain
yield of soybean (1244.47 kg/ha).

Presence of weeds in rajmash field caused 67.7% reduction is grain yield of rajmash.
Increasing level of nitrogen from 0 to 40 kg/ha increased weed biomass, but it declined at BOkg/ha.
Hand weeding at 30 DAS was most efffective while Pendimethalin @ 1.0 kg/ha could not control
Cichorium intybus, overall resulting in poor weed control. Highest grain yield was recorded at 120
kg nitrogen /ha and weed freeplots. In crop- weed competition studies, initial 60 days weed free
period are necessary to obtain optimum yield level in rajmash.

Application of anilophos @ 0.4 kg/ha coupled with one hand weeding at 30 DAS resulted
in significant reduction in weed population in rice crop.
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Application of isoproturon @ 1.0 kg/ha in combination with 2,4-0 (0.5 kg/ha) applied 30
OAS gave the least weed dry weight and as well as minimum number of weed plants and resulted
in highest grain yield of 4103 kg/ha of wheat.

WEED PHYSIOLOGY, BIO CHEMISTRY AND BIOTECHNOLOGY

In Azolla, residue powder of parthenium flower was inhibitory at 0.25% (dry w/V) and lethal
at and above 0.50%. Leaf residue was lethal at 0.25%. While stem residue was inhibitory at 0.50%
root residues was found inhibitory at 0.75% to Azolla weed.

In case of Spiro della, lethal dose toxicity includes dessication of fronds from margin of
older ones to younger ones. Flower and leaf both residues at 0.25-0.50% (dry w/V) promoted
growth of Spirodella, but was inhibitory at 0.75%. While stem residues of parthenium promoted
growth at all the concentration 0.25-1.25%. Root residues promoted growth at 1.00%-.

In Najas, toxicity at lethal dose include dull green appearance of the leaves, loss of
chlorophyll and death and decay in 5-10 days. Flower and leaf residue powder were inhibitory to
najas at 0.1%. Stem and root residue both promoted growth of the treated plants at 0.25% but
were lethal at and above 0.50% and 0.75% -.

Parthenium residue treatment doubled the leakage of sugars, amino acids, inorganic
phosphorus and increased leakage of ONA and RNA nucleotldes and polypeptides. The results
also demonstrated that the membrane integrity loss in the roots caused by parthenium resulted in"
loss of cellular metabolites of all classes.

Cassytha residue reduced water absorption, caused excessive leakage at UV absorbing
substances and electrolytes from the roots of aquatic weeds. Allelochemicals, mainly phenolics,
also leached out of Cassytha residue into the medium killed the water hyacinth plants by causing
root disfunction and damaging membrane integrity ..

In rice, the occurance of Echinoch/oa cotonum and Commelina communis was lowest in
pretilachlor/isoproturon treatment sequence. While in wheat crop, the incidence of C. ficifolium, C.
intybus and P. minor were lo~est in Butachlor/isoproturon and M. denticu/ata in pretilachlor/
isoproturon herbicides treatment sequence of the seasons.

In soybean based cropping system and herbicide sequence, the weed population and
weed dry matter was lowest in metolachlor herbicide followed by pendimethalin in soybean crop.

In wheat, the lowest weed dry matter was recorded in weed free plot followed by
tralkoxydim, isoproturon and 2,4-0. The dominant weed species viz. C. ficifolium, C. intybus and P.
minor were best controlled by metolachlor/ 2,4-0 herbicide sequence treatments.

When 2,4-0 was applied before the application of herbicide protectants, the 2,4-0 toxicity
to the tomato plants was maximum and was at par with sole 2,4-0 treatment. However, when the
herbicide protectants were applied in 3 days advance before the application of 2,4-0, the herbicide
injury was the minimum in all treatments except jaggary which was at par with the control.

Linseed and pea residues had significant toxic effect on transplanted rice at 30 OAT but
subsequently had stimulatory effect. The incidence of dominant weeds such as Cyperus itie;
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Echinochloa colonum, Commelina communis and M. vaginalis was lowest in the high dose of pea,
mustard and linseed residues.

BIOLOGICAL WEED MANAGEMENT SYSTEM

Survey was conducted at Jabalpur to Katni, Mandla, Gadarwada, Kamal and Ludhiana for
the pathogens associated with Parthenium hysterophorus, Cyperus rotundus, Phalaris minor and
Echhornia crassipes. Samples collected showed leaf spots and wilting of Parthenium plants, deep
brown spots on water hyacinth, brown spots on Cyperus rotundus;

From these collected samples, the isolation of pathogens was carried out in the laboratory.
From Parthenium plants fungi like Fusarium sp., Sclerotium roftsii, cutvuterte sp., Alternaria
alternata were isolated. From Cyperus rotundus, Fusarium sp. and Puccinia sp. and from water
hyacinth, Acromonium sp. and Alternaria alternata were isolated.

Fungi like Alternaria alternata, F.pa!lidorbseum, Sclerotium roftsii & S. sclertiorum grew
better in mustard oilcake, Arhar chunee, pea chunee medias while Trichoderma viride grew very
fast on neem oilcake. .

Studies on effect of T. viride and S. roftsii spray on Parthenium indicated that maximum
. reduction in height, number of branches/plant and number of flowers/plant was obtained in

spraying these fungus from 8 to 30 DAS. Parthenium plants could completely be replaced by
marigold plant and there was no recovery of parthenium. Sunhemp plants grown in combination
with Parthenium, could replace the parthenium plants.

Neemcake + Trichoderma viride could inhibit the germination and seedlings' vigour of
Phalaris. Root length was reduced by Neem Cake + T. viride (600 + 150 g/m) with no adverse
effect on wheat crop.

Exotic insect called Neochetina sp, were found infesting water hyacinth at Jabalpur. The
intensity of weevil was more from August to october months. During the same survey, one more
insect i.e. Diacrasia obliqua was also found infesting water hyacinth.

During the survey, various weeds were observed for the insects' attack. The plants infested
with different types of insects were brought to the laboratory for identification. Some of them were
identified as host specific to some of the weeds. In the survey at Vindhya Nagar, it was noted that
Parthenium and Xanthium weeds were badly infested with stem and root borer of Oberia sp. But
Parthenium was very much affected more than Xanthium.

Studies revealed that Mexican beetle which was released in 1991 at Vindhya nagar, Distt.
Sidhi has spread upto about 20 km. During monthly survey, maximum population of beetle was
noted during -August. By the end of October, it was reduced drastically and in March, no
population was was also noticed that this beetle completes its life cycle on Xanthium. Larva did not
survive on leaves of the sunflower in laboratory. Amidst the high population of Petthenium,
sunflower was grown at Vindhya Nagar but no attack by the beetle was observed on sunflower.
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MECHANICAL WEED MANAGEMENT

In soybean, maximum weed control efficiency of 78.8 per cent was noted under the
treatment in which the mechanical weeder was used twice i.e. at 15 and 30 DAS. Similar results
were also noted with the same treatment in maize crop and maximum weed control efficiency was
to the tune of 79 per cent. .

TRANSFER OF TECHNOLOGY AND 'ON FARM RESEARCH'

Short term training course programme on "Weed Management : A tool for improving
crop production" of eight days from 8-15, January, 1996 was sponsored by the Ministry of Agri.
(Deptt. of Agri. & Coopn.), Directorate of Extension, Krishi Vistar Shawan, New Delhi and
conducted by NRC-Weed Science, Jabalpur. This training was given to Subject Matter Specialist
(SMS) and Officers of the State Deptt. of Agriculture from different states. The participants were
trained in the area of latest weed management technology. During the training period, they were
also ta~en to research fields for practical orientation.

(v)



1.0 GENERAL

1.1 INTRODUCTION:

The National Research Centre for Weed Science (NRCWS) was established by the Indian
Council of Agricultural Research (ICAR) on April 22nd, 1989, at Jabalpur, (Madhya Pradesh). The
centre is located adjoining to the complex of the Jawaharlal Nehru Krishi Vishwa Vidyalaya
(JNKVV), Krishi Nagar, Adhartal, Jabalpur, 482004. The experimental farm is 59.5 ha and is located
9 km from the main Jabalpur railway station on Jabalpur Allahabad section of national highway
number 7.

1.2 MANDATE:

The mandate of the centre is :-

a. To undertake basic and applied research for developing strategies for efficient weed
management in different agro-ecological zones.

b. To provide leadership role and coordinate the network research with State Agricultural
Universities for generating location specific technologies for weed management in
different crops, cropping and farming system.

c. To act as repository of information in weed science.

d. To act as a centre for training in research methodologies in area of weed science and
management.

e. To collaborate with National and International agencies in achieving the above
objectives.

f. To provide consultancy .

. 1.3 OBJECTIVES:

The objectives of the centre are :-

1. To undertake research work on biology, agro-ecology and physiology of weeds.

2. To study aquatic and problem weeds and their control.

3. Initial identification and evaluation of new herbicides and also development of
bio-herbicides for problem weeds.

4. Biochemistry of herbicides and its long-term effect on cropping system.

5. To develop technology for biological and non-chemical methods of weed control and
also development and testing of weed control equipments.

6. To generate data on residue estimation and management of herbicides in soil, water
and plants, cropped and noncropped situations and computer facility for data analysis
and record making.

7. To initiate research programme on integrated weed management.
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8. To conduct training programme in Weed Science.

9. To conduct "on farm testing" and operational research projects regarding the. use of
recommended and newly developed weed management technology at farmers' fields.

The AICRP on Weed Control with its Head Quarters at NRCWS and its 20 Centres inclusive.
of two voluntary centres located at various SAUs will work on applied research and on problems of
their region to provide instant answer to the socioeconomic needs concerning weed management
of their areas.

1.4 AREA OF WORK OF VARIOUS SECTIONS AND UNITS:

Weed Management:

I. Initial identification and evaluation of herbicides.

II. Weed Management in cropping system with emphasis on low land rainfed rice system.

III. Study of the long term effect of herbicides in important cropping systems.

IV. Designing and testing of weed control equipments (in association with Agril.
Engineering Unit).

Weed Biology and Ecology:

I. Study of biology and ecology of important weed species.

II. Study of weed shifts in cropped and noncropped situations.

III. Weed management in non-cropped situations .

.Biological Weed Management System:

I. Biological and non-chemical control of weeds.

II: Biology and control of aquatic, parasitic, perennial and problem weeds.

III. Weed management in non-cropped system.

Weed Physiology, Bio-Chemistry and Biotechnology:

I. Behaviour of weeds

II. Chemistry and mode of action of herbicides

III. Herbicide residue estimation and their management in soil- water-plant in cropped and
non-cropped situations

IV. Identification and development of bio-herbicides.

Transfer of Technology and 'On Farm Research':

I. Training programmes for human resource development;

II. 'On farm trials' and demonstrations; and

III. Consultancy services.

(2)



Mechanical Weed. Management:

Hesearch, development and testing of weed control equipment, crop protection
equipment and technologies related to crop production of food grains, oilseeds, pulses etc. To
work on integrated weed management practices in crop production using mechanical and
chemical and other methods of weed control. To generate energy requirements and economics of
integrated weed management practices in cropping system.

Information, Statistics and Training:

I. Planning, designing and development of softwares/systems in order to assist weed
scientists in weed science;

II. Maintenance of existing systems and developing database;

III. Users training for different software packages; and

IV. Updating computer centre with latest technology.

1.5 INFRASTRUCTURAL FACILITIES:

Farm

The National Research Centre for Weed Science has total area of 59.5 ha. Out of which
29.76 ha area was covered under kharif crops and 36.5 ha under rabi crops. NRCWS farm
provides facilities for field research and other field experimental activities.

Computer Unit

The centre has computer based data analysis and retrieval system to support scientists.
Centre has two computers and both of them belong to PC/AT-486 with VGA color monitor.

A computer technician looks after day to day activities of the computer and to provide the
assistance to the scientists and other workers in facilitating the use of computers. The centre's
computers has been further upgraded during the year under report. The computer cell provides
analysis of the research data, transparency and slide works, library work, publications of the
research papers,annual reports, weed news, research articles, AICRP-WC reports, Technical
reports preparation and conservation of various files, preparation of pay slips, monthly account
and financial reports and its submission to ICAR H.Q. and providing of E-mail services.

Library

!14 books have been purchased during the year. The centre is equipped with good library
facilities for the research support to the scientists. The centre's library continued its activity on
resource collection and renders its services to the readers. On 31.3.96, the library had a total of
689 books and subscribing for 10 international and 49 national journals.

(3)



basis.
In addition, bulletins, annual reports and newsletters are received on gratis/ exchanqe

Fig. 1 : Centre's Library

Reprographic Facilities

To meet day-to-day needs of administrative and research activities, two photocopier
(Xerox Machine) has been provided in the library and office.

Laboratory Facilities

In the centre, there are four aircondition laboratories having modern research equipments

such as spectrophotometer, BOD incubators, leaf area meters, pH meter, seed germinator, laminar

air flow, universal research microscope with photomicrographic attachment, stereozoom research

microscope, fine analytical balances, high speed refrigerated centrifuge, table top centrifuge,

vacuum evaporator, hot air ovens, deep freezer, platform shakers etc ..

Estate & Works

Centre's offices and its laboratories are housed in five HIG buildings purchased from M.P.

Housing Board Colony, Maharajpur adjoining to the NRC WS Research Farm. For providing better

environment of the buildings, they have been renovated to house computers, laboratories, office of

scientists and other staff. Works related to construction of NRC WS administrative office, its

laboratories and farm block at Research farm has been awarded to CPWD. During the period

under report, a workshop cum garage shed and an implement shed was constructed and

furnished.

(4)



1.6 STAFF POSITION:

The staff position during the period under report is depicted in Table - '1. For detail See
Annexure - I.

Table 1 : Staff Position as on 31.3.96 .

Category Sanctioned

Scientific 27* 11

Technical 27 19

Administrative 17 11

Supporting 25 25

Auxiliary 03 03

Filled Vacant

16

08

06

99 69 30

(*) Including one RMP Position of Director

1.7 RESEARCH COLLABORATION WITH OTHER INSTITUTES:

The Centre has a collaborative project on phosphate management in soybean-wheat
cropping sequence and on organic nitrogen management in rice-wheat cropping sequence with
Indian Institute of Soil Science (IISS), Bhopal.

The centre has two projects being run with the financial support of ICAR and Department
of Biotechnology in the division of Biological Weed Management System.

1.8 BUDGET:

The centre has total budget of Rs. 1,83,18,875 during the year out of which Rs. 229.84
lakhs was utilised in plan and Rs. 24.01 lakhs in non-plan. (for details, see Annexure II).

1.9 HUMAN RESOURCE DEVELOPMENT

Participation in seminar, symposia, conference, meeting etc. (for details, see Annexure
III).

(5)



2.0 AGROCLIMATE

2.1 LOCATION

The centre is located between 22.49 and 24.8 North latitude, 78.21 and 80.58 East
longitude and at an altitude of 411.78 metres above the mean sea level. Jabalpur comes under the
agroclimatic region of Kymore plateau and Satpura hills and lies in the rice-wheat crop zone of the
state. The climate of Jabalpur region is typically sub-humid and subtropical.

2.2 SOIL AND WEATHER

The soils of the farm belong to Kheri series. The Kheri series is a:member of the very fine,
montmorillonitic, hyperthermic family of Typic Chromusterts. Kheri soils have dark grayish brown
moderately alkaline AC horizons. They have developed in basaltic alluvium on level to very gently
sloping Piedmont plains in Jabalpur and Narsinghpur districts of Madhya Pradesh at an elevation
of 375 to 400 metre above MSL. The principal associated soil is Adhartal series, a vertic
Ustochrept.

For the period under report the metrological data of Jabalpur is given in Table 2.

Table 2: Meteorologica! data for the year 1995-96.

Month Temperature Humidity Rain- Wind Sun Vapour Pressure
°C % fall Velocity shine (mm)

Max. Min. AM PM (mm) (krn/ (hr/ AM PM
hr) day)

37.4 20.3 60 21 8.9 2.6 8.8 12.8 9.6

40.2 26.8 48 23 4.4 7.9 14.4 11.6

40.5 27.7 56 33 63.9 5.5 7.1 16.8 15.2

32.1 25.3 86 72 495.6 5.7 3.9 21.5 22.5

29.7 24.4 94 80 475.0 4.5 3.0 2.5 23.4

31.4 23.5 93 68 136.3 2.6 6.8 21.8 22.2

31.9 19.3 93 49 52.3 1.2 8.4 17.4 16.6

28.9 12.3 89 37 1.6 8.3 10.5 10.6

26.2 10.9 93 49 31.3 1.2 7.3 9.6 11.5

23.1 11.2 95 62 74.2 2.0 6.0 10.2 12.5

27.5 11.1 89 44 52.6 1.8 8.5 9.6 10.8

34.2 16.7 75 30 8.6 2.7 8.4 11.7 11.1

April,95

May

June

July

August

September

October

November

December

January, 96

February

March,96
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3.0 RESEARCH HIGHLIGHTS

3.1 WEED MANAGEMENT

WM-6-a : Effect of animal manure input on the emergence of weeds and their management

V.P. Singh and V.M. Bhan

An experiment was designed' by keeping in view the evaluation of the long term effect of
animal system using manures on intensity and diversity a! weed flora in diverse rotation of lequrnes
and cereals. The treatments consisted of T1 ( low input animal system using manure l.e. 50% of
recommended dose of nutrients supplied through FYM only), T2 ( low input animal system using
manure Le 25% of recommended NPK supplied through FYM and 25% through inorganic
fertilizers), T3 (recommended NPK supplied through inorganic fertilizers), and T4 (recommended
NPK supplied through FYM only), alongwith sub-treatments weedy, weed free and herbicides as
per crops.

In soybean-wheat cropping system, Echinoch/oa cotonum, Commelina communis,
Ma/achra sp. and Alternanthera sp. were the major weeds in soybean and Chenopodium spp.,
Medicago denticulete and Cichorium intybus were dominant in wheat. The weed population, its
dry matter and grain yield of crops were significantly influenced with farming systems. In both the
crops, the weed population and its dry matter recorded with T3 being at par with T4 were
significantly higher over T1 and T2, respectively. The highest grain yield of soybean (1667.13 kg/ha)
and wheat (4037.03 kg/ha) were recorded with T3 which was significantly higher over rest of the
treatments.

Weeds caused 42.32 per cent reduction in grain yield of soybean and 24.35 per cent in
wheat. Application of pendimethalin 1.25 kg/ha in soybean and isoproturon @ 1.0 kg/ha in wheat
significanUy reduced the weed population and its dry matter, and increased the grain yield of
soybean and wheat by 28.78 per cent and 11.73 per cent, respectively.

In maize-pea cropping system, Echinoch/oa cotonum and Commelina sp. in maize and
Chenopodium sp. and Cichorium intybus were dominant in pea. The highest weed population was
recorded with T2 and T4 ln-rnaize and pea, respectively. However, the highest weed dry matter was
recorded with T3 in both the crops. Farming system also influenced the grain yield. The highest
grain yield of maize (2645.99 kg/ha) and pea (1956.50 kg/ha) was recorded with T3 which were
significantly higher over rest of the treatments.

Application of atrazine 1.0 kg/ha in maize and pendirnethalln.t.zs kg/ha in pea significantly
reduced the weed population and its dry matter production and increased the yield by 29.41 and
9.62 per cent of maize and pea, respectively.

