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Conservation agriculture and weed management in South Asia -perspective and development

R.K. Malik*, Virender Kumar, Ashok Yadav and Anderew Mcdonald
International Maize and Wheat Improvement Center (CIMMYT), NASC Complex, DPS Marg, Pusa, New Delhi 110 012
*Email: rk.malik@cgiar.org

Farmers in India adopt conservation tillage (CA) be-
cause, in the short-term, the technology can reduce operat-
ing costs, increase profitability and make better use of re-
sources especially labor, water, and land. In the long run,
farmers adopt these technologies because of benefits associ-
ated with sustainable intensification of cropping systems. In
the present era, the climate change and sustainability of crop-
ping systems have emerged as an area of importance. These
are sound reasons for introduction of CA in South Asia. It
was 20 years ago which marked the beginning CA with in-
troduction of zero-tillage (ZT) in wheat to (1) reduce cultiva-
tion cost so that farmers can afford to purchase new but ex-
pensive alternate herbicides for the control of herbicide-re-
sistant population of Phalaris minor, the most troublesome
weed of wheat and (2) reduce land preparation period for
timely wheat planting (Malik et al. 2002).

Weed problems in RWCS

High input based crop culture in the Northwest IGP
has enabled weeds such as P. minor in wheat and Echinochloa
crus-galli (L.) Beauv. in rice to dominate the weed flora. In the
Eastern IGP, where input use is less and productivity levels
are low, weed flora is dominated by both annual grasses and
broadleaved weeds and some perennial grasses and sedges.
However, the increasing use of more inputs has meant a
shiftin flora in favor of P. minor and E. crus-galli in the eastern
IGP also. The high input based crop management is mainly
responsible for fostering the dominance of a simplified weed
flora. Simple weed flora leads to the adoption of herbicides.
After long periods of continuous use of a single herbicide,
isoproturon, accompanied by poor spray techniques resulted
in evolution of resistance in P. minor against isoproturon in
1990s. Resistance was so severe that it led to large reductions
in wheat productivity in NW-IGP in 1993-94.

Cropping system optimization

In the present study (3 years for rice and 4 years for
wheat), on-farm participatory research in Bihar and Eastern
UP has identified several critical entry points for improving
cereal systems productivity. Major gains in the cropping
system productivity are possible with DSR, MTNPR and early
wheat sowing under ZT. The study area included five dis-
tricts of Eastern UP and 4 districts of Bihar. For example, in
2012 the average paddy yields of 202 DSR, 95 MTNPR and 14
PTR trials in Eastern UP was 5.6, 6.0 and 5.3 t/ha, respec-
tively for DSR, MTNPR and PTR with attendant gains in net
returns and timeliness of harvest for both DSR and MTNPR.
During the last 4 years, grain yield of wheat declined by
approximately 50% with delays in wheat sowing from No-
vember to December due to the influence of terminal heat
stress. Sowing in the first 20 days of November resulted in
grain yield of wheat in the range of 5.4-5-6 t/ha under zero
tillage (ZT) compared to a range of 4.2 -4.7/ha under conven-
tional tillage (CT).

Herbicide use

Based on on-farm and on-station trials, bispyribac-so-
dium 25 g/ha sprayed at 15-25 days after sowing (DAS; 2-4
leaf stage) was extremely effective against Echnochloa species
and some broadleaf weed (BLW) and sedges in DSR and trans-
planted rice. Tank-mix of azimsulfuron 20 g/ha or
pyrazosulfuron 25 g/ha with bispyribac 25 g/ha has also
provided excellent control of complex weed flora including
BLW and sedges including purple nutsedge. Azimsulfuron
alone also provided effective control of most BLW and sedges.
Halosulfuron alone at 60 g/ha was found excellent on sedges
including C. rotundus. Many researchers have reported that
pendimethalin (pre-emergence) followed by post-emergence
application of bispyribac or azimsulfuron or bispyribac +
azimsulfuron 15-20 DAS yielded similar to weed-free condi-
tions In the EIGP, most herbicides available in the market
are used in transplanted rice. This has put DSR farmers under
pressure to use alternate methods like hand weeding which
is becoming costly and scarce. Bispyribac + pyrazosulfuron
or halosulfuron or azimsulfuron ares potential mixture which
can control complex weed flora dominated by sedges in-
cluding C. rotundus in these ecologies.