(8)



Table 3: Weed population, weed dry matter and yield of crops as influenced by organic
farming in soybean-wheat rotation

Treatments Weed popuratlon/m'' Weed dry matter (g/m2) Grain
yield

30DAS 60DAS 30DAS 60DAS (kg/ha)

Soya- Wheat Soya- Wheat Soya- Wheat Soya- Wheat Soya- Wheat
bean bean bean bean bean

Farming system
T1 10.00* 10.24 6.74 9.75 7.27 2.72 12.26 4.45 993 3083

(99.50) (104.36) (44.93) (94.56) (52.35) (6.90) (149.81) (14.30)

T2 9.24 10.44 6.49 9.52 7.49 2.77 12.54 4.88 1045 3421

(84.88) (108.49) (41.62) (90.13) (55.60) (7.17) (156.75) (23.31)

T3 9.34 10.24 8.06 10.90 8.44 3.30 15.31 5.56 1667 4037

(86.74) (104.36) (64.46) (118.31) (70.73) (10.39) (233.90) (30.41)

T4 10.00 10.05 7.16 10.56 7.43 2.95 13.90 5.26 1120 3106

(99.50) (100.50) (50.77) (111.44) (54.70) (8.20) (192.71) (27.16)

CD at 5% NS· NS 0.59 0.94 NS NS 1.30 0.75 170 139

Weed management
Weedy 10.95 11.56 8.58 13.22 8.73 3.43 16.51 6.51 912 2934

(119.40) . (133.13) (73.12) (174.27) (75.71) (11.26) (260.32) (41.88)

Weed 0.71 0.71 0.71 0.71 . 0.71 0.71 0.71 0.71 1581 3878

Free (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Herbicide 8.33 8.92 5.65 7.15 6.58 2.43 10.85 3.56 1126 3424
)

(68.89) (79.07) (31.42) (50.62) (42.80) (5.40) (117.22) (12.17)

CD at 5% 1.12 0.67 0.42 0.66 0.82 0.33 0.92 0.53 147 I 121

*Transformed value by V (X+O.5)
Original values are in parenthesis
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Table-4: Weed population, weed dry matter and yield of crops as influenced by organic
farming in maize-pea rotation

Treatments Weed population/rn/ Weed dry matter (g/m2) Grain
yield

30 DAS 60 DAS 30 DAS. 60DAS (kg/ha)

Maize Pea Maize Pea Maize Pea Maize Pea Maize Pea

Farming system

'Tl 5.01* 13.27 6.26 8.00 9.31 4.27 12.3 8.40 2224 1512
(24.60) (175.59) (38.69) (63.50) (86.18) (17.73) (152.76) (70.06)

T2 5.87 13.47 7.74 10.55 10.17 4.63 12.75 9.53 2239 1563
(33.96) (180.94) (59.41) (110.80) (102.93) (20.94) (162.06) (90.32)

T3 5.04 13.24. 6.93 9.27 11.53 4.47 13.53 10.42 2646 1957
(24.90) (174.80) (43.46) (85.43) (132.44) (19.48) (182.56) (108.08)

T4 4.98 16.04 6.55 11.85 10.28 4.26 12.7 79.82 2410 1650
(24.30) (256.78) (42.40) (139.92) (105.18) (17.65) (162.57) (95.93)

CD at 5% 0.63 1.37 0.77 0.88 1.06 NS 0.68 0.87 146 110

Weed management

Weedy 7.04 16.91 8.82 12.72 11.51 5.29 14.51 11.18 1183 1403
(49.06) (285.45) (77.29) (161.30) (131.98) (27.48) (210.04) (124.49)

Weed free 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 3492 1896
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Herbicide 3.41 1.11 4.92 7.11 9.13 3.53 11.21 7.90 2465 1713
(11.13) (122.93) (23.71) (50.05) (82.86) (11.96) (125.16) (61.91)

CD at 5% 0.44 0.97 0.54 0.62 0.75 0.43 0.48 0.62 127 95

*Transformed valued by ,((X +0.5)
Original values are in parenthesis

WM-7-a-ii : Interaction of Vicia densities in Lentil

J.S. Mishra, V.P. Singh and V.M. Bhan

Interaction of Vicia densities from 0 to 180/m2 significantly reduced' the pods/plant,
grains/plant' and grain yield of lentil. Significant reduction in grain yield was obtained even at 30
Vicia densltles/rn'' compared to weed free plots. The differences in grain Yield from 30 to 90
vicia/m2 were not significant. A density of 120 Vicia/m2 being at par with '150 and 180 vicia/m2

caused significant reduction ln.qraln yield of lentil compared with 90 vicia/m2. Increasing densities
significantly increased the dry and grain weight of Vicia sativa.

(.10)



Table 5: Interference of vicia densities in lentil

Vicia
density/

m2

1000 grain Pods/ Grains/ Lentil Dry wt.* Grain wt.*
wt. of plant . plant grain Vicia of of Vicia
lentil ../ yield (g/m2) (g/m2)

(g) (g/m2)

21.70 33.7 33.0 56.7 0.71 0.71

21.33 33.7 28.7 8.0 6.62 2.96

21.67 31.0 27.7 47.7 6.98 3.34

20.00 30.0 25.7 42.0 7.22 3.17

20.00 29.7 19.7 31.0 8.59 4.29

19.67 26.3 19.3 29.7 9.60 4.52

19.33 24.3 19.3 29.7 11.0 44.63

NS 6.9 5.1 8.4 0.54 0.46

o
30

60

90

120

150

180

CDat 5%

* Valuestransformed by V (X+0.5)
Grain Yield of lentil Q/m~

o 30 60 90 120
Vlcla danslfy/mJ.

Figure 3 Interference of Vicia densities in lentil.
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WM-11-b : Effect of date of sowing, row spacing, weed control measures on weeds and
grain yield of soybean (Glycine max L.)

V.P. Singh and V.M. Bhan

An experiment was carried out to find out the suitable date of sowing with appropriate row
spacing and weed control measures for reducing the weed pressure and getting higher yield of
soybean. Treatments consisted of two dates of sowing (25, June and 15, July), two row spacing
(22.5 and 45.0 cm) and five weed control treatments (weedy, weed free, fluchloralin 1.25 kg/ha,
pendimethalin 1.25 kg/ha and fluazifop-p-butyl 0.3 kg/ha), in split plot design with three

Table 6: Effect of date of sowing, weed control measures and row spacing on weeds and
grain yield of soybean.

Treatments Weed population/m2 Weed dry matter (g/m2) Grain
yield

30DAS 60DAS 30DAS 60DAS (kg/ha)

Date of sowing
25th June 11.46* 7.95 11.46 14.17 1329.19

(130.83) (62.70) (130.83) (200.29)

15th July 5.70 4.85 7.26 10.05 964.71
(31.99) (23.02) (52.21) (100.50)

CD at 5% 2.14 0.68 2.34 1.11 331.79
Weed Management
Weedy 7.80 5.33 7.89 10.70 1229.53

(60.34) (27.90) (61.75) (100.90)

Weed Free 7.46 5.43 8.35 11.71 1158.50
(55.15) (28.98) (69.22) (136.62)

Fluchloralin 8.23 5.53 8.81 11.39 1107.69
1.25 Kg/ha (67.23) (30.08) (77.12) (129.23)

Pendimethalin 0.71 0.71 0.71 0.71 1432.05
1.25 Kgiha (0.00) (0.00) (0.00) (0.00)

Fluazifop-p- 10.81 9.30 12.39 15.25 806.99
butyl 0.3 Kg (116.36) (85.90) (153.01) (232.06)

CD at 5% 1.14 0.51 1.65 1.05 171.44

Row spacing

22.5 Cm. 7.00 5.58 s.zs 10.99 1004.52
(48.50) (30.64) (67.73) (120.28)

45.0 Cm. 10.15 7.22 10.46 13.22 1289.39
(102.52) (51.63) (108.91) (174.27)

CD at 5% 0.64 0.46 0.71 0.52 61.78

* Values transformed by V (x+o.S)
Original values are in parenthesis
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replications. The field was heavily infested with Echinochioe colonum, E. glabrescense,
Commelina communis and Malachra capitata.

Date of sowing had major influence over weed population and weed dry matter at all the
crop growth stages. Though with the advancement of the date of sowing from 25th June to 15th
July, the weed population and its dry matter were decreased significantly but the grain yield was
significantly higher when crop was planted on 25,June. The weed population and its dry matter
was significantly reduced and was lowest under fluchloralin 1.25 kg/ha which was at par with
pendimethalin (1.25 kg/ha) and fluazifop-p-butyl (0.3 kg/ha). With increase in the row spacing from
22.5 to 45.0 cm, the weed population and its dry matter increased significantly.

Weed caused 43.65 per 'cent reduction in grain yield. The highest grain yield (1229.53
kg/ha) was recorded with fluchloralin 1.25 kg/ha which was found at par to pendimethalin @ 1.25
kg/ha and fluazifop-p-butyl @ 0.3 kg/ha, respectively. Row spacing and date of sowing showed
significant effect over grain yield. Sowing on 25th June and at wide spacing (45.0 ern) increased
the yield by 27.42 and 22.09 per cent, respectively.

WM-11-c : Influence of post em. herbicides alone and in combination on weeds and grain
yield of soybean

V.P. Singh, Anil Dixit and V.M. Shan

This experiment was laid out with a view to observe the influence of post emergence
herbicides applying them alone and in combination on weed growth and grain yield of soybean.
The treatments consisted of eleven treatments (Table-7) designed in randomized block design with
three replications.

The experimental field was heavily infested mainly with Commelina communis,
Alternanthera sessilis and Echinochloa colonum weeds. The data produced in table revealed that
the combination of post em. herbicides has proved better than the herbicides applied alone in
reducing the weed population and its dry matter production. The application of Lactofen 0.2 kg/ha
alone (being at par with fluazifop- p-butyl @ 0.5 kg/ha and sethoxydirn @ 0.5 kg/ha) gave the
lowest weed population and its dry matter production.

Among the herbicidal combinations, the lowest weed population and its dry matter were
recorded under lactofen combined with fluazifop-p- butyl and sethoxydim (each at 0.5 kg/ha)
which was comparable to lactofen 0.2 kg/ha + fluazifop-p-butyl 0.25 kg/ha and lactofen 0.2 kg/ha
+ sethoxydim 0.25 kg/ha herbicide combination.

Weed caused 49.96 per cent reduction in grain yield of soybean. The herbicidal
combinations gave comparatively higher grain yield of soybean over herbicides applied alone. The
significantly higher yield of soybean was obtained under lactofen (0.1 kg/ha) combined with
fluazifop-p-butyl and sethoxydim, each at 0.25 kg/ha, (2247.37 kg/ha) over rest of the treatments,
except lactofen 0.2 kg/ha + fluazifop-p-butyl 0.25 kg/ha.

(13)



Table 7: Influence of post emergence herbicides alone and in combination on weeds and
grain yield of soybean

Treatments Weed popuiation/m2 Weed dry matter (g/m2) Grain
yield

30DAS 60DAS 30DAS 60DAS (kg/ha)

T1 Lactofen 8.26 8.06 11.81 9.81 1750.70
0.2 kg/ha {PO)

T2 Fluazifop-p- 8.90 8.48 13.27 10.76 1692.97
butyl 0.5 kg/ha (PO)

T3 Sethoxydim 9.19 9.21 13.64 11.07 1565.10
0.5kg/ha (PO)

T4 T1 + T2 8.07 7.21 10.91 9.18 1935.10
0.2 + 0.125 kg/ha

Ts T1 + T2 5.79 6.16 9.82 7.99 2078.97
0.2 + 0.25 kg/ha

T6 T1 + T3 8.18 7.74 10.90 9.56 1778.93
0.2 + 0.125 kg/ha

T7 T1 + T3 6.14 7.00 10.12 8.09 1921.07
0.2 + 0.25 kg/ha

Ta T2+T3 7.58 7.29 9.86 9.08 1805.27
0.25 + 0.25 kg/ha

Tg T1+T2+T3 5.63 6.07 8.66 7.30 2247.37
0.10 +0.25 + 0.25 kg/ha

Tw· Weed free Check 0.71 0.71 0.71 0.71 2015.80
Tn WeedyCheck 12.54 12.62 15.67 16.16 1258.76
CD at 5% 1.40 1.62 1.75 1.82 195.48

* Values transformed by Y (X+0.5)
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WM-11-d: Weed management studies in soybean.

V.P. Singh and V.M. Bhan

An experiment was carried out to find out the suitable integrated weed management
practices which includes the herbicidal application alone, their mixture and in combination with
hand weeding in soybean. The experiment was designed in randomized block design with ten
treatments replicated thrice (Table-B). Echinoch/oa cotonum, Commelina communis and
Alternanthera sessi/is were dominant weed flora in the field.

Significantly lowest weed population and dry matter was noted with one hand weeding at
25 DAS at 40 days crop stage. But at later crop growth stages, the significantly lowest weed
population and its dry matter production were recorded with fluazifop-p-butyl 0.5 kg/ha and
sethoxydim 0.25 kg/ha both followed by one hand weeding performed at '25 DAS*. Among the
herbicidal combinations, comparatively the lowest weed population and weed dry matter
production was noted with fluazifop-p-butyl (0.5 kg/ha) + sethoxydim (0.25 kg/ha) which was
significantly superior to sethoxydim 0.5 kg/ha alone. .

Highest grain yield of soybean was recorded with fluazifop-p-butyl 0.5 kg/ha +
sethoxydim 0.25 kg/ha) which was at par with fluazifop-p- butyl 0.25 kg when it was combined with
one hand weeding 25 DAS and sethoxydim 0.5 kg/ha, separately.

Table - 8 : Effect of fluazifop-p-butyl and sethoxydim alone and in. combination with hand
weeding· on weeds and grain yield of soybean

Treatments Weed population/n? Weed dry matter (g/m2) Grain
yield

30 DAS 60 DAS 30 DAS '60 DAS (kg/ha)

7.42 7.51 13.13 12.92 1821.07

8.04 7.92 14.77 13.85 1798.27

6.81 6.26 12.05 11.64 2135.10
7.20 6.42 12.17 12.81 2038.60
7.35 6.51 14.53 13.95 1850.90

4.67 7.76 7.45 12.85 1912.27
8.42 4.58 16.93 6.84 2043.87

8.90 4.60 17.46 7.11 1915.50

0.71 0.71 0.71 0.71 2529.83
11.28 9.12 21.30 21.24 1245.60

1.06 0.79 1.68 1.42 182.46

T1 Fluazifop-butyl
0.5 kg/ha (PO)

T2 Sethoxydim
0.5 kg/ha (PO)

T3 T1 + T2 0.5 +0.25 kg/ha
T4 T1 + T2 0.25 +0.5 kg/ha
Ts T1 + T2

0.25 + 0.25 kg/ha
T6 1 HW at 25 DAS
T7 Fluazifop 0.25 kg/ha

*fb. 1 HW at 25 DAS
Ta SethoxydimO.25 kg/ha

*fb. 1 HW at 25 DAS
Tg Weed free
T10 _Weedy
CD at 5%

*Values transformed by ...;(X +0.5) DAS - Day after Spraying.
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WM-5-b: Study on the effect of soybean based cropping intensity on distribution of weed
flora

V.P. Singh and V.M. Bhan

An experiment was laid out to find out the influence of soybean based cropping intensity
on the distribution of weed flora and their control. Experiment consisted of 4 cropping intensity
alongwith weedy, weed free and herbicide as per crop (Table - 9a & 9b) and replicated thrice in
split plot design. .

Echinochloa colonum, Commelina and Malachra sp. during kharif and Chenopodium sp.,
. Phalaris minor and Medicago denticulata during rabi season were main dominant weed flora. The

lowest weed population and its dry matter production were recorded with
soybean-rnustard-moonq (300% CI) fb. soybean-wheat (200% CI) during kharif season. While
during rabi season the lowest weed population and its dry matter production was with
Fallow-wheat (100% CI). Similar trend was also noticed for grain yield.

Application of pendimethalin 1.25 kg/ha PE in soybean and isoproturon 1.0 kg PO in wheat
and mustard reduced the weed population and dry matter and increased the grain yield by 39.75 &
34.0 per cent during kharif and rabi season, respectively.

Table-9a : Effect of soybean based cropping intensity on Kharif weeds and grain yield of
soybean

Treatments

Cropping intensity
Soybean-Wheat
(200%)

Soybean-Mustard-
Moong (300%)

Soybean-Fallow
(100%)

Fallow-Wheat (100%)
CD at 5%
Weed Control
Weedy

Weed population/rnf Weed dry matter (g/m2)

30 DAS 60 DAS 30 DAS 60 DAS

10.28* 8.58 • 10.87 15.49
(105.17) (73.11) (117.65) (239.44)

7.42 5.95 10.52 15.17
(54.55) (34.90) (110.17) (229.62)

8.57 7.26 11.46 17.40
(72.94) (52.20) (130.83) (302.26)

1.21 0.48 NS 1.75

10.72 9.04 12.86 19.66
(114.41) (81.22) (164.87) (386.01)

0.71 0.71 0.71 0.71
(0.00) (0.00) (0.00) (0.00)

6.80 5.49 9.03 12.38
(45.74) .(29.64) (81.04) (152.76)

0.53 0.46 0.58 0.80

(16)

Weed free

Pendimethalin (PE)
1.25 kg/ha
CD at 5%

Grain
yield

(kg/ha)

1308.09

1720.19

·1275.77

202.46

1087.89

1805.56

1410.60

106.88



Table-9b : Effect of soybean based cropping intensity on rabi weeds and soybean
equivalent yield

Treatments Weed population/m2 Weed dry matter (g/m2)

30 DAS 60 DAS .' 30 DAS 60 DAS

Grain
yield

(kg/ha)

Cropping intensity
Soybean-Wheat 13.89 14.14 3.32 6.57 1770.9
{200%} {192.98} (199.43) (10.52) (42.66)
Soybean-Mustard- 15.89 . 15.99 4.33 6.67 1518.5
Moong {300%} {251.~9} (255.18) {18.42} (43.98)
Soybean-Fallow (100%)
Fallow-Wheat 11.56 13.68 3.23 4.52 2130.8
(100%) {133.13} {186.64} (9.93) {19.93}
CD at 5% 1.08 NS 0.17 0.66 170.1
Weed Control.
Weedy 15.71 18.20 4.07 7.75 1397.5

{246.30} (330.74) {16.06} {59.56}
Weed free 0.71 0.71 0.71 0.71 2117.8

(O.OO) (O.OO) (O.OO) (O.OO)
Isoproturon (PO) 11.85 11.01 3.20 4.09 1904.9
1.00 kg/ha {139.92} {120.72} (9.74) {16.22}
CD at 5% 0.83 0.80 0.15 0.68 49.54

* Values transformed by V (x+O.S)
Originalvalues are in parenthesis

WM-5-a : Influence of rice based cropping intensity on the distribution of weed flora and its control

V.P. Singh and V.M. Bhan

Echinochloa spp. and Commelina communis during kharif season and Chenopodium
spp., Phalaris minor, Cichorium sp. and Trifolium flagiferum during rabi season were main
dominant weed flora in the experiment.

Cropping. intensity system significantly influenced the weed population and weed dry
matter during both the season of experimentation. During both the season, the lowest weed
population and weed dry matter were recorded with Rice-Fallow {100% CI} and Fallow-Wheat
{100% CI} which were significantly lower over the rest of the treatments. As regards grain yield is
concerned, cropping intensity system also influenced the grain yield during both the season. The
highest grain yield was recorded with Rice-Fallow {100% CI} during kharif season and Rice-Wheat
{200% CI} during rabi season.
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The application of butachlor 1.5 kg/ha PE in rice and isoproturon 1.0 kg PO in wheat and

mustard reduced the weed population and weed dry matter and increased the grain yield by 18.18
and 36.80 per cent during kharif and rabi season, respectively.

- 'Iable 10 : Effectof Rice based cropping intensity on kharif weed population, weed dry
matter and grain yield of rice

Treatments Weed populanon/rn'' Weed dry matter (g/m2)

30 DAS 60 DAS 30 DAS 60 DAS

Grain

yield

(kg/ha)

Cropping intensity.
Rice-Wheat 4.42* 5.03 9.82 13.73 5486.5
(200%) (19.03) (24.80) (95.93) (188.01)

Rice-Mustard-Moong 4.31 5.82 10.13 14.14 5386.5
(300%) (18.07) (33.37) (102.11) (199.43)

"
Rice-Fallow 3.97 3.29 9.18 11.37 5515.0
(100%) (15.26) (10.32) (83.77) (128.77)

Fallow-Wheat (100%)

CD at 5% 0.28 1.45 NS 1.78 NS
Weed Control.
Weedy 4.65 5.29 10.67 14.25 4891.3

(21.12) (27.48) (113.34) (202.56)

Weed free 0.71 0.71 0.71 0.71 5978.3
(O.OO) (O.OO) (O.OO) (O.OO)

Butachlor (PE) 3.82 4.13 8.75 11.91 5519.3
1.50 kg/ha (14.09) (16.55) (76.06) (141.34)

•CD at 5% 0.31 0.61 0.88 0.64 256.9

.• * Values transformed by V (x+o.S)

Original values are in parenthesis
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Table 11 : Effect of Rice based cropping intensity on rabi weed population, weed dry matter
and equivalent grain yield of rice

Treatments Weed populatlon/rn'' Weed dry matter (g/m2)

30 DAS 60 DAS 30 DAS 60 DAS

Cropping intensity.
Rice-Wheat 16.06 13.38 2.76 5.69
(200%) (257.42) (178.52) (7.11) (31.87)

Rice-Mustard-Moong 20.85 19.23 3.05 6.01
(300%) (434.22) (369.29) (8.80) (35.62)

Rice-Fallow (100%)

Fallow-Wheat 14.85 11.35 2.40 4.94
(100%) (220.02) (128.32) (5.26) (23.90)

CD at 5% 1.53 : 1.50 0.36 1.02

Weed Control

Weedy 20.58 19.90 3.17 6.84
(423.03) I (395.51) (9.54) (46.28)

Weed free 0.71 0.71 0.71 0.71
(0.00) (0.00) (0.00) (0.00)

Isoproturon (PO) 13.92 9.40 2.30 4.25
1.00 kg/ha (193.26) (87.86) (4.79) (17.56)

CD at 5% 1.43 2.17 0.43 0.59

Grain
yield

(kg/ha)

4295.4

2457.6

4121.9

276.0

2843.2

4498.1

3533.5

373.8

* Values transformed by"'; (X+0.5)
Original values are in parenthesis

VM-2-d : Impact of glyphosate and fluazifop-p-butyl on Saccharum spontaneum and grain
yield of soybean

V.P. Singh and V.M. Bhan

An experiment was carried out with a view to study the influence of glyphosate (applied 15
days before sowing) and fluazifop-butyl (21 days after sowing) on the control of Saccharum in a
soybean stand. It consisted of nine treatments (Table-12) in randomised block design with three
repHcations.

The results, produced in table-12, revealed that at early stage of the crop growth,
application of glyphosate followed by fluazifop-p- butyl (PO) reduced the number of Saccharum
shoots/rn and its dry weight when it was compared with glyphosate applied alone. But at 60 DAS
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there was significant reduction in the number of Saccharum shoots and dry weight with glyphosate

1.5 kg followed by fluazifop-butyl 0.3 kg/ha over glyphosate applied at 1.5 kg/ha alone.

As regards grain yield is concerned, application of glyphosate either at 1.5 or 2.0 kg/ha

followed by fluazifop-butyl at 0.3 kg/ha. performed equally better in increasing grain yield of

soybean. The highest grain yield of soybean (1244.47 kg/ha) was recorded with glyphosate (2.0

kg/ha) followed by fluazifop-butyl (0.3 kg/halo

Table 12: Effect of glyphosate and fluazifop-p-butyl on numberof Saccharum shoots and

other weeds.

Treatments Weed population/m2

30 DAS 60 DAS

Kans Others Kans Others

T1 Glyphosate 1.5 kg/ha 4.50 6.36 7.24 5.63

T2 Glyphosate 2.0 kg/ha 4.35 6.12 5.80 5.21

T3 Glyphosate 2.5 kg/ha 4.21 6.06 5.46 5.58

T4 Fluazifop-butyl 0.3 kg/ha (Po) 5.62 5.20 8.34 4.94

T5 Fluazifop-butyl 0.5 kg/ha (PO) 4.61 4.21 7.51 3.33

T6 G 1.0 kg/ha fb. 4.00 4.88 6.61 5.28

Fluazifop-butyl 0.3 kg/ha (PO)

T7 G 1.5 kg/ha fb. 3.50 4.66 5.40 4.47

Fluazifop-butyl 0.3 kg/ha (PO)

T8 G 2.0 kg/ha fb. ;3.31 4.46 5.13 4.73

Fluazifop-butyl 0.3 kg/ha (PO)

T9 Control 6.01 6.95 9.46 6.06

CD at 5% 1.16 1.23 1.32 1.74

* Values transformed by"'; (X+0.5)
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Figure 4 : Chemical control of Saccharum spontaneum in Soybean
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Table 13: Effect of glyphosate and fluazifop butyl on dry weight of Saccharum shoots, other
weeds and grain yield of soybean.

Treatments Weed population/rn" Grain
30 DAS 60 DAS yiel9

Kans Others Kans Others (Kg/ha)

T1 Glyphosate 1.5 kg/ha 10.34 6.58 14.41 8.34 909.63

T2 Glyphosate 2.0 kg/ha 9.90 6.07 12.99 8.33 1001.50

T3 Glyphosate 2.5 kg/ha 9.55 6.00 12.94 8.52 1007.40

T4 Fluazifop-butyl 0.3 kg/ha (PO) 11.35 5.73 14.75 7.88 711.14

T5 Fluazifop-butyl 0.5 kg/ha (PO) 10.48 4.60 13.58 6.95 859.27

T6 G 1.0 kg/ha fb. 9.64 5.91 14.40 7.45 900.70
Fluazifop-butyl 0.3 kg/ha (PO)

T7 G 1.5 kg/ha fb. 9.17 5.60 12.90 7.49 1112.13
Fluazifop-butyl 0.3 kg/ha (PO)

T8 G 2.0 kg/ha fb. 8.94 5.55 12.01 7.52 1244.27
Fluazifop-butyl 0.3 kg/ha (PO)

T9 Control 11.58 6.69 18.37 10.63 562.93

CD at 5% 1.33 0.77 3.20 2.00 252.55

* Values transformed by Y (X+0.5)

WM-7-b-i : Effect of nitrogen and weed control treatments on weed dry matter and grain
yield of rajmash.

J.S. Mishra, V.P. Singh and V.M. Shan

Cichorium intybus Medicago denticulata and Chenopodium album were the major weeds
which caused 67.7 percent reduction in grain yield of rajmash. Increasing level of Nitrogen upto 40
kg/ha significantly increased weed dry matter, however, it declined significantly at 80 kg N/ha
which was at par with 120 kg N/ha. Lower weed dry matter at higher level of N/ha is due to the
better crop growth which offered smothering effect on weeds. Among weed control treatments,
hand weeding at 30 DAS was most efficient. Pendimethalin could not control the dominant weed
Cichorium intybus, resulting in poor weed control.

Highest grain yield was recorded at 120 kg Nitrogen /ha which was significantly superior
over rest of the Nitrogen levels. Among weed control treatments, maximum grain yield was
recorded in weed free plots followed by HW at 30 DAS.
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Table 14: Effect of nitrogen and weed control treatments on weed dry matter and grain
yield of rajmash.

Treatments Weed dry wt.*
at 60 DAS (g/m)

Grain yield
(Kg/ha)

Nitrogen level (kg/ha)

No 7.78 473.0

0.23 686.0

733.0 .Nso 7.91

8.22 1173.0

CD at 5% 0.59 63.0

Weed Control

Weedy

Weed Free

13.37

0.71

378.0

1171.0
/

Pendimethalin 1.0 kg/ha

Hand Weeding at 30 DAS

13.1

6.92

4543.0

973.0

CD at 5% 0.64 65.0

* Values transformed by Y (X+0.5)

WM-7-b-ii: Effect of crop- weed competition in rajmash.

J.S. Mishra, V.P. Singh and V.M. Bhan

Cichorium intybus, Chenopocjjum album and Vicia sativa were the major weeds which
caused 91% reduction in grain yield of rajmash. Maximum grain yield was recorded with plot which
was kept weed free upto harvest followed by weed free upto 60 DAS and weedy upto first 15 DAS.
From the data exhibited in Table-15, it may be concluded that initial 60 DAS weed free period are
required to realise optimum yield potential in rajmash.
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Table 15: Effect of crop weed competition in rajmash.

Treatments Weed populatlon/rn'" Weed dry wt. * Grain yield
at 60 DAS at 60 DAS (g/m) (kg/ha)

Weedy up to First
15 DAS 0.71 0.71 1427.0
30 DAS 0.71 0.71 1325.0
45 DAS 0.71 0.71 1602.0
60 DAS 16.62 12.72 345.0
Up to harvest 14.33 14.29 137.0
Weed Free up to First
15 DAS 12.44 10.83 493.0
30 DAS 12.01 8.82· 1065.0
45 DAS 9.74 5.63 1140.0
60 DAS 0.71 0.71 1575.0
Up to harvest 0.71 0.71 1584.0
CD at 5% 3.00 0.62 . 122.0

* Val~es transformed by Y (X+0.5.)

Grain Yield of rajmash (kg/ha)2000
1602 1575 15 4

1500 + *

1000

o~----------~-----------.-----------.----------~
15 30 45

Days after sowing
60 . Harvest

Treatments

-+- Weedy upto --- Weedfree upto

Figure 5: Effect of Crop-weed competition in ~ajl1J.nt\
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WM-13-b: Effect of method of application of alachlor in soybean.

Anil Dixit, V.P. Singh and V.M. Bhan

This experiment was laid out with the objective to evaluate the method of application of
alachlor in soybean crop. Experiment consisted of 14 treatments which were replicated three times
in randomized block design. The experimental field was mainly infested with Echinochloa sp.,
Phyllanthus niruri, Alternanthera sessilis and Commelina communis •.

Application of alachlor caused significant reduction in weed population and dry wt. at all
the stages of crop growth over weedy check. The weed population and weed dry wt. significantly
declined with the increase in the level of alachlor application. Alachlor 2.0 kg/ha (PE) gave the
highest yield of soybean (1292 kg/ha). Application of alachlor 2.0 kg/ha PE or in granular
formulation effected an excellent weed control and gave the highest yield.

Table 16 : Effect of Method of application of alachlor in soybean.

Treatments . Weed poputatlon/m/ Weed dry matter (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

9.04 7.33 10.35 13.72 1080

8.81 6.66 9.82 12.66 1148

8.10 5.69 9.19 11.32 1292

0.79 6.96 11.56 14.97 1 1219

7.19 6.14 10.22 13.53 I 1219

7.77 5.64 8.96 12.11 1253

11.50 7.27 11.56 15.38 1089

10.97 6.24 11.15 14.38 1121

8.96 5.33 10.54 14.06 1146

9.10 7.20 10.41 14.39 1108

8.51 6.00 12.23 13.92 1162

7.33 5.44 8.97 9.89 1179

0.71 0.71 0.71 0.71 1455

14.25 11.15 14.85 18.30 576

10.70 0.92 0.49 0.72 150

1. Alachlor 1.0 kg/ha (PE)

2. Alachlor 1.5· kg/ha (PE)

3. Alachlor 2.0 kg/ha (PE)

4. Alachlor 1.01 kg/ha (PPI)

5. Alachlor 1.5 kg/ha (PPI)

6. Alachlor 2.0 kg/ha (PPI)

7. Alachlor 1.0 kg/ha (PO)

8. Alachlor 1.5 kg/ha (PO)

9. Alachlor 2.0 kg/ha (PO)

10. Alachlor 1.0 kg/ha (G)

11. Alachlor 1.5 kg/ha (G)

12. Alachlor 2.0 kg/ha (G)

13. Weedy free

14. Weedy Check

CD at 5%

* Values are transformed by Y (X +0.5)
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WM:"13-a : Performance of tillage in relation to chemical method of weed control in soybean.

Ani! Dixit and V.M. Bhan

This experiment was conducted with the aim to know the effect of tillage in relation to
, chemical weed management in soybean. This WqS laid out in split plot design with 9 treatments

replicated thrice. The results revealed that stale seed bed preparation is very effective for the
control of weeds in soybean. The weed population and weed dry weight was the lowest in stale
seed bed plot followed by conventional and minimum tillage.

Grain yield in stale seed bed plot was the highest (1045 kg/ha) followed by minimum
tillage. In fluchloralin treated plot,the yield (1075 kg/ha) was significantly superior to weedy check
(617 kg/ha).

Table 17: Performance of tillage in relation to chemical method of weed control in soybean.

Treatments Weed population/rrr' Weed dry matter (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

MAIN PLOT,

1. Stale seed bed 6.06 5.16 7.56 9.58 1045

2. Conventional tillage 6.90 5.67 7.94 9.83 991

3. Minimum tillage 6.67 5.26 9.12 9.84 1034.
CD at 5% 0.31 0.64 2.85 0.62 52

SUB PLOT

1. Fluchloralin 1 kg/ha' 7.25 6.62 10.88 13.14 1075

2. Weed free (WF) 0.71 0.71 0.71 0.71 1378

3. Weedy 11.69 8.77 13.04 15.41 617

CD at 5% 0.48 1.00 0.43 0.40 88

Weed count and dry matter values are transformed by ...;(X+0.5)

WM-13-C: Evaluation of herbicidal application in soybean.

Ani! Dixit and V.M. Bhan

This experiment was conducted during kharif with the objective to evaluate the efficacy of
different 'herbicides in soybean crop. This experiment consisted of nine treatments which were
replicated three times in Randomised Block Design. I

Amongst the herbicidal application, fluchloralin resulted in the highest grain yield (1214
g/ha) which was at par with oxyfluorfen, c1omazone, trifluralin and sethoxydim (Table-ts). Weed
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population and dry wt. was the lowest in fluchloralin treated plots and this was at par with
clomazone and triflLiralin application.

Table 18 : Evaluation of herbicidal application in soybean.

Treatments Weed population/m2 Weed dry matter (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

1. Oxyfluorfen 0.2 kg/ha (PE) 9.82 8.02 10.21 13.53 1162

2. Pendimethalin 1.25 kg/ha (PE) 10.28 8.49 10.79 13.91 1056

3. Clomazone 1.0 kg/ha (PE) 9.68 8.02 9.94 13.37 1178

4. Fluchloralin 1's"kg/ha (PPI) 9.39 7.59 9.74 12.22 1214

5. Trifluralin 1.0 kg/ha (PPI) 10.40 9.11 10.21 13.37 1097

6. Trifluralin 1.5 kg/ha (PPI) 9.68 8.25 9.88 12.34 1129

7. Sethoxydim 1.5 kg/ha (PO) 10.60 7.77 10.66 13.18 1113

8. Weed Free (WF) 0.71 0.71 0.71 0.71 . 1479

9. Weedy 12.10 11.96 13.23 17.33 576

CD at 5% . 0.82 0.62 0.61 0.74 126

Weed count and dry matter values are transformed by Y (X+0.5)

WM-14-e : Influence of herbicide application in rice and succeeding crop wheat

Anil Dixit and V.M. Bhan

An experiment was conducted to find out efficient weed management in rice - wheat
sequence and the effect of treatments applied in kharif were studied for their carry OVer effect in
succeeding crop. Six treatments were replicated three times in randomised block design as
indicated in Table-19 applied to rice in R.B.D. with 3 replications. During the winter season the
experiment was laid out in split plot design keeping rice treatments in main plots and wheat
treatments in sub plots. The major weed flora in rice field comprised of Echinocloa colonum E.
glabrescence, E crusgalli, Caesulia axillaris, Cyperus lrle, C deformis, Ammannia baccifera,
Alternanthera Commelina communis and Ludvizia sp. Weed species that dominated the wheat
crop grown after rice included Phalaris minor, Chenopodium album, Avena fatua, Vicia sativa,
Chicorium intybus and Medicago denticulata. .

Herblclde checks did not differ significantly among them in reducing weed population and
weed dry weight. Anilofos applied @ 0.4 kg/ha coupled with one handweeding at 30 DAS resulted
in significant reduction of weed population and remained statistically alike to butachlor.

Grain yield obtained from the plot treated with anilofos was statistically similar to that
obtained from butachlor. The highest grain yield was registered with the application of anilofos
coulped with one hand weeding. There was no significant effect of treatments applied in rice on
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. weed population and weed dry matter in wheat crop. The interaction between the treatments
. applied in rice and wheat was also non-significant indicating that the herbicides applied in rice

degraded to safe limits by the sowing time of wheat.

Table 19 : Influence of herbicide application in rice and its effect on succeeding crop of
wheat. .

Treatments Weed count/m2 Weed dry wt. (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

RICE TREATMENT
1. Butachlor 2 kg/ha 5.00 4.86 8.31 11.25 6389

2. - Butachlor 2 kg/ha 4.47 4.66 8.35 10.88 6792
+ HW at 30 DAS

3. Anilofos 0.4 kg/ha 5.39 5.97 7.60 11.21 6300

4. Anilofos 0.4 kg/ha + 3.88 4.87 7.28 10.41 6937
HW30 DAS

5. Weed Free 0.71 0.71 0.71 0.71 7121

6. Weedy 8.27 7.56 10.54 14.06 5139

CD at 5% 0.73 0.40 0.48 0.37 521

WHEAT TREATMENTS
1.. Isoproturon 1.5 kg/ha 4.70 4.42 4.46 6.28 3978

2. Hand weeding at 15, 30 5.67 4.66 4.7J 6.53 3920
&45DAS

3. Weedy 10.21 7.91 8.60 11.2.7 2538

CD at 5% 0.41 0.25 0.26 0.21 77

Weed count and dry matter values are transformed by V (X+0.5)

There was no significant effect of treatments applied in rice on weed population and weed
dry matter in wheat crop. The weed population was significantly reduced by the application of
isoproturon in wheat compared with the remaining 2 treatments during 1995-~6. However, it
remained at par with hand weeding. Hand weeding proved significantly superior to weedy check
during 1995-96 ln.thls respect {Table-19) Significant reduction in total dry weight was also noticed
with the imposition of isoproturon and hand weeding treatments.

The weed control treatments applied in preceding rice crop had no significant effect on the
grain yield of wheat. The interaction between treatments applied in rice and wheat was also
'lon-significant in thla respect. Isoproturon and hand weeding proved equally effective and
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'ncreased grain yield compared with the weedy check. Higher grain yield was recorded due to
better weed control efficiency and higher dry matter production by the crop in the present study.

WM-14-a-i : Studies on concentration gradient of isoproturon for the control of grassy and
broad leaved weeds in wheat .

Ani! Dixit and V.M. Bhan

The experiment was laid out in randomized block design consisting of nine treatments.
The objective of the experiment was to conduct in developing suitable measures to overcome the
problem of poor effect of isoproturon on Phalaris minor •.

Table 20 : Effect of isoproturon (IPU) concentration on Phalaris minor in wheat

Treatments Weed count/m2 Weed d~ wt. (g/m2) Grain
yield

400AS 800AS 400AS 800AS (kg/ha)

1. IPU 0.5 kg/ha 7.19 6.03 5.01 5.75 3244

2. IPU 0.75 kg/ha 6.76 5.46 4.51 5.33 3292

3. IPU 1.0 kg/ha 6.30 5.15 4.21 4.94 3737

4. IPU 1.25 kg/ha 4.87 7.88 4.04 4.52 3930

5. IPU 1.5 kg/ha 3.80 3.32 4.83 4.22 4075

6. IPU + 2,4-00.75+0.5 kg/ha 4.29 3.80 4.41 '4.94 3799

7. IPU + 2,4-01.0+0.5 kg/ha 3.00 3.09 3.02 3.80 4103

8. Weed Free 0.71 0.71 0.71 0.71 4325

9. Weedy 10.70 8.39 8.49 9.03 2639

CD at 5% 0.53 0.61 0.68 0.51 181

Weed count and dry matter values are transformed by V (X+0.5) * IPU - Isoproturon

The data revealed that isoproturon 1 kg/ha in combination with 2,4-0 0.5 kg/ha applied at
30 OAS gave the least weed dry weight as well as minimum number of weed plants.

As far as yield is concerned, isoproturon 1.0 kg coupled with 2,4-0 0.5 kg/ha gave the
highest yield (4103 kg/ha) and was at par with isoproturon 1.5 kg/ha alone. Higher grain yield was
recorded due to better weed control efficiency and higher crop dry matter production.
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WM-14-c-i : Screening of herbicides against Phalaris minor in wheat

Anil Dixit and V.M. Bhan

Herbicides were evaluated against Phalaris minor in rabi season. The herbicides viz
isoproturon, pendimethalin, triallate, oxyfluorten.. butachlor and alachlor were tested with three
doses.

Table 21 : Screening of herbicides against Phalaris minor resistance in wheat

Treatments Weed count/m'' Weed dry wt. (g/m2) Grain
(Kg/ha)

40 DAS 80 DAS 40 DAS 80 DAS (kq/na)

Isoproturon 0.75 6.52 4.70 4.67 6.09 3316
Isoproturon 1.00 6.01 4.48 4.21 5.39 3386
Isoproturon 1.50 5.05 3.62 3.80 5.11 3988
Pendimethalin 0.75 6.94 3.89 5.00 6.16 3148
Pendimethalin 1.50 6.04 3.80 4.66 6.14 3263
Pendimethalin 2.00 5.52 3.28 4.29 5.72 3389
Triallate 1.0 (PPI) 5.58 3.92 4.93 6.06 3346
Triallate 1.5 4.95 3.23 4.51 5.81 3687
Tfiallate 2.0 4.74 3.13 3.71 5.39 4033
Oxyfluorfen 0.2 5.67 3.48 4.51 6.03 3319
Oxyfluorfen 0.4 4.91 3.08 4.20 5.74 3632
'Oxyfluorten 0.6 . 4.60 2.80 3.69 5.06 3942
Butachlor 1.0 6.39 3.28 5.00 6.13 3387
Butachlor 1.5 5.84 2.89 4.59 5.63 3566
Butachlor 2.0 5.49 2.61 4.21 5.35 3829
Alachlor 1.0 5.98 2.90 5.01 6.12 3299
Alachlor 1.5 5.55 2.60 • 4.29 5.78 3677
Alachlor 2.0 4.56 2.34 3.80 5.17 4100
Weed Free 0.71 0.71 0.71 0.71 4307

Weed Check 7.64 5.21 5.43 0.71 2613
eD at 5% 0.26 0.38 0.57 0.47 173

The results revealed that isoproturon, triallate, oxyflourfen and alachlor effected an
excellent control of Phalaris minor. Isoproturon triallate, oxyflourfen and alachlor gave the lowest
weed population and dry weight of Phalaris minor. As far as yield is concerned, Alachlor 2.0 kg/ha
gave comparatively the higher yield of wheat (4100 kg/ha) where as, the weed free plot registered
highest yield. Alachlor was at par with isoproturon, oxyfluorfen and triallate with regards to grain
yield.
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WM-14-b: Influence of lsoproturon application for controlling Pha/aris minor in wheat

Anil Dixit and V.M. Bhan

This experiment was conducted in rabi 1995-96 with the objective to find out the effective
time of application of isoproturon for the control of Phalaris minor. It was found that wherever the
isoproturon was applied before irrigation, the weed population and weed dry wt. was less.