Herbicide resistance management

The problem of resistance was so serious that farmers
in Haryana started sowing sunflower to exhaust the seed
bank of P. minor. Crop rotation was possible only in small
area and farmers needed a viable technology for herbicide
resistance management. Zero-tillage made it possible to
achieve three major objectives leading to create competition
in favour of crop. These are optimum plant population, seed-
ing at a time which is not conducive to P. minor emergence
and accurate fertilizer placement. Zero-tillage in wheat re-
duces the emergence rate of P. minor compared to CT (Franke
et al. 2007). In a study conducted by Franke et al. (2007) at
farmer’s field in Haryana, correlating the number of
germinable P. minor seeds in soil with the number of P. minor
seedling emerged; it was found that ZT reduced the emer-
gence rate of first flush of P. minor by 50%. Rate of emergence
of second and third flush was also lower in ZT plots com-
pared to CT plots. The first flush of P. minor is more damag-
ing to the crops compared to later flushes and ZT is found
relatively more effective in reducing first flush than other
flushes.
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Living with weeds -a new paradigm?

Nimal Chandrasena*
Principal Ecologist, GHD Water Science Group, GHD Pty Ltd. Level 6, 20, Smith Street, Parramatta, NSW 2150, Australia
*Email: nimal.chandrasena@ghd.com

Some people, particularly in developed countries, have
strong negative attitudes towards weeds, and a tendency to
label potentially useful plant resources as invasive ‘aliens’,
which are to be controlled at any cost. This undesirable atti-
tude ignores the considerable evidence of the use of weed
species by many societies, over a long period of human his-
tory. The recent application of ‘species-focused’ weed risk
assessments have contributed to the maligning of many plant
taxa as ‘invaders’ in the public’s mind,undermining their
worth as biological resources. Some of the methods used in
the blitz against weeds, including the excessive use of herbi-
cides, have resulted in undesirable consequences, such as
herbicide resistance and negative impacts on biodiversity in
farming landscapes. Weed Scientistsmay know that weeds
are only plants with colonising abilities, whichhave the capacity
to rapidly occupy naturally disturbed; or human-modified
environments. However, the lay public does not understand
this. When closely examined, the evidence is clear: not all
weedy taxa are bad all the time, just because they may interfere,
under certain circumstances, with human interests!

Many colonising taxa are worthy resources in diverse
areas of human interest, and this includes aesthetic pleasure,
as they are part of ‘wild nature’. Some weeds provide culi-
nary delightsfor humans, and are important as food sources
for both vertebrate and invertebrate animals. Global research
on pharmacological values of weedy taxa is quite intense.
Recent times have seen an impressive growth in the list of
weeds with medicinal values, used either as traditional
‘herbal’ remedies, or extracted for secondary metabolites.
As many of our primary crops have ‘weedy-relatives’, the
genes present in weeds appear crucial for future evolutilon of
crops, particularly for characteristics, which may confer ‘har-
diness’ (ability to tolerate variable environmental condi-
tions). There is increasing recognition of the positive roles
weeds play in maintaining the biological diversity of farm-
ing landscapes, providing food and shelter for a variety of
animals. As fast-growing, colonizers,weed cover prevents
bare soil from erosion by wind and water, and also assist by
conserving water and nutrients, improving soils of poor
quality. Insects, which pollinate crops, extensively use weeds
as a source of nectar when crops are not in flower. In Europe,
there is increasing recognition of the benefits of agro-eco-
logical approaches to farming, including crop rotations, and
balancing biodiversity and crop production. Farmers are

encouraged to limit weed management measures to allow
populations of beneficial organisms, such as natural preda-
tors of aphids (i.e. ground beetles, spiders) to develop, thereby
reducing the reliance on aphicides. Weeds also attract crop
pests; and there is evidence that pest populations in some
crops are much lower in ‘weedy fields’ than in ‘weed-free’
crops. The core issue for sustainable agriculture is the bal-
ance between adequate weed control, including the preven-
tion of weed-seed build up, and to ‘live with some weeds’ to
support biodiversity and other known benefits.