The data exhibited in Table-22 revealed that isoproturon 1.0 'kg/ha (before irrigation) was
found very effective in reducing dry weight and intensity of weeds. Isoproturon applied just before
irrigation gave more yield as compared to its application of 30 DAS. It gave the highest yield (3788
kg/halo The population of Phalaris minor was significantly reduced under the treatment of
isoproturon (before irrigation) compared with other treatments. The weed population 'and dry
matter accumulation in the plots treated with pendirnethatln were significantly higher than .
isoproturon 1.0 kg/ha applied just before irrigation.

Table 22: Effect of time of application of isoproturon concentration on Phalaris minor in
wheat

Treatments Weed count/rn'' Weed dry wt. (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

5.84 5.58 5.27 6.03 3229

6.62 5.33 5.80 7.24 3161

5.78 5.11 4.51 5.80 3390

6.60 5.43 5.72 7.00 3364

3.62 4.52 3.53 4.59 788

5.01 4.81 3.88 5.20 3473

6.74 5.82 6.20 7.29 3133

0.71 0.71 0.71 0.71 4328

8.50 7.09 7.10 8.51 2599

0.30 Q.24 0.47 0.44 159

1. IPU 0.5 kg/ha (81)
2. IPU 0.5 kg/ha (30 DAS)

3, IPU 0.75 kg/ha (81)
4. IPU 0.75 kg/ha (30 DAS)

5. IPU 1.0 kg/ha (81)
6. IPU 1.0 kg/ha (30 DAS)

7. Pendi. 1.0 kg/ha (PE)

8. Weed Free

9. Weedy Check

CD at 5%

Weed count and dry matter values are transformed by.y (X+0.5)
* IPU - Isoproturon Pendi. - Pendirnethatln

WM-14-c-ii: Preliminary study on the effect of Isoproturon against resistant biotypes of
Phalaris minor -,

Ani! Dixit and V.M. Bhan

A preliminary trial was carried out to study on' response of resistance bio-types tef
isoproturon during rabi season. Five resistant biotypes of P. minor were collected from different
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locations of Punjab and Haryana. These biotypes were planted under 3 levels of isoproturon i.e.
0.0, 1.0 and 2.0 kg/ha.

Application of isoproturon at 1.0 kg/ha (35 DAS) showed resistance against P. minor
biotypes but at 2.0 kg/ha (35 DAS) of isoproturon the mortality percentage of P. minor was in the
range of 76-85%. Where as the mortality percentage at 1.0 kg/ha of isoproturon varied from
40-62% among A, S, C, D and E biotypes. Resistant biotypes required 2-3 times more isoproturon
than a susceptible biotypes for the same level of control. The shoot dry weight was the highest in S
resistant biotypes.

Table 23 : Pot culture experiment

Resistance
bio-type

Isoproturon dose Isoproturon dose
o kg 1.0 kg 2.0 kg o kg 1.0 kg 2.0 kg

(Mortality %) (Shoot wt. g/plant)

46 76 2.0 1.2 0.8

40 78 2.4 1.7 0.9

58 81 1.8 1.3 0.3

60 85 2.3 1.1 0.4

62 85 1.8 0.9 0.2

88 100 1.9 0.4 0.1

0 0.5 1.9 3.1 3.6

A

S

C

D

E

N

W

WM-14-c :.Response of tralkoxydim to different time and doses of application with special
. reference to P. minor

Anil Dixit and V.M. Shan

Tralkoxydim with its doses such as 0.2, 0.3 and 0.4 kg/ha were combined with pre-em. and
post emergence (25, 30 & 35 DAS) applications and were designed in randomised block design.

Data revealed that tralkoxydim was found very effective in reducing P. minor count and
weed dry weight when it was sprayed @ 0.4 kg/ha at 30 or 35 DAS. As far as yield is concerned,
tralkoxydim at the same dose also recorded higher grain yield of wheat (4221 kg/ha) which was at
par with 0.3 kg/ha of tralkoxydim.
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Table 24: Effect of Tralkoxydim on weed intensity and dry weight of weeds at 60 DAS in
wheat.

Sl. Treatments Weed count/rn Total Grain
Weed dry yield

(kg/ha) Phalaris Broad Total weight (kg/ha)
minor leaved (g/m)

1. Tralkoxydim 0.2 (PE) 6.17 7.64 9.80 9.68 3293

2. Tralkoxydirn 0.3 (PE) 5.87 7.31 9.35 9.28 3483

3. Tralkoxydirn 0.4 (PE) 5.33 7.10 8.85 8.62 3563

4. Tralkoxydim 0.2 (25 DAS) 5.70 6.86 8.89 8.70 3675

5. Tralkoxydim 0.3 (25 DAS) 5.33 6.30 8.23 8.39 3817

6. Tralkoxydim 0.4 (25 DAS) 4.74 5.81 7.46 8.02 3952

7. Tralkoxydim 0.2 (30 DAS) 4.91 6.66 8.25 8.11 3680

8. Tralkoxydim 0.3 (30 DAS) 4.21 6.17 7.44 7.84 4079

9. Tralkoxydim 0.4 (30 DAS) 3.23 5.17 5.48 7.05 4212

10. Tralkoxydim 0.2 (35 DAS) 4.25 5.72 7.10 7.55 3925

11. Tralkoxydim 0.3 (35 DAS) 3.00 5.11 5.89 6.85 4045

12. Tralkoxydim 0.4 (35 DAS) 2.33 4.25 4.81 6.14 4221

13. Weed Free 0.71 0.71 0.71 0.71 4483

14. Weedy 7.46 9.77 12.28 10.64 2527

CD at 5% 0.43 0.30 0.36 0.34 231

Weed count and dry matter values are transformed by Y (X+0.5)

WM-14-c-iii : Effect of tralkoxydim and anilofos on the emergence of Phalaris minor in wheat,

Anil Dixit and V.M. Bhan

This experiment' was conducted to evaluate tralkoxydim and anilofos on the emergence of
P. Minor.

It is clear from the table that isoproturon in combination with anilofos resulted in reduction
of P. minor population and dry weight. The yield data also indicated higher grain yield obtained
under the said treatment which was at par with tralkoxydim 0.4 kg/ha as pre- emergence.
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Table 25: Effect of Tralkoxydim and Anilofos on weed intensity and dry weight of weeds at
60 OAS in wheat.

SI. Treatments
No. (kg/ha)

Weed count/m2

Phalaris Broad
minor leaved

4.74 7.51

3.82 6.06

3.23 6.03

4.93 7.10

4.36 6.95

4.15 6.58

2.26 5.60

4.29 6.59

0.71 0.71

6.03 10.07

0.28 0.53

1. Tralkoxydim 0.2 (PE)

2. Tralkoxydim 0.3 (PE)

3. Tralkoxydim 0.4 (PE)

4. Anilofos 0.3 (PE)

5. Anilofos 0.4 (PE)

6. Anilofos 0.6 (PE)

7. IPU + Anilofos
0.75 + 0.3

8. IPU 0.75

9. Weed Free (WF)

10. Weedy (WC)

CO at 5%

Total

8.85

7.88

6.19

8.62

8.12

7.29

6.00

6.83

0.71

11.72

0.50

Total
Weed dry

weight
(g/m2)

9.20

7.69

7.49

9.26

8.53

7.90

7.10

8.39

0.71

11.82

0.26

Grain
yield

(kg/ha)

3432

3669

4121

3347

3529

3855

4265

3669

4270

1182

241

Weed count and dry matter values are transformed by"'; (X+0.5)
* IPU - Isoproturon

WM-14-a-ii : Effect of metsulfuron and 2,4-0 in combination and alone on broad leaved weeds

Anil Dixit and V.M. Shan

An experiment was conducted with 11 treatments (cited in Table-26) were allocated in a
randomized block design with three replications.

The experimental plot was mainly infested with P. minor, Chenopodium album and
Cichorium intybus

Data revealed that the weed intensity and weed dry weight was the lowest with
metsulfuron 4 g/ha and 2,4-0 500 g/ha and it was at par with metsulfuron methyl 2 g/ha + 2,4-0
500 g/ha + surfactant 2%. The weed dry wt. was at par with metsulfuron methyl 2 9 or 4 g/ha in
combination with 2,4-0 at 250 or 500 g/ha.

Weed dry wt. was at par with metsulfuron methyl 4 g/ha and 2,4-0 500 g/ha (EE) though
yield was high in 2,4-D 500 g/ha (EE) treated plot. Whereas, 2,4-D 500 9 (Na salt) was inferior to
metsulfuron methyl 4 g/ha.
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As regards yield is concerned the metsulfuron methyl 4 g/ha + 2,4-0 500 9 registered the
highest grain yield of wheat (3558 kg/ha) and it was at par with its lower dose which was combined
with 2,4-0 500 9 + surfactant 0.2%.

Table 26 : Effect of metsulfuron methyl and 2,4-0 in combination and alone on broad
leaved weeds

Treatments Weed count/rn'' Weed dry wt. (g/m2) Grain
yield

400AS 800AS 400AS 800AS (kg/ha)

Met. + Surfactant 9.42 8.87 9.38 11.27 3086
2 g/ha + 0.2%

Met. 4 g/ha 9.02 7.77 9.09 9.97 3181

Met.+ 2,4-0 + Surf. 8.74 7.55 8.53 9.77 3306
2 9 + 250 g/ha + 0.2%

Met. + 2,4-0
f.

33078.58 7.53 8.48 9.69
4 9 + 250 g/ha

Met. + 2,4-0 + Surf. 8.45 7.49 8.42 9.38 3464
2 9 + 500 g/ha + 0.2%

Met.+ 2,4-0 8.43 7.44 8.31 9.35 3558
4 9 + 500 g/ha

2,4-0 (EE) + Surf. 8.85 8.05 8.75 10.18 3136
250 g/ha + 0.2%

2,4-0 (EE) + Surf. 8.72 7.77 8.42 9.88 3281
500 g/ha + 0.2%

2,4-0 (NA) 9.00 7.64 8.77 10.00 3086
500 g/ha

Untreated control 12.38 10.07 10.74 13.07 2357

Total control 0.71 0.71 0.71 0.71 3971

CD AT 5% 0.46 0.47 0.48 0.62 107

Weed count and weed dry weight are transformed by"'; (X+0.5)
Met. - Metsulfuron methyl, Surf. - Surfactant
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WM-14-a-ii : Effect of metsulfuron methyl in combination oflPU and alone on P. minor
dominated mixed weed flora

Anil Dixit and V.M. Bhan

This experiment was conducted with the objective to find out the efficacy of metsulfuron
methyl alone and in combination with isoproturon for the control of weed flora. It is consisted of 14
treatments as shown in Table-27. It was found that weed intensity and weed dry wt was the lowest
with 2,4-0 250 9 + metsulfuron methyl 2 9 + IPU 500 g/ha and was at par wlth-rnetsulfuron methyl
4 9 + IPU 1000 g/ha and 2,4-0 500 9 + IPU 750 g/ha.

Table 27: Effect of metsulfuron methyl and IPU in combination and alone on Pha/aris minor
and dominated mixed weed flora

Treatments Weed count/m2 Weed dry wt. (g/m2) Grain
yield

400AS 800AS 400AS . 800AS (kg/ha)

T1 Met + IPU + Surf. 9.68 8.85 6.55 8.54 3247
2 9 + 500 g/ha + 0.2%

T2 Met + IPU + Surf. 9.53 8.57 6.51 8.43 3322
2 9 + 750 g/ha + 0.2%

T3 Met + IPU + Surf. 9.23 8.02 5.94 7.94 3456
2 9 + 1000 g/ha + 0.2%

T4 Met + IPU 9.59 8.73 5.74 8.79 3320
4 9 + 500 g/ha

T5 Met + IPU 9.20 7.92 5.66 7.75 3435
4 9 + 750 g/ha

T6 Met + IPU 8.89 7.92 5.36 7.31 3512
4 9 + 1000 g/ha

T7 2,4-0 + IPU 9.09 8.02 5.72 7.84 3468
500 9 + 750 g/ha

T8 2,4-0 + Met + IPU 8.68 7.51 5.30 7.14 3706
250 9 + 2 9 + 500 g/ha

T9 Met 4 g/ha 9.78 8.95 6.58 9.15 3165
T10 IPU 500 g/ha 9.92 9.24 6.79 9.53 3118
T11 IPU 750 g/ha 9.22 8.74 6.54 8.91 3198
T12 IPU 1000 g/ha 8.91 8.66 6.00 8.13 3348
T13 Untreated Control 13.68 11.66 9.44 10.63 2428
T14 Total control 0.71 0.71 0.71 0.71 4074
CD AT 5% 0.60 0.58 0.46 0.48 164

,
Weed count and dry matter values are transformed byV (X+0.5)
Met- Metsulfuron methyl, IPU - Isoproturon,Surf.- Surfactant
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It may be concluded that all the treatments were equally effective in reducing the biomass
of weeds. 2,4-D + metsulfuron methyl + IPU combination registered the highest grain yield of
wheat (3706 kg/ha) though it was less with weed free plot (4074 kg/ha). Metsulfuron methyl + IPU
also registered grain yield at par with 2,4-D + IPU.

3.2 WEED PHYSIOLOGY, BIO-CHEMISTRY AND BIOTECHNOLOGY

WP-7-a: Effect of parthenium residue on aquatic weeds

O.K. Pandey

Azolla, spirodella and najas were collected from local ponds and maintained in culture till
used in the experiments. The flowers, leaves, stems and roots of parthenium were collected from
plants growing near the National Research Centre for Weed Science, Jabalpur. The plant parts
were predried in the sun for 2 days and then dried at 70 + 5 C in an oven for 48 h. The plant parts
were then ground to the fine powder and passed through an 80 mesh sieve and stored in
polythene bags until use. The dry residue powder of parthenium flower (FR), leaf (LR). stem (SR)
and root (RR) were each dispersed in 20 litre tap water in a plastic tub to make 0.10%, 0.25%,
0.50%,0.75%, 1.00% and 1.25% (dry w/V) solutions. Tap water was used since a large quantity was
required. Preweighed plants were placed in the solutions in the tubs and were allowed to grow
under outdoor conditions, biomass of the plants was monitored at interval : on each sampling the,
plants were blot dried ad weighed. Visual symptoms of phytotoxicity were also observed.

Observations on Solute leakage from plants in najas and from roots in azolla and
spirodella, determination of chlorophyll a, b, and total chlorophyll and dehydrogenase activity in
roots (whichever existed) was carried out.

I. Inhibition of azolla ~y parthenium :

Visual symptoms of toxicity at lethal dose were dark appearance of the fronds, chlorosis,
desiccation and drying resulting in death and decay in about 5-10 days. FR was inhibitory at 0.25%
(dry w/V) and lethal at and above 0.50%. LR was lethal at 0.25%. SR was inhibitory at 0.50% and
lethal at and above 0.75%. RR was inhibitory at 0.75% and lethal at 1.25%. The LR at lethal dose
(0.25%) increased leakage of UV absorbing substances and electrolytes from roots by about 5
fold. Similarly, the treatment caused marked reduction in chlorophyll a, b and total chlorophyll nd
caarotenoids in the frond. The results demonstrated that herbicidal action of parthenium residue
on azolla was mediated through affecting macromolecules - proteins, nucleic acids and lipids.

II. Inhibition of spirodella by parthenium :

Visual symptoms of toxicity at lethal dose include desiccation of 'fronds from margins of
older ones spreading to younger ones, desiccation of entire fronds, chlorosis and death and decay
of plants in about 5-10 days. FR at 0.25 - 0.50% (dry w/V) promoted growth of spirodella, was
inhibitory at 0.75% and lethal at and above 1.00%. LR promoted growth at 0.25 - 0.50, as inhibitory
at 0.75% and lethal at 1.00%. SR promoted growth at all concentrations 0.25-1.25%, however, the
growth was the maximum at 1.00%. RR also promoted the maximum growth at 1.00%. Thus the SR
and RR were not at all inhibitory. LR at lethal dose (1.00%) increased leakage of UV absorbing
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substances from roots by two fold and increased leakage of electrolytes by about 50%.
Chlorophyll a.b, and total chlorophyll and carotenoids were also resulted considerably. Thus,
parthenlurn LR and FR served as nutrient medium for spirodella at lower does and were lethal at
higher, whereas SR and RR were not at all inhibitory even upto 1.25%. The results show that the
herbicidal effect of parthenium LR and FR at 1.00% was mediated through affecting
macromolecules - proteins, nucleic acids and lipid.

III. Inhibition of najas by parthenium :

Visual symptoms of toxicity at lethal dose include dull green appearance of the leaves, loss
of chlorophyll, and death and decay in 5-10 days. FR and LR were inhibitory at 0.1% (dry w/V) and
lethal at and above 0.25%. SR promoted growth of the treated plants at concentrations upto 0.25%
and lethal at and above 0.5%. RR too promoted growth of treated plants upto 0.25%, was inhibitory
at 0.5% and lethal at and above 0.75%. Phytotoxicity of parthenium residue to najas was in order
FR and LR SR RR. The LR at lethal dose caused massive leakage of UV absorbing substances and
electrolytes and loss of chlorophyll a, b and total chlorophyll. The herbicidal effect of parthenium
plant residue on najas appears to have mediated through affecting macromolecules - proteins,
nucleic acids and lipids.

WP-7-b: Physiological effects of parthenin on aquatic weeds.

O.K. Pandey

Isolated and partially purified parthenin was made at 100 pm in 50% nutrient medium.
Parthenium plants placed in 50% nutrient medium (control) or in the 100 ppm parthenin in 50%
nutrient medium (treated) were placed outdoors. Roots were sampled from control and treated
plants 1, 2, 3 & 4 days after initiation of the experiment. The roots were washed with distilled water
and blot dried. Preweighed 500 mg roots sampled in each case were steeped into 50 ml distilled
water for 4 hours at 30°C. The steep water" was filtered through Whatman No. 1 filter paper and
evaporated to 5 ml at 60°C. Total sugars, amino acids, inorganic phosphorus, DNA and RNA
nucleotides were and polypeptides were measured using standard biochemical procedures.

The results demonstrated that parthenln treatment doubled leakage of sugars, amino
acids, inorganic phosphorus and increased leakage of DNA and RNA nucleotides and
polypeptides each by about one and a half fold (as adjudged directly from the optical density). The
results demonstrated that the membrane integrity loss in the roots caused by parthenin resulted in
loss of cellular metabolites of all classes.

Apart from these, methods of disc and slab gel electrophoresis were standardized for
soluble proteins and detection of isozymes of peroxidases, polyphenol oxidases, glutamate
oxalotransaminases and acid and alkaline phosphatases.

WP-7-c: Phytotoxicity of Cassytha iatiformis plant residue on aquatic weeds.

O.K. Pandey

Experiments on the physiological effects of Cassytha latiformis residue on aquatic weeds
were studied. Water hyacinth plants placed in water or in suspension of Cassytha residue at lethal
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pose were allowed to grow under outdoors. The plants were sampled at intervals. Chlorophyll a,b,
total chlorophyll and carotenoids in leaves and solute leakage from the dehydrogenase activity in
roots were determined. Effect of the treatment on water absorption and use was also studied.

The results demonstrated that Cassytha residue reduced water absorption, caused
excessive leakage of UV absorbing substances and electrolytes from the roots. These implicate
that allelochemicals, mainly phenolics, leached out of the Cassytha residue into the medium killed
the water hyacinth plants by causing root disfunction and damaging membrane integrity, and by
affecting key macromolecules - proteins, nucleic acids and lipids.

WP-7-d : Effect of organic solvents on herbicide efficacy

O.K. Pandey

Different concentrations of 2,4-D were prepared in water and lethal dose for aquatic weed
Pistia plants was found out. The lethal dose was diluted with water to give half or quarter strength
concentrations of 2,4-D with or without 0.1% concentration of organic solvents with different
polarities. Pistia plants maintained in plastic buckets were sprayed with these solutions and
observed for mortality.

The results demonstrated that quarter and half strength of the lethal dose of 2,4-D
supplemented with organic solvents with different polarities did not prove detectably much
effective than the similar concentrations of the herbicide without organic solvents in causing
mortality of the treated pistia plants.

WP-7: Physiological effect of p-hydroxybenzoic acid, an allelochemical, on aquatic weeds

O.K. Pandey

Effect of p-hydroxybenzoic acid (PBA) on nine aquatic weeds viz., water hyacinth, salvinia,
pistia, spirodella, azolla, lemna, hydrilla, ceratophyllum arfl najas was studied.

The aquatic weeds were placed in the nutrient medium with or without PBA solutions.
Growth and toxicity symptoms were monitored. Physiological effects of the PBA on water hyacinth
were studied in The physiological parameters studied include water absorption by roots, solute
leakage from - an dehydrogenase activity in - roots, chlorophylls and crotenoids in the leaves.

The resultsdemonstrated that the PBA was inhibitory at 25-100 ppm to the aquatic weeds.
It caused loss of biomass, root disfunction as shown by decline in water absorption, loss of
dehydrogenase activity and excessive leakage of solutes from plants in submerged weeds or from
roots in floating weeds. The solutes leaked included amino acids, sugars, DNA and RNA
nucleotides and polypetides and there was concurrent decline in chlorophyll a, b, total chlorophyll
an carotenoids in the leaves. In submerged weeds, there was a massive leakage of solutes from
the plants. Hence the allelochemical appears to have acted through affecting macromolecules -
proteins, nucleic acids and lipids. The PBA appears to be a weedicide of choice for aquatic weeds
under certain circumstances as the chemical is relatively non toxic to animals ..

(39)



WP-1-a: Effect of chemicals which break dormancy or stimulate germination of weeds
difficult to germinate. .

O.K. Pandey

Effect of combination of kinetin 10 ppm +. hydroxylamine hydrochloride .1000 pprn, kinetin
10 ppm + chloramphenicol 1000 ppm, kinetin 10 ppm + hypochloride 100 ppm and kinetin 10
ppm + NaN03 1000 ppm on germination of Malachra capitata,-Chenopodium album and
Chenopodium ficifolium seeds was studied. Hundred seeds in triplicate were placed on filter paper
in water or in the treatment solutions in petridishes and allowed to germinate at 30 2C. Germination
was counted daily upto 16 days.

WP-1-b: Effect of various moisture levels on longevity of weeds seeds

O.K. Pandey

The experiment was initiated on 24 weed species in 1992. Seeds of Cyperus iria and
Sporobolus sp. with moisture content about 9% (fresh weight basis), freshly collected as well as
those aged at ambient temperature well subjected to germination over Whatman 1 filter paper
discs placed over distilled water in petridishes at ambient temperature 30 3C. Seeds of other
species were also tested in.water only. Hundred seeds in triplicate were tested for germination in
each case. The seeds were observed for germination for upto 16 days. The seeds which failed to
germInate by 16 days were considered to be dormant or have lost viability. The seeds of crops
and weed have also been kept emerged in CALGL Y for studying its effect on their longevity. The
results showed that Cyperus iria and Sporobolus sp. seeds kept at ambient temperature did not
show more than 2 1 germination at 500 - 1000 ppm ethrel against no germination in the seeds
placed in water. Siniilarly, Polypogon sp. seeds with similar moisture contents aged similarly did
not show more than 1 1% germination against no germination in water. These results demonstrate
that at ambient temperature the seeds lost viability about 3 years. Seeds of other species did not
germinate except that Cassia sericea (6%), Lathyrus sp (16%) and Cassia tora (20%), showing that
most of the seeds either lost viability completely at ambient temperature in about 3 years ageing or
kept dormancy.

WP-1-c: Effect of treatments causing deterioration of seeds through ageing on weed
incidence

O.K. Pandey

Plots (2 X 2.5 m) in field were irrigated by flooding in the first week of May and left open on
covered with black polythene (500 gauge) until onset of monsoon. The treated and untreated plots' .
were sown with paddy var. Kranti on 11.7.95. Weed incidence was observed after a month.

The weeds appeared in the control and treated plots were Alternenthera sessitis, most
abundant, Commalina communis, Phyllanthus niruri, Cassia sericea, Echinochloa colonun,
Aschynomene sp. , Cyperus iria and Ageratum sp. Though the data were not always statistically
significant .yet showed definite trend. Alternenthera sessilis plants were SUbstantially lower in
number in irrigated and covered plots followed by in the plots irrigated and left open and untreated
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plots, successively. Other weeds did not show any trend. Total number of weed plants, and fresh
weight of weeds showed similar trend. Weed dry weight was also minimum in irrigated and
covered plots.

WP-1-d: Effect of parthenium residue on weed incidence

O.K. Pandey

Parthenium (Parthenium hysterophorus L.) plants were collected from a natural stand of
the weed around the National Research Centre for Weed Science, JabaJpur (M.P.), India. The
plants (which were at the flowering stage) were uprooted and inflorescences and leaves were
removed. The plant parts were predried in the sun for 2 days, and further drying was done at 701C
for 48 hours in an oven. The dry matter was ground to pass through a 40 mesh sieve and kept in
500gauge polythene bags untill use. .

The residue was applied @ 22.2, 44.4, 88.8 and 133.3 q/ha as top dressing in 2.25 x ? m
plots in triplicate in randomised block design before onset ofrains. Paddy var. Kranti seeds were
sown in the plots. High bunds were erected along the sides of the plots to ensure the residue is not
washed off or taken out of the plots. Paddy emergence and growth, and weed incidence were
monitored 24 days after sowing. Weed species falling within a quadrat were uprooted, washed off
soil from the roots, identified and recorded, and weighed for biomass. The weed samples were
chopped to about 1 cm pieces and dried in an oven at 70± 1°C for 2 days and dry weight was
measured.

Paddy plant growth was measured on 10 representative plants in each of the three
replications. The plants were uprooted, washed off the soil and blot dried. Root and shoot were
separated and weighed. The leaves were counted, dissected out and area determined using a leaf
area meter. Chlorophyll and carotenoid contents were determined in leaves of freshly sampled
plants. Washed and blot dried leaf samples (200 mg) were ground with a small quantity of 80%
(v/V) acetone and 50 mg acid washed silica sand using a pestle and mortar making final volume to
50 ml. The extract was filtered through a Whatman No.1 filter paper and volume made up to 50 ml.
Absorbance of the final extract was measured at 645, 652, 663 and 470 nm. Chlorophyll a, b, and
total chlorophyll were calculated using the method of Arnon (1949). Carotenoids were calculated
using the procedure of Canal et al. (1985). All determinations were repeated three times.

Weed incidence

A/ternenthera sessi/is was dominant weed both in treated and untreated plots. Other
weeds which appeared were Comme/ina communis, Cyperus iria, Caesulia sp., Phyllanthus niruri,
Cassia sericea, Echinoc/oa co/anum, Aeschynomene sp., Corchorus sp., and Parthenium
hysterophorus. The treatments did not affect specieswise distribution of weeds and the weed
biomass and dry weights.

Paddy growth

Parthenium residue was not phytotoxic to paddy as was evident from the results that
emergence and stand establishment were not adversely affected even at the highest level 133.3
q/ha. Paddy plants which grew in parthenium residue treated plots were vigorous than controls.
The plants grown in the plots treated with parthenium residue had much more shoot and root fresh
weights, and considerable increase in number of leaves over untreated control. Leaf area was also
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much more in the plants which grew in the plots treated with parthenium residue. In general,
growth of paddy plants increased with the level of the residue. The magnitude of increase in shoot

" fresh weight of paddy due to parthenium residue ranged from 200% increase at 22.2 q/ha to 651%
"increase at 133.3 q/ha. Similarly, there was considerable increase in chlorophyll-a,-b, and total'
chlorophyll and carotenoids in the leaves of paddy plants which grew in the plots treated with
parthenium residue. The higher the residue level the higher was the increase over control in values
of these parameters:

Under natural conditions, the maximum biomass of parthenium in a vigorously growing
pure stand in terms of dry residue was 83.2 q/ha (0.8320.020 kg/m).

Parthenium residue did not show phytotoxicity or allelopathy to paddy or to an
appreciable extent to the weeds infesting the paddy field in the·experimental field at Jabalpur. Even
parthenium appeared and grew well at the highest levels of parthenium residue applied (at 133.3
q/ha). Parthenium residue was utilised by paddy as a nutrient source as is evident from vigorous
growth of the stand. However, while paddy shoot fresh weight was increased by 205-651%" at
22.2-133.3 kg/ha parthenlurn residue, the biomass of weeds did not show proportional increase.
This clearly shows that paddy plants efficiently utilised parthenium residue and/or the growth was
promoted by some constituents in the residue and the same was not the case with the associated
weeds.

Autotoxicity in parthenium and its possible role in control of germination has been
investigatedpy Picman and Picman (1984), However, in the present study, parthenium was able to
germinate and grow well even at 133.3 q/ha residue though practically under natural conditions the
maximum accumulation of parthenium residue possible was at about 83 q/ha. Thus, autotoxicity as
suggested by Picman and Picman (1984) appears to be a remote possibility under field conditions
at the Jabalpur.

Present investigation suggests an ecofriendly control of parthenium by utilisation in paddy
cultivation. This incentive may prompt the public to afford removal of parthenium biomass from
their surroundings to harness the advantage of this weed in increasing paddy growth. Sustained
removal of parthenium from the environment may reduce magnitude of the weed occurrence and
contain its spread. '

WP-3-a-i : To study the effect of rice based cropping system and herbicide sequence on the
distribution of weed flora in rice and wheat.

D. Swain and V.M. Shan

The experiment was conducted for the fourth year starting from rabi 1992-93. During 1995,
the treatments given in rice/wheat are as follows:

T1 Butachlor/lsoproturon.
T3 Butachlor/Diclofop methyl,
T5 Weed free

T2
T4

- Pretilachlor/isoproturon,
- Weedy, and

In rice during 1995, a total of 11 Weed species were encountered during the crop growth,
The dominant weed species were E. cotonum, C. communis. Their occurrence was the lowest in
f 'etilachlor/lscproturon herbicidesequence. "
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Weed dry matter was lowest in weed free followed by butachlor/isoprotu n,
pretilachlor/isoproturon and butachlor/diclofop -methyl at 40, 60 DAS and at harvest. Highest grai~-
yield was recorded in weed free (49.4 q/ha) followed by pretilachlor/isoproturon (44.5 q/ha),
butachlor/isoproturon (44.07 q/ha) and butachlor/dlchlofop methyl (42.6 q/ha) as compared with
weedy (38.83 q/ha).

In wheat during 1995-96, six weed species was encountered. The dominant weed species
were C. ficifolium, Phalaris minor, C. intybus, and M. denticulata. The incidence of C. ficifolium, C.
intybus, and P. minor were lowest in T1 (Butachlor/isoproturon) and that of M. denticulata in

. Pretilachlor/isoproturon herbicide sequence.

In wheat the weed dry matter was lowest in weed free followed by pretilachlor/isoproturon,
butachlor/dichlofop methyl, butachlor/ isoproturon and weedy. The crop yield was highest tn weed
free (48.9 q/ha) followed by pretilachlor/isoproturon, butachlor/isoproturon, butachlor/dichlofop
methyl and lowest in weedy (39.1 q/ha).

Effect of Rice-wheat cropping system and herbicide sequence on weed population/m,
weed dry weight (g/m) at an interval of 40,60 & at harvest and grain yield of wheat varietLWH-147
during Rabi 1995-96. -

Table-28 : Effect of rice based cropping system and herbicide sequence on the distribution
of weed flora in rice and wheat.

Treatments Weed count/m2 Weed dry wt. (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

RICE

T1 5.65 6.42 5.37 6.2'0 44.07
But/IPU (32.33) (42.33) (29.17) (39.40)

"
T2 5.83 6.71 5.52 6.35 44.51
Preti/IPU (35.33) (46.67) (31.23) (41.83)

T3 8.31 9.49 7.98 9.52 42.67
But/Dichlo (75.33) (98.67) (69.26) (99.50)

T4 11.88 13.68 10.62 13.74 38.83
Weedy (141.00) (187.00) (112.30) (188.46)

T5 2.12 1.76 2.06 1.67 49.46

Weed Free (4.33) (2.67) (4.43) (2.37)

CDat 5% 3.62 4.09 3.38 4.10 4.69

Original values are in parenthesis
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Treatments Weed count/m2 Weed dry wt. (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

WHEAT

T1 7.55 6.86 8.38 7.41 42.55
But/IPU (56.67) (46.67) (70.07) (54.60)

T2 6.67 6.08 7.40 6.47 45.18
Pret./IPU (44.00) (36.67) (54.27) (41.33)

T3 7.27 6.79 8.03 7.15 42.37
But/Die!. (52.33) (45.67) (64.07) (50.57)

T4 9.79 10.82 10:63 11.25 39.16
Weedy (95.3) (116.67) (112.63) (126.20)

T5 2.32 1.95 3.19 2.48 48.92
Weed free (5.00) (3.33) (9.97) (5.70)

. d at 5% ·0.72 3.33 0.96 0.44 2.90

* Original values are in parenthesis

WP-4-b: To study the effect of 2,4-0 protectants on tomato.

O. Swain and V.M. Bhan

T.omato Vr. Pusa early dwarf was sown in lines following standard agricultural practices
and one month old plants were treated as follows. Various 2,4-D protectants (HPs) like Physalis
minima root extract (2.5%), Jaggery (3%), Glutamic acid (100 ppm) and glutathione (100 ppm)
were used as 2,4-D protectants. The spraying of herbicide protectants were done in two ways. In
the first set, the. HPs were sprayed on to the tomato plant (fully drenched) 6 hours after the
application of 2,4-D (0.5 kg/ha), and in the second set, the HPs were applied 3 days before the
application of 2,4-D.

Various parameters like tomato plant height, dry weight, number and weight of fruits/plant
and weed dry weight/m were taken. It was observed that when the herbicide was applied before
(6hr) the application of HPs the 2,4-D toxicity to the tomato plant was maximum and was at par
with sole 2,4-D treatment which otherwise meant that, once the herbicide injury is caused, the HPs
can not protect the plant. However, when the HPs were applied in advance i.e. 3 days before the.
appllcatlon of 2,4-D, the herbicide injury was the minimum in all treatments except Jaggery and at
par with the control. The weed dry matter was lowest with 2,4-D treatment and other treatments are

.at par with it except in control where-a higher weed dry matter ws noted. Jaqqery treatment could
r )t protect tomatG-aQainst 2,4-D injury.
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Table 29 : Effect of different herbicide protectants on height and mortality of tomato at 20
days after application of 2,4-0 to 1 month old plant

SI. Treatments Height (ern) Mortality (%)

I. Treatment of herbicide protectants given to 1 month old
tomato 6 hrs after the application of 2,4-0
1. P. minima root extract (2.5%)
2. Jaggery (3%)
3. Glutathione (100 ppm)
4. Glutamic acid (100 ppm)

II. Treatment of herbicide protectants to 1 month old
tomato given 3 days before the application of 2,4-0
5. P. '!1inima root extract (2.5%)
6. Jaggery (3%)
7. Glutathione (100 ppm)
8. Glutamic acid (100 ppm)
9. 2,4-0 (sale)
10. Control

12.77
10.27
11.75
12.98

24.56
60.23
.J1.93

5.96

16.78
11.44

25.70
22.88
10.37
31.23

16.95
47.39

6.73
2.66

69.67
0.66

Table 30 Effect of different herbicide protectants on the yield parameters and weed dry
matter of tomato at harvest

SI. Treatments No. of Weight of Dry Weed Dry

fruits/ fruits/ weight/ matter/
plant plant . plant m2

I. Applied 6 hrs after 2,4-0 treatment
1. P. minima root extract (2.5%) 3.3 24.52 3.47 14.57

2. Jaggery (3%) 5.3 46.76 6.22 20.80
3. Glutathione (100 ppm) 4.0 4.76 8.69 17.77

4. Glutamic acid (100 ppm) 8.0 87.36 23.40 14.45

II Applied 3 days before 2,4-0 application
5. P. minima root extract (2.5%) 15.0 122.28 20.68 19.62
6. Jaggery (3%) 11.0 100.86 19.12 23.88

7. Glutathione (100 ppm) 2.3 26.49 4.88 22.12

8. Glutamic acid (100 ppm) 6.0 77.88 17.53 20.06
9. 2,4-0 (sale) 1.3 6.88 4.67 12.79

10. Control 6.0 85.51 16.46 36.45
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WP-3-a-il: Isolation, identification and maintenance of herbicide resistant soil bacteria.
D. Swain and V.M. Shan

Five species of herbicide resistant bacteria to herbicide like (i) 2,4-D, (ii) Atrazine, (iii)
isoproturon, (iv) Diuron and (v) Glyphosate were isolated from NRC-Weed Science Farm soil which
can grow in culture media containing above 200 ppm of herbicides. All these bacteria were found
to be soil borne saprophytes rod-shaped gram negative and resisatant to antibiotics like ampicilline
and tetracyciin. It was identified that Pseudomonas aeruginosa was resistant to both isoproturon
and diuron where as Alkaligenes faecalis was resistant to atrazine. The above bacterial cultures are
being constantly maintained and it is expected that they may serve as a source of resistant genes
for further genetic manipulation in introducing herbicide resistence to desired crops.

Figure 6 Atrazine resistant soil bacteria (2000X)

~ -
Figure 7 Isoproturon resistant SOil bacteria (5000x).
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Figure 8 : Glyphosate resistant soil bacteria (2000X)

WP-3-a-iii: Application of herbicide resistant bacteria as a means of herbicide protection
against atrazine and diuron in wheat. D S . d V M Sh.. wam an .. an

Herbicide resistant bacteria were isolated from the rhizosphere and multiplied and applied
as seed dressing which were sown in earthen pots along with weed seeds (P. minor). Various
concentrations of herbicides below and above standard doses were applied as pre- emergence. It
was noticed that the bacteria could differentially protect the crop against herbicide injury in lower
doses upto 30 days with reduced toxicity as compared to control. P. minor, however, remained
relatively highly affected in these doses -":

WP-3-a-iv: Assessment of butachlor tolerance/ resistance in different rice varieties.

D.Swain and V.M. Shan

Thirty four varieties of rice IikeIR-36, CB-2, ADT-9, PR-203, FR- 13A, P-3, Pusa Basmati,
Janak, Heera, Annada, Nalinl, Tulsi, Ratna, Chakrabarti, Utkalaprabha, Savitri, Parijat, Sudha,
Sneha, Vandana, Safed Heera, Sankar, Subhadra, Kalinga-3, Vanaprabha, Mahalakshami, Lalat,
Ratnagiri, Jagannath, Arnulaya, Champaisal(local-CRRI,Cuttack), Udaya, Panidhan and Gayatri
were tested against butachlor @ 0,1,2,4 and 16 kg/ha in the field with three replications.

It was observed that varieties like IR-36, Nalini, Savitri(CR- 1009) showed mortality less
than 40 % at 4 kg/ha. Varieties showing around 60 % mortality at 16 kg/ha were Nalini, Sudha, P-3,
Savitri(CR- 1009) and PR-203-2. The highly sensitive varieties which showed 40-40 % mortality at 2
kg/ha were Pusa Basmati, Sneha, ADT-9 and Vanaprabha.
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WP-3-a-v: Evaluation of Cytotoxic Effect of Alachlor and 2,4-0 on Onion

o. Swain & V.M. Bhan

This experiment was carried out in the laboratory to find out the cytotoxic effect of alachlor
and 2,4-D on onion. Results are summerised that .treatment of onion seds, tissues and
enzymatically isolated protoplasts with 1-275 parts/10 solutions of commercial preparations of
alachlor and 2,4-D for different durations resulted in different degree of toxicity leading to inhibition
of germination and root and shoot growth of seedlings and cell death. The study of viability of cells
as revealed by microscopic observations of cyclosis, plasmolysis and vital staining assay with
methylene blue and fluorescinediacetate revealed that the cells were relatively more tolerant to
alachlor than 2,4-D. The toxic effect of herbicides caused coagulation of cytoplasm, nuclear and
nuclear swelling and bursting and rupture of the plasma membrance and tonoplast.

Figure 9 : Cytotoxic effect of 2,4-0 (150 ppm) on onion mesophyll protoplasts (isolated
enzymatically) resulting in rupture of plasma membrane and releasing of vacuoles. The
ruptured protoplasts (dead) staining blue by methylene blue.

WP-3-b-i : To study the eff~ct of soybean based cropping system and herbicide sequence
on the distribution of weed flora in soybean and wheat.

O. Swain and V.M. Bhan

The experiment was conducted for the 4th year starting from rabi 1992-93. During kharif
and rabi 1995-96, the following treatments were given to soybean and wheat respectively.

T1 Pendimethalin/lsoproturon, T2 - Metolachlor/2,4-D,
T3 Pendimethalin/Tralkoxydim, T4 - Weedy, and
T5 Weed free
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A total of eleven weed species were encountered in soybean. The dominant weed species
wereC. communis, E. cotonum and A. sessilis and E. genicu/ata. The dominant weeds were best
controlled by Metolachlor/ 2,4-D herbicide sequence. •

Various observations like weed dry matter at 40 & 60 DAS and at harvest, crop yield and,
specieswise weed count at 40 and 60 DAS were taken.

In soybean it was noted that the weed population and weed dry matter were significantly
less in all herbicide treatment, the lowest being in Metolachlor/2,4-D followed by
Pendlmethalln/tralkoxydlm as compared to weedy. The grain yield of soybean was highest in weed
free (12.1 q/ha) followed by metolachlor/2,4-D (10.9 q/ha) , pendimethalin/isoproturon (9.8 q/ha)
and pendimethalin/tralkoxydim (9.2 q/ha). The lowest yield was noted with weedy (8.12 q/ha). In
wheata total seven weed species were noted. The dominant weed species were W. genicu/ata,. C..
ficifo/ium, C. intybus and P. minor were best controlled by Metolachlor/2,4-D and those of E.
genicu/ata and P. minor by Pendimethalin/isoproturon.

In wheat, the lowest weed dry matter was noted with T5 (weed free) followed by T3
(Tralkoxydim), T1 (Isoproturon) and T2 (2,4-D). The highest weed dry matter was noted with T4
(weedy).The highest yield was observed in T5 (weed free 50 q/ha), followed by T1 (Isoproturon 50
q/ha), T2 (2,4-D 48.8 q/ha) , T3 (Tralkoxydim 47.5 q/ha). The lowest yield was reported in weedy
(39.4q/ha).

Table31 : Effect of soybean based cropping system and herbicide sequence on the
distribution of weed flora in soybean and wheat

Treatments
(InSoybean)

Weed count/po m2 Weed dry wt. (g/m2) Grain
yield

40 DAS 80 DAS 40 DAS 80DAS (kg/ha)

8.43 9.41 8.80 9.88 9.84
(70.66) (88.33) (77.22) (97.33)

5.23 4.73 5.67 5.15 10.98
(27.00) (22.00) (31.97) . (26.03)

8.68 9.51 7.97 9.32 9.25
(75.00) (90.00) (8UO) (95.93)

10.42 11.48 10.88 11.82 8.17
(108.33) (131.33) (117.87) (139.30)

1.74 1.05 2.02-· 1.13 • 12.12
(2.67) (0.67) (4.00) (0.93)

0.78 0.87 1.74 1.03 2.58

T1
Pendi/IPU

T2
, Met/2,4-D

T3
Pendi/Tral
•

T4
Weedy

T5.
Weed free

CD at 5%

* Original values are in parenthesis

•;
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Treatments Weed count/po m2 Weed dry wt. (g/m2) Grain
(In Wheat) yield
• 40 DAS 80 DAS 40 DAS 80 DAS (kg/ha)

T1 8.72 9.26 8.08 9.11 50.03
Pendi/IPU (75.67) (85.33) (64.87) (82.63)

T2 9.66 1Q.17 9.00 10.51 48.82
Met/2,4-D (93.33) (103.33) . (81.10) (110.30)

T3 8.72 9.44 8.04 9.37 47.59
Pendi/Tral (76.33) (89.00) (64.63) (87.87)

T4 12.14 13.29 11.14 13.29 39.43
Weedy (148.00) (177.00) (124.53) (176.77)

T5 2.11 1.95 2.31 2.41 50.83
Weed free (4.00) (3.33) (4.87) (5.37)

CD at 5% 1.31 1.03 1.16 0.95 8.13

* Original values are in parenthesis

WP-2-a-i : To study the influence of rabi crop residues of pea, mustard and linseed on
transplanted rice var. 'Kranti' and its associated weed flora.

D. Swain and V.M. Bhan

The experiment was repeated for the 3rd time during 1995-96 to evaluate the cumulative
influence of rabi crop residue on transplanted rice and its weed flora. The treatments consisted of
control, 15,30 and 45 q/ha of residue (dry matter) of each crop. Observation on the weed flora i.e.
dry matter of weed at 40 and 60 DAT, and growth and yield parameters of the crop were taken into
consideration. .

Effect of crop :

Pea residue has significantly toxic effect on plant growth parameters at 30 DAT but
subsequently, it has stimulatory effect. Althougb the yield is higher than control, the result were not
significant. Mustard residue has no inhibitory effect on the crop plant and slightly higher yield was
noted (49.3 q/ha) as compared to control (46.9 q/ha).

In the case of linseed residue,there is toxic effect on rice at 30 DAT and stimulatory effect
at 60 DAT. The higher dose was more toxic.

Effect of weeds:

A total of eight weed species was encountered in rice. The dominant weeds were C. iria •...E.
.co/anum, C. communis and M. vaginalis., The incidence of all dominant weeds was lowest in the
high dose of pea, mustard and linseed residue.
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Pea residue has slight adverse effect on weed density and weed dry matter. Linseed
residue also significantly reduced weed density and weed dry matter at 40 and 60 DAT.

Table 32: Effect of different doses of Rabi crop residue (viz Pea, Mustard & Linseed) and
weed management on growth and yield of Rice var. "Kranti" during Kharif, 1995.

Cropresidue No. of Plant PI. dry Weed Weed dry Grain
and tillers height weight population weight yield

Weed row length (em) (g) m2 (g/m2) (g/ha)
Management 30 OAT 60 OAT 30 OAT 60 OAT 30 OAT 60 OAT 30 OAT 60 OAT 30 OAT 60 OAT

PeaBhusa q/ha
45 32.17 67.00 56.11 104.99 12.47 22.18 2.45 2.73 2785 3.35 50.62
30 33.17 64.17 57.72 103.88 12.77 21.85 2.87 3.23 3.28 3.71 48.66
15 35.67 61.50 58.98 103.17 12.93 21.40 3.14' 3.33 3.46 4.17 47.60
0 36.00 61.17 61.63 102.07 13.06 20,29 3.31 3.67 3.68 4.35 46.91

CD at 5% NS NS NS NS NS NS NS NS NS NS NS

WeedManagement
Weedy 33.48 62.00 57.46 101.38 12.85 21.08 5.18 5.77 5.89 7.08 47.22

Weed Free 34.91 64.92 59.76 105.68 12.98 22.15 0.71 0.71 0.71 0.71 49.67
CD at 5% NS 1.40 1.72 2.04 NS 0.92 0.63 0.69 0.60 0.65 1.28

MustardBhusa q/ha
45 32.33 65.33 56.84 106.49 12.08 21:.93 2.42 2.77 2.83 3.35 49.29
30 32.67 62.67 58.86 104.43 12.12 21.50 2.89 3.19 3.30 3.99 48.65
15 35.83 60.50 59.51 103.20 12.43 21.43 3.36 3.69 3.~ 4.17 47.81
0 36.83 59.17 61.17 102.38 12.51 21.35 3.60 3.98 4.01 4.35 46.92

CD at 5% NS NS NS NS NS NS NS NS NS NS NS

WeedManagement
Weedy 33.08 59.92 57.85 102.39 12.21 20.81 5.43 6.10 6.26 7.98 46.78

Weed Free 34.58 63.92 60.34 105.86 12.58 21.73 0.71 0.71 0.71 0.71 49.32
CD at 5% NS 1.07 1.40 2.63 NS 0.68 0.79 0.73 0.77 0.65 2.63

LinseedBhusa q/ha
45 29.50 64.17 57.06 105.12 11.97 21.43 2.50 2.83 2.85 3.37 50.26
30 29.67 61.33 58.14 104.29 12.16 21.02 3.03 4.00 3.41 3.85 49.47
15 36.17 59.83 59.63 102.56 12.85 20.93 3.65 4.00 3.94 4.36 48.07
0 37.50 58.66 61.20 102.54 13.01 20.1 53.88 4.16 4.26 4.47 47.21

CD at 5% 5.33 5.38 NS 1.74 NS 0.73 1.18 1.04 1.19 0.76 2.92

WeedManagement
Weedy 32.75 58.83 57.84 101.81 12.25 20.13 5.79 6.43 6.50 7.32 47.58

Weed Free 33.67 63.17 61.18 105.46 12.33 20.77 0.71 0.71 0.71 0.71 50.10
CD at 5% NS 1.64 1.40 2.58 NS 0.51 0.78 0.67 0.80 0.53 1.58

* values are transformed by VX + 0.5
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3.3 BIOLOGICAL WEED MANAGEMENT SYSTEM

PATHOLOGY

VM-1-A: Biological control of weeds using p.lant pathogens.

L.P. Kaurav and V.M. Bhan

Weeds creat problems in management of crops. They not only utilize the nutrients

provided to the crops but they disturb the ecological parameters also ultimately resulting in poor

crop growth and yield in terms of quantity and quality. Several methods are available to check the

weeds like hand weeding, mechanical removal, use of weedicides and application of biocontrol

agents like fungi. Hand weeding or mechanization is very costly. Weedicides are hazardous and

have non-target effects. Hence, more attention is now being given to control weeds through

biological entity of which fungus is an important component. The following investigation have been

made on this line.

VM-1-A-a: Survey of pathogens associated with Parthenium hysterophorus, Cyperus

rotundus, Phaiaris minor and Eichhornia crassipes «.

L.P. Kauraw and V.M. Bhan

. In search was made for suitable plant pathogens for biological management of Parthenium

hysterophorus~ Cyperus rotund us, Pha/aris minor and Eichhornia crassipes for which survey was

conducted in the month of July, 95 and March, 96. The areas surveyed were from Jabalpur to

Katni, Jabalpur to Mandla, Jabalpur to Gadarwara, Karnal and Ludhiana. Samples of infected

leaves and other diseased plant parts of the above plants were collected after every 10 km. Due to

heavy rains, desired number of samples could not be collected. Few samples exhibited leaf spots

and wilting parthenium plants, deep brown spots on water hyacinth, brown spots on Cyperus

rotundus. No clear disease symptoms on Pha/aris minor could be observed. Seeds of the above

plants were also collected. The associated fungi with diseased plant parts are given in Table-33.

It is evident from Table-33 that species of Fusarium , Alternaria and Curvu/aria sp.,

Sclerotium rolfsii and Sclerotinia .sc/erotiorum were associated with plant parts of P.

hysterophorus. Rust was .ebserved on C. rotundus. Fusarium sp. was also associated. In E.

crassipes, Acromonium sp. and A. alternata were associated. P. minor did not yield any disease

symptoms as well as pathogenic fungi.
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Table 33 : Fungi found associated with diseased samples of four weeds during survey.

Sl. Host Plant Jabalpur to Jabalpur to Jabalpur to Around Around
No. Part Katni Mandla Gadarwara Karnal Ludhiana

1. Parthenium Leaf Fusarium sp. Alternaria Fusarium sp.
hysterophorus Stem/ Curvularia sp. alternata Curvularia sp.

root Sclerotium
seeds roltsil

Basal Sclerotinia
Stem sclerotiorum

2. Cyperus Leaf Fusarium sp. Rust Rust
rotundus (Puccinia (Puccinia

sp.) sp.)

3. Phalaris Leaf

minor Seeds

4. Eichhornia Leaf Acremonium sp.

crassipes Bulb Alternaria alternata

VM-1-A-b: Isolation of associated fungi

L.P. Kauraw, Archana Chile and V.M. Bhan

From infected samples of Parthenium hysterophorus, fungi like Fusarium sp., Sclerotium
ro/fsii, Sclerotinia sclerotiorum and Curvularia sp. were isolated from Katni samples, Alternaria
alternata from Mandla samples, Alternaria alternata and Curvularia sp from Gadarwara samples.
On Cyperus rotundus, Fusarium sp. was isolated from Katni area. Rust Puccinia was observed on
C. rotudus in Karnal and Ludhiana. From water hyacinth, Acremonium sp. and Alternaria alternata
were isolated from Katni samples. No pathogens could be isolated from Phalaris minor;

VM-1-A-c: Testing media for growth of different pathogens

L.P. Kauraw, Archana Chile and V.M. Bhan

Experiment was conducted in the laboratory for growing the isolated fungi on different
substrates. Neem oil cake, Mustard oil cake, Arhar chunee, Pea chunee and saw dust were tested
after sterlization for the growth of Alternaria alternata, Fusarium peuidoroseum, Sclerotium ro/fsii,
Sclerotinia sclerotiorum and Trichoderma viride. Trichoderma viride grew very fast on neem oil
cake. The fungi Alternaria alternata, Fusarium pallidoroseum, Sclerotium ro/fsii and Sclerotinia
sclerotiorum grow better in all the test substrate except saw dust (Table-34).
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Table - 34: Comparative efficacy of five medias for the growth of five fungi isolated from
weeds.

Name of Neem oil Mustard Arhar Pea Saw
test fungus cake oil cake chunee chunee dust

Trichoderma viride +++ + +++ +++
Sclerotinia sclerotiorum + ++ +++ +
Sclerotium rolfsii ++ + +++
Fusarium pallidoroseum + ++ ++ +++
Alternaria alternata + ++ + +

Scale = + + + Excellent, + + Good, + Moderate, - Nil growth

It is evident from Table-34 that Arhar chunee was the least for the growth of T. viride,
Sclerotium rolfsii and Sclerotinia sclerotiorum. Pea chunee was better for F. pallidoroseum and
mustard oil cake for A. alternata. Neem oil cake and pea chunee were equally good for the growth
of T. viride.

VM-1-A-d : Testing efficacy of fungi for the control of weeds

L.P. Kauraw, Archana Chile and V.M. Bhan

The following field experiments were carried out for testing the efficacy of Trichoderma
viride to control Parthenium hysterophorus.

I. Effect of Trichoderma viride mycelial and spore spray at different growth stages
of Parthenium hyster~phorus.

For knowing the critical stage of Parthenium hysterophorus at which T. viride can kill the
plant. 200 g wet mycellium was cut into small pieces waring blender in 1 litre sterlized water. This
fungus suspension was sprayed in soil in 3x2 sq.m. area. The fungus suspension was sprayed at
an interval of 0, 8, 15, 21, 30, 40, 60 & 75 DAS alongwith control (without spray), in a randomised
block design with three replications were maintained. Observations were recorded at the maturity
of the plants i.e., plant length, number of branches and number of flowers. Spray of fungus
suspension from 0 DAS to 75 DAS could reduce plant length, number of branches/plant and
number of flowers/plant. Maximum reduction in length, number of branches/plant

and number of flowers/plant was obtained in plots sprayed from 0 to 30 DAS and very less
when sprayed at 60 & 75 DAS has lesser effect. Trichoderma fungus has better inhibitory effect on
parthenium at early stages of plant growth (Table-35)
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Table 35 : Effect of fungus spray of Trichoderma viride at different growth stage of
Parthenium hysterophorus

Treatment Average
height /Plant

No. of
Branch/Plant

No. of
flower /Plant

Per cent
germination

ODAS
8 DAS
15 DAS
21 DAS
30DAS
40 DAS
60 DAS
75 DAS
CONTROL
CD at 5%

41.73
47.33
53.13
46.20
51.20
50.93
45.40
49.93
95.60

61.33
58.06
61.66
54.53
57.76
60.20
60.60
59.40
81.86
10.50

5.33
4.40
3.66
2.73
3.20
4.60
4.66
4.60
5.06

1.122

244.53
147.86
107.20
153.00
127.46
171.90
217.73
229.86
328.33

58.10

ii. Effect of Sclerotium rolfsii at different growth stages of Parthenium hysterophorus.

For testing the weed control efficacy of Sclerotium rolfsii against Parthenium
hysterophorus, for knowing the critical stage of the weed which the fungus could kill. 200 g of wet
mycellium was cut into small pieces in waring blender in 1 litre sterlized water. This fungus solution
was sprayed in 3x2 sq. m. area. the fungal suspension was sprayed at an interval of 0, 8, 21, 30, 40,
60 & 75 DAS alongwith control (without spray), in a randomised block design with three
replications: Observations were recorded at maturity of the plants on plant length, number of
branches and number of flowers. Spray of the fungus from 0 DAS to 75 DAS could reduce plant
length, number of branches/plant and number of flowers/plant. Maximum reduction in length,
number of branches/plant and number of flowers/plant was obtained in spraying of the fungal
suspension 0-30 DAS (Table-36).

Table 36: Effect of spray of Sclerotium rolfsii mycelial suspension at different growth
stages of Parthenium hysterophorus.

Treatment Per cent Average No. of No. of
germination height /Plant Branch /Plant flower /Plant

o DAS 68.53 54.16 4.13 269.27
BDAS 57.33 49.13 3.20 257.30
15 DAS 54.00 55.20 3.60 209.50
21 DAS 60.33 60.93 4.06 185.06
30 DAS 52.66 60.80 3.73 220.60
40 DAS 63.66 67.13 5.00 273.60
60 DAS 77.26 72.33 4.50 263.00
75 DAS 72.53 72.93 4.80 277.46
CONTROL 89.33 78.80 5.00 299.46
CD at 5% 7.37 1.04 33.26
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iii. Efficacy of different methods of infestation of Sclerotium roltsii on the germination of
Parthenium hysterophorus seed in different months.

In order to find the best method of infestation and critical period of application to check
the germination of Parthenium hysterophorus. Sclerotium rolfsii was grown on potato dextrose
broth. Ten days old culture was used for infestation by three methods i.e. seed infestation, soil
infestation and spray on plants. Wet mycelium (200 g) was cut into pieces in waring blender in 1
litre sterlized water and this liquid was used for the study. Treatment of seed and soil and spray of
plants could reduce seed and plant growth. Soil and spray treatment with S. rolfsii fungusbest
results were obtained in December, 1995 (Table -37).

Table 37 : Efficacy of different methods of infestation with Bc/erotium rolfsii on the seed
germination of P. hyterophorus.

Month Parthenium seed germination (No. of seed-1 00)
Seed trt. Soil trt. Spray trt. Control

July 95
August
Sept.
Oct.
Nov.
Dec.
Jan. 96
C.D.at 5%

48.33
42.67
49.67
38.00
21.67
21.67
22.67
18.85

30.67
18.00
27.67
18.33
32.33
12.00
22.33
13.53

65.67
62.67
81.33
54.33
25.67
12.00
13.00
21.92

61.00
70.67
72.67

43.00
22.33

26.67
26.67
25.99

VM-1-A-d : Host specificity of Sclerotium rolfsii isolated on different crops.

L.P. Kauraw, Archana Chile and V.M. Bhan

Ten crops were tested for their susceptibility to Sclerotium rolfsii by seed infestation
method and spray in pots. All the test crops were infected with this pathogen (Table-38). In all 100
seeds were planted.

Table 38 : Reaction of Sclerotium rolfsii on ten field crops.

Number of Control Percent
Crop Infected Plants Inhibition

Maize 14.67 16.67 12.00
Gram 19.00 22.00 13.64
Wheat 13.00 20.67 37.11
Urad 14.67 19.67 25.42
Mung 11.33 19.33 42.11
Lentil 13.00 18.33 29.09
Linseed 22.00 21.33 4.69
Pea 23.33 23.67 1.41
Mustard 16.00 22.00 18.18
Arhar 15.00 20.00 25.00
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VM-1-A-g : Effect of Marigold population on the growth and survival of Parthenium
hysterophorus ..

L.P. Kauraw, Archana Chile and V.M. Shan

In order to find out the number ~f Marigold plants required to suppress 50 Parthenium
plants, field experiment was carried out. The Parthenium and marigold plants were grown in eight
combination i.e. 50:25M, 50:50, 50:75, 50:100, 50:125, 50:150, 50:175, 50:200 plants.

It was observed that Parthenium plants were completely supressed by Marigold plants.
Parthenium plants were very weak and fragile. This is a very cheap and effective method for the
management of Parthenium in non-cultivated areas (Table-as).

Table 39 : Effect of the population of marigold plants 'on the growth and survival of
Parthenium hysterophorus

Treatment Length of Parthenium No. of Branches. No. of flower
P M /plant (ern) /plant per plant

50 25 108.33 3.86 668.33
50 50 102.40 3.00 392.73
50 75 109.46 2.80 314.53
50 100 106.00 1.86 319.06
50 125 91.60 2.13 162.86
50 150 103.20 2.60 246.26
50 175 101.73 2.26 238.66·
50 200 93.46 1.80 177.33
Control 125.06 5.60 985.66
CD at 5% 18.46 276.32

Figure 10: Growth of Parthenlurn in marigold stand.
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VM-1-A-g : Effect of Sannhemp plant population on the plants of Parthenium hysterophorus.

L.P. Kauraw, Archana Chile and V.M. Shan

To find out the number of sannhemp plant required to suppress 50 parthenium plant, a
field experiment was carried out where both the plants were grown in different ratios i.e. 50
Parthenlurn.zs Sannhemp, 50:50,50:75, 50:100, 50:125, 50:150, 50:175, 50:200. It was observed
that parthenium plants were not supressed by sannhemp plant (fable- 40).

Table 40 : Effect of Sannhemp plant population on the growth of Parthenium
hysterophorus plants.

Treatment No. of Length Branches - Flowers
Parthenium /plant per per

P M Plants (em.) Plant Plant

50 25 48.67 75.73 2.33 213.07

50 50 36.00 69.67 1.80 133.87

50 75 33.67 69.13 1.73 108.00

50 100 30.33 76.88 2.07 135.13

50 125 30.67 81.47, 2.07 144.47

50 150 31.67 75.13 1.99 84.27

50 175 24.00 64.80 2.13 110.80

50 200 24.33 65.20 2.53 121.10

Control 50.00 98.44 4.40 660.87

CD at 5% 11.17 16.91 1.39 215.66

VM-1-A: Effect of Neem cake and Trichoderma viride on Phalaris minor in wheat crop.

L.P. Kauraw, Archana Chile and V.M. Shan

Neem cake and Trichoderma viride could inhibit the germination and seedling vigour of
Pha/aris minor. Root length of Pha/aris minor was reduced by Neem cake + T.v. (600 + 150 g/m)
and incorporation of T.v. in soil @ 150 g/m2 reduced vigour of Pha/aris minor by damaging root
system without any adverse effect on wheat crop (Table-41 & 42).
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Table 41 : Effect of Trichoderma viride and neem cake on the growth of Phaiaris minor in
wheat crop

Treatment Root Shoot Dry wt. Dry wt. Dry wt. Population No. of Grain
length length of root of shoot of leaf T.V.spore Phalaris yield'

ern/plant ern/plant g/plant g/plant 9 1 9 soil minor g/m2

Untreated 2.86 9.25 0.16 0.28 0.54 224.5 380.0
(7.67)

Neem cake 2.69 5.90 0.12 0.21 0.37 183.0 365.5
400g/m2 (6.73)
Neem cake 2.39 5.80 0.10 0.17 0.35 169.0 342.0
600 g/m2 (5.21)
T.v. 2.75 6.30 0.12 0.17 0.44 19700 166.5 360.0
100 g/m2 (7.06)
T.v. 2.22 5.35 0.04 0.07 0.24 30200 198.0 342.5
150 g/m2 (4.42)
N.C.+T.v. 2.46 5.55 0.13 0.15 0.39 35700 167.0 322.5
200+100 g/m2 (5.55)
N.C.+ Tv. 2.56 5.35 0.12 0.13 0.39 36200 178.0 385.0
200+150 g/m2 (6.05)
N.C.+ Tv. 2.44 5.05 0.12 0.18 0.46 55700 196.0 315.0
400+100 g/m2 (5.45)
N.C.+ Tv. 2.30 6.00 0.09 0.17 0.30 59000 175.5 385.0
400+150 g/m2 (4.79)
N.C.+ Tv. 2.30 4.95 0.13 0.16 0.35 94500 177.5 362.5
600+100 g/m2 (4.79)
N.C.+Tv. 2.25 4.55 0.09 0.10 0.15 94500 159.5 402.5
600+ 150 g/m2 (4.56)
Weed Free 0.70 0.00 0.00 0.00 0.00 387.5
CD at 5% 0.47 2.66 0.05 0.08 0.16

* Values in parenthesis are original, NC - Neem cake, Tv.- T. viride

Table 42: Effect of method of application of neem cake and Trichoderma viride (T.v.)
(singles) on the control of Phaiaris minor in wheat crop

Method of application Root Shoot Dry wt. Dry wt. Dry wt. No. of Grain Population
length length of root of shoot of leaf P.Minor yield T.v.spore
(cm)/ (cm)/ (g)/ (g)/ (g) im2 (g/m2) (1 g)
plant plant plant plant soil

Broadcast NC 450 g/m2 5.61 4.63 0.09 0.16 0.31 171.0 317.5
Incorporation NC 450 g/m2 5.93 6.37 0.10 0.11 0.27 147.0 380.0
Seed treatment NC 450 g/m2 8.22 6.70 0.22 1.09 0.30 172.0 357.5
Broadcast TV 120 g/m2 5.40 4.56 0.75 0.06 0.20 352.5 120.5 12700
Incorporation TV. 120 g/m2 4.60 4.00 0.10 0.14 0.31 135.0 352.5 12000
Seed treatment T.V. 120 g/m2 6.10 5.15 0.09 0.11 0.24 127.5 372.5 14700
Untreated 8.45 6.90 0.36 0.13 0.33 186.0 390.0
C.D. at 5% 2.07 0.74 0.10 0.11 0.25
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VM-1-A: \ Effect of Trichoderma viride on seed germination of Phalaris minor by different day
spray.

L.P. Kauraw, Archana Chile and V.M. 8han

The fungus extract of Trichoderma viride was tested for the control of Phalaris minor seed
germination. The fungus filtrate were sprayed at different intervals (0, 1, 2, 3, 4 and 5 days). The
water treatment served as control. 0 day spray showed 78% inhibition of seed germination
whereas water spray (control) showed 100% germination of seed. Treament of seeds with T. viride
reduced seed germination of Phalaris minor and root & shoot length (Table-43 & 44).

Table 43: Effect of Trichoderma viride fungus on the Phalaris minor seed germination
in different day spray method (filter paper)

Time of sprays No. of Number of Per cent inhibition
of viride infested seeds germinated seeds in germination

o Day 100 22 78
1 Day 100 27 73
2 Day 100 65 35
3 Day 100 83 17
4 Day. 100 93 7.0
5 Day 100 96 4.0
Control 100 100 0.0

Table 44: Effect of spray of Trichoderma viride filtrate on Phalaris minor root and shoot
length in different days.

Time of spray Treated Untreated
of T. viride extract Root length Shoot length Root length Shoot length
after sowing (ern) (ern) (ern) (ern)

o Day 0.65 1.9 3.5 5.90

1 Day 1.5 4.0 3.6 5.92

2 Day 1.6 4.2 3.1 5.92
3 Day 2.1 5.6 4.0 6.12

4 Day 2.3 6.0 4.0 6.20
5 Day 3.27 6.0 4.0 6.22

CD at 5% 0.93 0.17 0.35 0.20
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VM-1-A: Effect of Sc/erotinia sc/erotiorum fungus extract spray on Phalaris minor seed
germination. .

L.P. Kauraw, Archana Chile and V.M. Bhan

The fungus filtrate of Sclerotinia sclerotiorum was tested for the control of Phalaris minor seed
germination. Fungus filtrate was sprayed in different intervals (0, 1, 2, 3, 4, 5 & 6 day): The water treated
seed without fungus filtrate spray served as control. 0 day spray show 25% inhibition of germination
whereas water (control) treated seed gave 95% germination (Table-45).

Table 45 : Effect of Sc/erotinia sc/erotiorum fungus (extract) on the Phalaris minor
seed germination in different day spray (filter paper)

Time of No. of Number of Per cent inhi- No. of
fungus & treated germinated bition in seed gemination
spray at seeds seeds germination seeds

Sclerotinia sclerotiorum spray at
o Day 100 75 25.0 18.75
1 Day 100 82 18.0 20.50
2 Day 100 82 18.0 20.50
3 Day 100 I 88 12.0 22.00

4 Day 100 90 10.0 22.50
5 Day 100 92 8.0 23.00

6 Day 100 95 5.0 23.75

Control 100 100 25.00

ENTOMOLOGY

VM-1-8-a: Biological control of Water hyacinth by insects

Sushilkumar and V.M. Bhan

Monthly survey were made in different three ponds of Jabalpur initially selected after
overall survey. From one ponds 25 plants from different localities were collected and brought to
the laboratory. Each plants were searched for adult weevils, grubs and pupae and total population
was counted and pooled. It was found that maximum population occurred in "Man Singh' pond
followed by "Mahanada" and "Rani Tal" pond. Total density of water hyacinth was .gradually
reduced in each ponds but later on population buildup of water hyacinth occurred. In "Mahanada"
pond other weeds viz., cattail (Typha) sp. and alligator weed (Alternenthra philoxeroides) took the
niche vacated by the action of weevil. These weeds made a compact mesh over the pond surface
and created a floating island. Unequivocally, density of water hyacinth reduced by the bioagent but
in suitable conditions population buildup of water hyacinth occurred rapidly and reduced the
overall effect of the weevils.
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Population of weevils remained high during August to October and gradually declined with
the dry season corresponding with the decline of water hyacinth density.

The reasons for non-effectiveness of the weevils in Mahanada pond may be adding of rich
nutrients from the adjoining areas with the water from the houses due to which weed grow rapidly.

Water hyacinth was also found infested by the aphid but attack was negligible. However,
water hyacinth was found attacked by lepidopteran larvae of Diacrasia obliqua which is a
polyphagous pest, tried were also made to search natural enemies of Neochetina weevils but no
parasite and predator was recorded on them.

The reason of less effectiveness of weevils in the Man Singh's pond may be its rapid
drying during summer season due to which heavily infested population of water hyacinth dried and
simultaneously the weevil population also died. Due to less water on the bank side where generally
water hyacinth population come from the high water level side due to floating action, stayed and
naturally died but released a lot of seeds before death' to germinate in the forthcoming suitable
time.

VM-1-8-b : Survey of insect and non-insect fauna of weeds in Jabalpur and adjoining area.

Sushilkumar and V.M. 8han

During regular survey about 50 insects of different types were recorded on various weeds
of crops and non-crops situations. About 21 insect sp. were identified on various weeds. Out of
these, insects recorded on Ma/achra sp., Ipomea sp., Ludwigia sp., Ca/otropis procera,Lantana
camara, Cyperus rotundus seems to behost specific (Table-46)

During survey at Vindhyanagar, a assassin bug was recorded feeding on the grubs of Z.
bicolorata besides spiders. In laboratory conditions, this bug was able to ~iII and feed on 3-5 larvae
in a day.

In Jabalpur and Vindhyanagar, parthenium and Xanthium strumarium plants were also
found badly infested by the cerembycid shoot and root borer Oberea sp. In comparison to
Xanthium, parthenium plants were found more vulnerable. Initial infestation was found during
August & September in the upper parts of the twigs of the plant where beetle might have laid eggs.
On hatching, eggs entered into the twigs and gradually entered into main shoot. After coming to
main shoot, grubs start their journey towards ground level. In fast blowing of wings, upper or main
infested twigs and stem break and plant may die.

During survey in north India for biological agents on Pha/aris minor only common aphids
and termite's were recorded, In south India, infestation of Bactra spp. on Cyperus rotundus was
recorded. About 1-4 percent infestation was recorded by Bactra spp at Coimbatore.
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Table 46 Number of insects recorded on various weeds during survey.

Weed Important speciesunidentified
insect

Insect
recorded

identified
insect

1. Parthenium hysterophorus 12 8 4
2 Cichorium intybus 3 1 2
3. Malachra sp. 2 2 0
4. Phalaris minor 2 1 1
5. Ludwigia sp. 2 0 2
6. Polygonum sp. 3 3 0
7. Echinochloa colonum 3 2 1
8. Alternanthera sessilis 2 2 0
9. Lantana camara 7 4 3

10. Ipomea sp. 3 3 0
11. Cyperus rotundus 3 2 1

12. Medicago denticulata 1 1 0
13. Chenopodium ablum 4 3 1
14. Cassia tara 3 2 1
15. Eichhornea crassipes 3 1 2

Heliothis armigera
H. armigera

Odontotermes sp.
Halicta sp.

Odontotermus Te/e-
anemia Scrupulosa

Bactra Sp.,
Venosana sp. Dannis sp.

Heliothis armigera.
catopsylla sp.
Neochetina bruchi
Dicrasia obligua.

VM-1-B-c: Studies on the pest potential of the Mexican beetle Zygograma biocolorata
introduced for biocontrol of parthenium

Sushilkumar and V. M. Bhan

Parthenium hysterophorus L. (Asteraceas) of tropical north and south American origin has
spread allover India since its first occurrence at Pune in 1955. It has been categorized a
dangerous weed owing to its properties to cause health hazards in man and domestic animals.
Biological control efforts against this weed were initiated in India with introduction and release of
the Mexican beetle Zygogramma bicotorete in 1984 and which has been reported to spread more
than 50,000 Km2. Since 1990, a controversy has been developed among the scientist on its host
specificity after reports in magazine and news papers that it feeds on an important oil yielding crop
sunflower. The larvae and adults of this beetle have also been reported to feed on an another weed .
Xanthium strumarium in Karnataka .

. Field monitoring of parthenium beetle

The work on the project was started in the month of August 1995. Since August, .month1y
survey is being made at Vindhyanagar (where the beetle Zygogramma bicolorata was released in
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1991). Survey revealed that beetle has spread up to maximum 20 Km far towards east side from
the focal point of its release.

In August 95, good area of parthenium in the Vindhyanagar campus was severely
defoliated but leaves were observed on the lower sides of the plants and infloroscence at the top of
the plants, however, in low density. The overall look of parthenium bushes was ill as suffered of any
disease. In the end of the September, survey revealed that the parthenium plants in whole campus
were completely defoliated and only parthenium stems with dieback like symptoms were standing.

In August 95, population density of beetles was high but at the end of September,
population declined drastically. By the end of October, 95, it was hard to locate the beetles on the
parthenium plants except in stray cases. In November also, beetles were not present. These were
only parthenium stems without leaves betraying beetles attack on the parthenium (Fig.1 f·A) .

There was positive correlation in decrease in defoliation intensity and beetle density
corresponding to distance from the releasing point of the beetle. In August, sunflower plants at
various places amidst severe infestation in the campus were grown but not even nibbling was
observed. Beetles from Vindhyanagar were brought in the laboratory in our Jabalpur institute and
life cycle studies in confined conditions in the laboratory are in progress.

, The larvae of the beetles' were observed to be fed by a predatory bug probably assassin
bug. In caged conditions, one bug was able to kill 3-5 larvae per day. It has to be identify yet.

Damage potential of parthenium beetle was studied by taking random samples of leaf area
of upper, middle and lower portion of three different plants from each locations and data were
pooled. A significant damage was found in comparison to non-damage plants (Fig.1f,:,'8).

Mexican beetle interaction with sunflower and Xanthium strumarium

The damage to sunflower grown amidst the parthnium population at Vindhyanagar was
not observed. Tried was also made to rear Mexican beetle on five sunflower variety. The leaves of
these variety were provided to different stages of Mexican larvae and adult beetles. It was observed
that in first instar larvae could not survive more than 24 hours and second instar larvae more than
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48 hours. Third instar larvae also died after 72 'hours but among the fourth instar larvae, a few
could survive and pupate and adult cound emerged in due course. No complete life cycle could be
observed yet. Beetle were able to feed on all type of variety after 1-2 days and could survive more
than 30 days.

Figure 12 : Damage of Z. bic%rata on Prathenlurn

It is also reported that this beetle is feeding on X. strumarium beside parthenium at
Vindhyanagar in the district Sidhi of Madhya Pradesh, India, where this beetle was released in
1991.

The larvae and beetles were collected from the Vindhyanagar, and brought to the
laboratory at Jabalpur. The freshly emerged larvae were reared separately on xanthium in 11x 14
cm clear plastic jars having wire mesh lid in the BOD incubator at 2JOC + 1 and 70% 5 RH and at
room temperature in June and July 1996. The sex determined by observing the last abdominal
sternite as described by the McCLAY (1980). For seeing host preference and damage potential of
the beetle, freshly emerged adult" beetles (which larvae were fed on parthenium and xanthium
separately) were released on parthenium, xanthium and sunflower and consumed leaf area was
determined with the help of laser based leaf area metre.

Z. bicoiorete remained most active under field conditions at Vindhyanagar during July to
September. In field conditions beetles and larvae were observed to defoliate X. strumarium plants
during July and August. Defoliation was observed only at those places where. Z. bicolorete
devoured the parthenium population completely. At those places where parthenium population
was sufficient, attack on xanthium was not noticed. The eggs were laid generally on the ventral
surface singly or in cluster of 5-7 eggs. Eggs are of light reddish in colour instead of yellow in
colour as were observed in the partheniurn reared eggs. The eggs hatch within 5 days. The larval
and pupal period lasted for 10.80 and 6.43 days and total life cycle completed in 21.77 days at
2JOC + 1°C and 70% + 5% RH in BOD incubator while at room temperature in June and July, it took
20.20 + 4.44 and 23.80 + 1.92 days respectively (Table - 47). Sex ratio was found in favour of female
(F 609: M 270). the females Lived longer (90 days) instead of male (55). Without food, male lived
about 18 days while female lived about 23 days. In xanthium reared adults, egg laying being to
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40.23 1.33

±0.73 ±0.48

2.67

±0.71

3.80 3.03

0.96

10.80

±1.27

6.43

±0.68

21.77

start somewhat late (13-26 days) while in parthenium reared beetles it started earlier (8-13 days).
The total eggs laid during female life span were about 730.20 per female in comparsion to
parthenium reared adults mean 1520.90)

Table 47: Development (in days) of Z. bico/orata on X. strumarium.

Egg Larvae
1

Larvae
2

Larvae
3

Larvae
4

Total
larval
period

Pupal
period

Total
develop-

ment

±0.59 ±1.38

n=30

It was observed that those adult beetles developed feeding xanthium, fed more
voraciously on xanthium in comparison to parthenium reared beetle on xanthium (Table-48). The
damage to sunflower variety KBSH-1 was observed nil by both type of reared beetle.
Unequivocally, parthenium was most preferred host by both the type of beetles. More feeding on
xanthium by xanthium reared beetle indicated some sort of superior capacity to feed on
parthenium. The slight to heavy feeding of sunflower by Z. bicolorata in Karnataka may be due to
continuous exposure of all stages of beetle in the same area since its establishment which might
have resulted some strains which are able to feed on sunflower more frequently than others.

Table 48: Extent of feeding by Z. bico/orata developed from the larvae fed on parthenium
and xanthium (leaf are consumed in cm2/beetle/day).

Name n Mean SD Minimum Maximum

PX 5 0.57 0.61 0.00 1.36
PP 5 2.93 2.06 0.63 5.27
PS 5 0.00 0.00 0.00 0.00
XX 5 1.31 1.27 0.00 3.35
XP 5 3.74 0.98 2.37 5.10
XP 5 0.00 0.00 0.00 0.00

PX Parthnium reared beetle released on xanthium.
PP Parthnium reared beetle released on parthenium.
PS Parthnium reared beetle released on sunflower.
XX Xanthium reared beetle released on xanthium.
~P Xanthium reared beetle released on parthenium.
XS Xanthium reared beetle released on sunflower.
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Biochemical studies

Biochemical studies for different nutritional parameters were started in the laboratory for
larvae and beetle and their hosts viz., parthenium, sunflower and xanthium. Simultaneously work
was also initiated for isolation, characterization, purification of factors responsible for feeding of
parthenium beetle on sunflower.

Biochemical analysis revealed that polyphenol content of the immature parthenium leaves
is 3-4 fold less than matured leaves (Table-49). Carbohydrates content of immature parthenium
leaves is less than all the varieties of sunflower except variety Jwalamukhi. Free amino acid and
protein were comparable with sunflower and were observed in the parthenium (Table-49). DNA,
RNA, protein and free amino acid were found. It was found that generally sunflower cultivars were
not eaten by the larvae and the beetles but when a particular fraction (80% methanolic as reported
by JAY) of parthenium leaf extract was spraved on sunflower leaves. They lived about 18 days
while female beetle up to more than 30 days in the lab conditions. However, larvae could not
survive on the sprayed leaves. Spectophotometric analysis showed that it may be tyrosin,

Table 49 : Various components of sunflower varieties

Jwalamukhi MSF PAC KBSH-1 SANDOZ

Total Carbohydrate 29.33 58.66 27.47 20.80 14.40
(Hexoses) (mg/g leaves)

Pentoses 1.41 2.96 13.98 10.87 7.48
(mg/g leaves)

Phenolics 169.00 107.00 625.00 709.00 100.20

Free amino acids 0.50 0.15 0.23 0.13 0.12

Proteins 31.20 18.00 13.90 7.50 12.50
(mg/g leaves)
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3.4 MECHANICAL WEED MANAGEMENT

AE-1 : Performance evaluation of. improved mechanical weeder for weed control in Kharif
and Rabi crops.

H.S. Bisen and V.M. Bhan

An experiment was continued for third year to evaluate the hoe (big) and grubber (three
tyned hand cultivator).

Data exhibited in Table-50 showed that in soybean, the higher weeding efficiency of 74.8%
was obtained with the mechanical weeding performed at 15 and 30 DAS followed by weed removal
through mechanical weeder at 15 and 40 DAS (68. 7%) and weed removal at 15 DAS (62.4%). Trend
was very much similar in maize crop i.e. higher weeding efficiency of 79.2% was noted in mechnical
weeding performed at 15 and 30 DAS treatment followed by the treatments in which weedings were
performed at 15 DAS (72. 7%) and 15 and 40 DAS (71.3%). The highest weeding efficiency was found
in the treatment where weeding was performed thrice (15,30 & 50 DAS) in which three tynes weeder
operation has been performed resulting in 75.8% weeding efficieny in soybean and 82.7% in maize
crop. The yield of soybean crop was found significant superior to control plot, whereas in case of
maize crop, no significant differences were noted.

Table 50 : Weed control efficiency (Based on Nos./m2) and grain yield in soybean and
maize crop.

Treatments
Soybean

WCE Grain yield
(%) (q/ha)

. Maize
WCE Grain yield

(%) (q/ha)

Mechanical Weeder at 15 DAS
Mechanical Weeder at 25 DAS
Mechanical Weeder at 35 DAS
Mechanical Weeder at 15 & 30 DAS
Mechanical Weeder at 15 & 40 DAS
Mechanical Weeder at 15 & 50 DAS
Mechanical Weeder at 25 & 40 DAS
Mechanical Weeder at 25 & 50 DAS
Mechanical Weeder at 35 & 50 DAS
Weedicide (PE)
Weedy Check
Weed Free
CD at 5%

62.38
56.32
74.81
74.81
68.69
59.63
55.71
48.33
40.50
65.98

0.00
75.85

6.20
4.92
7.86
7.86
6.00
6.26
5.02
6.26
9.32
6.52
7.26
7.06

72.67
64.63
79.25
79.25
71.28
63.20
66.55
46.69
37.18
68.74

0.00
82.69

27.32
25.80
25.12

25.12
28.66
28.72
28.86
29.06
28.00

27.72
21.92
31.12

2.95

WCE- Weed Control Efficiency (%)
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Figure 13 : Weed control through Mechanical Wheel hoe.

3.5 TRANSFER OF TECHNOLOGY

Training

Centre organised a short term training course programme on "Weed Management: A tool
for improving crop production" of eight days schedule from 08.01.96 to 15.01.96. It was sponsored
by Ministry of Agriculture (Deptt. of Agri. & Coopn.), Directorate of Extension. Krishi Vistar Shawan,
New Delhi. This training course programme was provided with a basic objective of imparting
specialised training in the field of weed management to the Subject Matter Specialist (SMS) and
officers of the State Deptt. of Agriculture. The participants were exposed to the advances in weed
management technoloqy and also through field visits around Jabalpur district for practical
orientation and cultivation practices adopted by the farmers. Dr. Anil Dixit and Dr. V;:PS'I\1ghacted
as course coordinators for the training programme
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Figure 14: Inaugural address of Director, NRCWS to participants of the training programme

Figure 15: Field demonstration of spraying equipment to participants.
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4.0 EXPERIMENTAL FARM

The centre is equipped with a research farm having 59.5 ha land handed over by JNKVV,
Jabalpur in 1990. The farm has two tractors and different farm implements. At present most of the
area of experimental farm is irrigated with three tubewells. The farm has an information centre cum
committee room, temporary shed for cfflcialfield laboratories and garages for tractors, workshop
cum garage shed and implement shed.

During kharif season, 24.32 ha was covered under cultivation and crops grown were
soybean, paddy, maize, dhaincha, multicrop trial. During rabi season, 37.9 ha area was covered
under wheat, qrarn, pea, rajmash, lentil, linseed, and mustard crops.

Table 51 : Area and Production of Kharif and Rabi crops

Kharif Crops Area Production Rabi crops Area Production
(ha) (Otl.) (ha) (Otl.)

Paddy Wheat
a. Kranti 9.16 344.77 a. WH-147 9.7 161.00
b. Basmati 1.40 25.41 b. C-306 2.8 62.00
c. Madhuri 4.60 139.11 c. Sujata 2.6 66.00
Soybean 5.60 40.64 Linseed 9.1 65.92
Maize 0.76 15.01 Mustard 5.9 49.00
Dhaincha 0.40 1.54 Pea

,
0.8 7.00

Gram 3.9 1.00'
Lentil 1.2 1.00
Rajmash 0.7 1.40

Maize
15.01

Soybean
40.64 Wheat C-306

62

Pea
7

~ustard
49

Paddy Madhurl
139.11

Wheat SuJata

"
Figure 16: Production of Kharif and Rabi crops
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6.0 MISCELLANEOUS ACTIVITIES

A. DISTINGUISHED VISITORS

National

1. Dr. V.L. Chopra, Former Director General, ICAR, visited the centre on 25.09.95.

2. Smt. Aruna Sharma, additional Secretary, Agriculture, State Deptt. of Agriculture,
Bhopal visited the centre -on 5.2.96.

Figure 17: Former Director General Dr. V.L. Chopra interacing with the centre's scientists at
research farm

Figure 18: Add/. Secretary (Ag.) Smt. Aruna Sharma visiting research farm.
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International

1. Dr. 0.0 Olufajo, institute of Agriculture Research, Ahmad Bello University, PMB 1Q44,
Zaria. Nigeria, visited the Centre.

2. Dr. Peter O.Oyekan, Institute of Agriculture Research and Training, Obafemi Anolowo
Universit,. PMB 5029, Ibadan, Nigeria, visited the centre.

B. CULTURAL PROGRAMMES

Cultural progammes were orqanised by the office staff during the year on Annual Day. The
programmes offered the staff the opportunity to display their cultural talents such as singing,
dancing. etc.

Figure 20 : Annual Day celebration
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During the Republic Day, centre organises staff childrens games related to their levels and
staff qarnesllke volleyball, cricket, table tennis etc.

Figure 21: Children's events on Republic Day.
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7.0 VARIOUS COMMITTEES

MANAGEMENT COMMITTEE

The meeting of the management committee was held on 24.01.96 under the chairmanship
of Director of the centre to discuss about various policy matters related to consideration of the
proposal of annual and five year plan, periodical review of progress of development scheme,
annual budget and expenditure. The composition of management committee of NRCWS is as
follows: -

1. Dr. V.M. Bhan, Director, NRCWS, Chairman;

2. Dr. P.C. Bhatia, ADG (Agro) , ICAR, Member;

3. Dr. A.S. Tiwari, Dean Faculty, JNKVV, Member;

4. Dr. M.V. Singh ..Project Coordinator, IISS,.Member ;

5. Sh. H.S. Bisen. Sr. Scientist (AE), NRCWS, Memberl ;

6. Sh. S.C. Sharma, Suptd., (A&A) and Secretary, IJSC, NRCWS;

7. Sh. Balwant Rai, MO, NRCWS and Member Secretary.

Figure 22: Meeting of Centre's Management Committee being held.

STAFF RESEARCH COUNCIL

The SRC of the centre has been reconstituted by the ICAR with four members from
outside. The outside members nominated are Dr. R.K. Malik, Prof., Deptt. of Agronomy, HAU,
Hisar; Dr. S.P. Singh, Project Coordinator, Biological control. Bangalore; Dr. L.S. brar, prof., Deptt.
of Agronomy, PAV, Ludhiana and Dr. P.C. Bhatia, ADG (Agro). The meeting was held on 02-03
May, 1995 under the Chairmanship of Dr. V.M. Bhan, Director, NRCWS to discuss about the
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ongoing research projects and new research proposals. The other members were Dr Lp. Kauraw,
Sr. Scientist; Sh. H.S. Bien, Dr. Scientist; Dr.D. Swain, Scientist; Sh. OK Pandey, Scientist; Dr.
A.N. Singh, Scientist; Dr.V.P. Singh, Scientist; Sh. J.S. Mishra, Scientist; Dr. Ani Dixit, Scientist and
Dr. Sushilkumar, Scientist and Member Secretary.

RESEARCH ADVISORY COMMITTEE

ICAR has constituted a Research Advisory Committee to formulate research guidelines
and direction to the research policies of the centre under the chairmanship of Dr. Ambika Singh
(Ex-ADG); Dr. O.P. Gupta (Ex-DR RAU): Dr. P.C. Bhatia (ADG, Agro); Dr. S.K. Mukhopadhyay (Sr.
Prof., Agro); Dr. Y.P. Abrol (Ex-Head, PI. Physiol) and Dr. V.M. Bhan, Director of NRC-WS and
Member Secretary.

QUINQUENNIAL REVIEW TEAM (QRT)

ICAR has constituted quinquennial review team to review the performance of the centre
with regard to achievement of its objectives in the last five years. It also examines the objectives,
scope and relevance of the research programmes for the next five years in relation to the overall
national plans, policies and long-term and short-term priorities. The team is comprising of the
members are Dr. R.P. Singh, Ex-Director, CRIDA, Hyderabad as Chairman and Dr. HK Pandey,
Ex-Director, CRRI, Cuttack; Dr. Vikram Singh. Ex-DRS, GBUA&T, Pantnagar; Dr. SK
Mukhopadhyay, Sr. Professor, Vishva Bhatti, Sriniketan; Dr. R.K. Malik, Professor Weed Science,
CCSHAU, Hisar all as members and Dr. V.M. Bhan, Director, NRCWS, as Member Secretary.

,
To assist day-to-day working of the centre, the following committees are also functioning:

a. Farm Advisory Committee;

b. Purchase Committee;

c. Price Fixation Committee; and

d. Yield Estimation Committee.
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ANNEXURE -I

Total strength of the staff in the centre is 69 (Scientist-11) Technical-19, Administrative-11,
Auxillary-3 and Supporting staff-25} A list of staff position is given below.

STAFF IN POSITION (as on 31.03.96)

SI. Designation Name Joining Date of selection
No. promotion if any

RESEARCH MANAGEMENT PERSONNAL

1. Director Dr. V.M. Bhan 22.04.89

SCIENTIFIC PERSONNAL

2. Sr. Scientist (PI. Patho) Dr. L.P. Kauraw 10.07.91
-

3. Sr. Scientist (Ag. Engg.) Dr. H.S. Bisen 01.01.92

4. Scientist (PI. Physiol) Dr. D. Swain 25.02.91

5. Scientist (PI. Physiol) Sh. O.K. Pandey 29.11.91 On study leave
from 27.1.96

6. Scientist (Agronomy) Dr. S. Singh 20.11.90 On Lien

7. Scientist (Agronomy) Dr. A.N. Singh 01.04.91 from 17.5.95

8. Scientist (Agronomy) Dr. V.P. Singh 28.05.92

9. Scientist (Agronomy) Sh. J.S. Mishra 24.07.92 On study leave
from 17.8.95

10. Scientist (Entomo.) Dr. Sushilkumar 11.04.94
11. Scientist (Agro.) Dr. Anil Dixit 11.08.94

TECHNICAL PERSONNEL

12. T-5 (Technical Officer) Dr. M.S. Raghuwanshi 24.08.92

13. T-5 (Farm Manager) Sh. R.S. Upadhyay 17.03.90

14. T-4 (Librarian) Sh. M.N. Jadhav 08.07.91

15. T-4 (Sr. Photographer) Sh. Basant Mishra 19.12.91

16. T-4 (Tech. Asstt.) Sh. Sandeep Dhagat 05.11.90 Promoted on

17. T-4 (Artist) Sh. V.K.S. Meshram 05.11.90 5.11.95

18. T-II-3 (Draftsman) Sh. G.R. Dongre 19.09.91

19. T-II-3(Tech. Asstt.) Sh. O.N. Tiwari 01.02.94

20. T-II-3 (Farm Mechanic) Sh. M.P. Tiwari 21.05 -.92
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SI. . Designation
No.

Name Joining Date of selection
promotion if any

21. T-2 (Field Assistant) Sh. J.N. Sen 13.03.90 Promoted on 13.3.95

22. T-2 (Field Assistant) Sh. S.K. Parey 15.03.90 Promoted on 15.3.95

23. T-1 (Field Assistant) Sh. K.K. Tiwari 14.21.92

24. T-1 (Field Assistant) Sh. S.K. Tiwari 14.01.92

25. T-1 (Field Assistant) Sh. Somitra Bose 14.01.92

26. T-1 (Field Assistant) Sh. G. Vishwakarma 28.03.92

27. T-1 (Field Assistant) Sh. Ajay Pal Singh 28.03.92

28. T-1 (Field Assistant) Sh. R.K. Meena 11.02.94

29. T-1 (Field Assistant) Sh. Mukesh Meena 22.02.94

30. T-1 (Field Assistant) Sh. V.S. Raikwar 26.05.95

ADMINISTRATIVE

31. Asstt. Admn. Officer Sh. Balwant Rai 21.08.89

32. Suptd. Sh. S.C. Sharma 19.03.90 Promoted on 12.4.95

33. Sr. Clerk Sh. S.K. Sharma 02.12.89

34. Stenographer Smt. Nidhi Sharma 28.11.89 Promoted on 12.4.95

35. Jr. Stenographer Sh. Ajay Bhowal 24.10.92

36. Jr. Stenographer Sh. Manoj Gupta 05.05.95 Selected on 5.5.95

37. Jr. Clerk Sh. J.P. Kori 21.05.90

38. Jr. Clerk Sh. R.K. Hadge 26.11.90

39. Jr. Clerk Sh. T. Lakhera 26.11.90

40. Jr. Clerk Sh. Sunil Gupta 17.02.90

41. Jr. Clerk Sh. B.P. Uriya 25.03.92

SUPPORTING

42. Messenger (SSG-II) Sh. Francis Xavier 17.02.90

43. Messenger (SSG-II) Sh. Veer Singh 02.03.90

44. Messenger (SSG-I) Sh. A.K. Tiwari 31.03.92

45. Messenger {SSG-I) Sh. Shiv K. Patel 28.03.92

46. Messenger (SSG-I) Sh. Pyare Lal 31.03.92

47. Messenger (SSG-I) Sh. Sukha Singh 03.04.92
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SI. Designation Name Joining Date of selection
No. promotion if any

48. Lab. Attendant (SSG-I) Sh. Sebasten 28.03.92

49. Lab. Attendant (SSG-I) Sh. S.L. Koshta 28.03.92

50. Lab. Attendant (SSG,I) Sh. J.P. Dahiya 31.03.92

51. Lab. Attendant (SSG-I) Sh. Madan Sharma 31.03.92

52. Lab. Attendant (SSG-I) Sh. J. Vishwakarma 08.04.92

53. Farm Mazdoor (SSG-II) Sh. Raju Prasad 19.03.90

54. Farm Mazdoor (SSG-II) Sh. Jagoli Prasad 21.03.90

55. Farm Mazdoor (SSG-II) Sh. Jagat Singh 23.03.90

56. Farm Mazdoor (SSG-II) Sh. C.L. Yadav 30.03.90

57. Farm Mazdoor (SSG-I) Sh. Anil Sharma 23.04.91

58. Farm Mazdoor (SSG-I) Sh. Ram Kumar 10.05.91

59. Farm Mazdoor (SSG-I) Sh. Naresh Singh 10.05.91

60. Farm Mazdoor (SSG-I) Sh. Gajjulal 26.10.93

61. Farm Mazdoor (SSG-I) Sh. S.C. Rajak 09.02.96

62. Security Gaurd (SSG-I) Sh. Rajesh 23.05.95

63. Security Gaurd (SSG-I) Sh. Gangaram 23.05.95

64. Security Gaurd (SSG-I) Sh. Santosh Kumar 12.02.96

65. Security Gaurd (SSG-I) Sh. Santlal 13.02.96

66. Security Gaurd (SSG-I) Sh. M. Patel 24.02.96

AUXILIARY

67. Driver Sh. Prem Lal 23.03.90

68. Driver Sh. D.K. Sahu 23.03.90

69. Tractor Driver Sh. Bhagunte Prasad 15.05.90
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ANNEXURE-II
The expenditure (In rupees) for the year 1995-96 under different heads is as follows:

Statement of expenditure during the year 1995-96 (Rs. in lakhs)

SI. Name of Heads Plan Non-Plan Total
No. (Rs.) (Rs.) (Rs.)

1. Establishment charge 25.65 7.67 33.32

2. Travelling Expenses 1.10 0.30 1.40

3. Expenditure acquiring assets:
a. Land

b. Building & other original works 46.31 1.0 47.31
c. Tools and Plants 15.94 15.94
d. Furniture & other office equipment 2.77 2.77
e. Typerwriters & Accounting Machines .-
f. Vehicles 0.03 0.03
g. Livestock
h. Library Books & Journals 3.54 3.54-- --

95.34 8.97 104.31

4. Additional expenditure:
a. Pension & Gratuity '-

b. P-Loans 1.75 0.30 2.05

c. Q-funded Debts 3.40 1.09 4.49

d. R-Deposits 1.22 1.22

e. S-Advances 0.17 0.05 0.22

f. T-Suspense
g. Remittance 106.92 11.60 118.52

h. Closing Balance:
a. Cash in hand 0.10 0.10

b. Cash in Bank 20.94 2.00 22.~4

GRAND TOTAL 229.84 24.01 253.85
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ANNEXURE -III

A. Visits in Symposium/Seminar/Conference/Meeting etc.

Dr. V.M. Shan, Director,

Attended the Research Advisory Committee meeting at Jai Research Foundation at Mumbai
on 4.6.95.

- ,Presented the Television Programme on Weed Control in kharif, crops at Doordarshan
Bhopal on 21,6,95,

Attended the meeting of 'Mid year Review Work' regarding the Perspective Plan of NRC-WS
at New Delhi from 10.7.95 to 15.7.95.
Attended the Scientific Advisory Committee meeting of Rallis India Ltd. at Bangalore on
5.8.95.

Attended the meeting on Development of resistence in Phalaris minor to isoproturon in
Haryana and Punjab at Conference Hall of Central Insecicides Lab., Faizabad on 21.8.95-
22.8.95.

Attended the fourth meeting of the ICAR Projects Screening Committee of Agronomy at
Meerut on 20.9.95.

Chaired the session of Biological Control of Weeds in the AICRP-WC Workshop on
Biological Control at Bangalore on 2.11.95 to 3.11.95.
Attended the DBT Annual Project Review meeting from 15.11.95 to 16.11.95.
Visited Farmers' Fields for laying the demonstration on the use of lIIoxon and Isoproturon at
JNKVV Research Station, Sagar on 9.11.95.

Attended the Directors Conference and National Conference on Agricultural Research and
Development in the changing scenario at New Delhi from 4.12.95 to 8.12.95.
Attended the Research Advisory Committee of Jai Research Foundation at Vapl on
December, 2-6, 1995.
Attended National Workshop on Planning & Management of Agricultural' Extension Training
at Vigyan Bhawan, New Delhi from 1.3.96 to 3.3.96.

Attended the Brain Storming Special meeting on Dialogue & Constraints in Pulse Production
at Modipuram on 12.3.96.
Attended the Research Advisory Committee meeting of the EID Parry (I) Ltd. at Mumbai on
12.3.96 to 13.3.96.
Attended the Inter- Institutional linkages and Needs for collaborative Working Committee
meeting at PDCSR, Modipuram, Meerut on 16.3.96.

Dr. D. Swain, Scientist (PI. Physiol.)

Participated in Indian Science Congress held at Punjabi University, Patiala, Punjab from
3.1.96 to 8.1.96.
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Sh. O.K. Pandey, Scientist (PI. Physiol.)

Attended National Symposium on Perspectives in Ecofriendly Approaches to Plant
Protection held at IARI, New Delhi from 7.9.96 to 9.9.96.

Dr. V.P. Singh, Scientist (Agronomy)

Attended National Workshop on Planning & Management of Agricultural Extension Training
at Vigyan Bhawan, New Delhi from 1.3.96 to 3.3.96.

Sr. Sushilkumar, Scientist (Entomology)

Attended National Symposium on "Perspectives in Eco-friendly approaches to plant
protection held on 7-8 September, 1995.
Attended International conference on Forestroy Research Methods held at T.F.R.I., Jabalpur
from 22-23 March, 1995

Dr. Anil Dixit, Scientist (Agronomy)

Attended National Seminar on "Badalte Parivesh Mein Krishi Ke Naye Ayaam" at IARI, New
Delhi from 29.12.95 to 1.1.96.

Sh. Basant Mishra, Sr. Photographer

Attended conference cum workshop on Photography organised by India International
Photographic Council, New Delhi and Suncity Photographic society, Jodhpur at Jodhpur
and Jesalmer. .

B. Training

Sr. Sushilkumar, Scientist (Entomology)

Attended Training Workshop for Forestry Editors at Bogor in Indonesia from 10-21 July,
1995.

Sh. M.N.Jadhav, Librarian

Attended a training course on "In Creation and Accessing Bibliographic Database" at
Defence Scientific Information & Documentation Centre, Metchlafe House, New Delhi from
11.3.96 to 22.3.96.

Sh. Sandeep Dhagat, Tech. Asstt.,

Attended training programme on Data Communication and Net working at NIC, New Delhi
from 8.1.96 to 12.1.96.
Attended training programme on E-mail at NIC, New Delhi from 22.1.96 to 25.1.96.
Attended training course programme on PC Trouble Shooting at NIC, New Delhi, from
29. , .96 to 2.2.96.
Attended training programme on MS-WINDOWS at NIC, New Delhi from 12.2.96 to 16.2.96.

C. Scientists and Technicals on Study Leave

Sh. DK Pandey, Scientist (PI. Physiol.) have gone to do Ph.D. from Kumaon Univ., Nainital
Sh. J.S. Mishra, Scientist (Agro.) have gone to do Ph.D. from JNKVV, .Jabalpur.
Sh. J.N. Sen , Tech. Asstt. (T-1) have gone to do M.Sc. from JNKVV, Jabalpur ..
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