The colonising strengths of several species are being
used in the remediation of water and terrestrial environ-
ments that have been damaged by human activities. Glo-
bally, there is considerable interest in using the large biom-
ass produced by these species as raw materials for
countlesshouse-hold products, including bricks, paper and
furniture; and as future bio-fuels. In addition, there are many
opportunities for using colonising plants in phyto-
remediation, to scavenge soil pollutants, or in creating more
sustainable farming systems. There are also significant pros-
pects to further exploit chemical warfare between plants (al-
lelopathy) to search for new bioactive chemicals, and for the
use of allelopathic plant residues within low input agricul-
tural systems. Exploiting various uses of weeds as bio-re-
sources meets many of the criteria of the current ‘Green
Movement’, in terms of being environmentally friendly
materials, which can be utilized for human welfare, as op-
posed to being discarded as useless.

Therefore, within the field of Weed Science, a fresh look
at weeds is essential. Perhaps a new and bold paradigm
should be ‘co-existing’ or ‘living with weeds’,recognising
their intrinsic worth as part of biodiversity, and the many
possibleuses as bio-resources. Studies must re-focus on im-
proved understanding of weeds,not just for the sake of con-
trolling them, but for their ecological role, as well as social
and economic benefits. The next generation of Weed Scien-
tists must improve on our understanding of environmental,
ecological or social factors that create unwarranted distur-
bances, in which colonising species dominate our
landscapes.This would lead to more effective weed manage-
ment through mitigation of such factors. It would also re-
duce the current confusion and negative attitudes towards
weeds.
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Research needs for improving weed management in rice

B.S. Chauhan?, Vivek Kumar? and G. Mahajan?
!International Rice Research Institute, Los Bafios, Philippines
2Punjab Agricultural University, Ludhiana, Punjab, India

Weeds are the most important biological constraints to
increasing rice productivity in Asia. They are managed by
using herbicides; however, reliance on herbicides alone is
not sustainable in the long run. There is thus a need to de-
velop sustainable weed management strategies in different
rice-based cropping systems. The development and adop-
tion of improved weed management strategies must form
an integral part of sustainable rice production. Improved
weed management techniques in rice should focus on shift-
ing the crop-weed balance in favour of rice by integrating
possible cultural, physical, and biological weed management
tools with judicious use of herbicides. Together, these ap-
proaches may be used as components of an integrated pack-
age in the future to slow down the evolution of new weed
problems in rice production. The improved weed manage-
ment approaches should aim to reduce the weed seed bank
before crop sowing and reduce weed emergence and weed
growth in rice. Rice (Oryza sativa L.), the staple food of more
than 60% population of the world, plays a crucial role in the
economic and social stability of the world. The resources for
rice production land, water, nutrients, and labour% are be-
coming scarce. Therefore, meeting the rice demand of the
burgeoning population is a great challenge in the future. In
rice production, weeds are one of the major yield-limiting
biological constraints worldwide. The dimension of the prob-
lem can be ascertained with the following examples. In In-
dia, about 33% of rice yield losses are caused by weeds
(Mukherjee 2004), while in Sri Lanka, weeds accounted for
30-40% of yield losses (Abeysekera 2001). In world rice pro-
duction, about 10% of the total yield is reduced by weeds.
Globally, pests have a potential to reduce rice yield by 40%,
of which weeds account for 32%. Annually, 10 million tonnes
of rice produce are lost in China due to weed competition.
This quantity of rice is sufficient to feed at least 56 million
people for a year. Weeds are the universal pests in rice, caus-
ing losses that exceed tolerable levels in all seasons. There-
fore, it is imperative that investment in weed management
practices be made to reduce yield losses caused by weed
competition. Total loss caused by weeds are tied up with
cultural practices pertaining to weed control, land prepara-
tion, weed control expenses, and reduction in yield quantity
and quality. Rice is cultivated in various ecosystems from
irrigated to shallow lowland, mid-deep lands, deep water to
uplands. In most of the Asian countries, including India, rice
is cultivated mainly by manual transplanting of seedlings in
puddled conditions. Weed control in puddled transplanted
rice is done by a combination of pre-emergence herbicides,
hand weeding, and water management.

The increase in production cost, shortage of labour, in-
creased wages, and decreased water availability resulted in
a shift from transplanting to direct seeding in many Asian
countries. In India, dry-seeded rice is extensively practiced
in the northwest Indo-Gangetic Plains because dry-seeded

rice in this region provides the highest opportunity to attain
optimal plant density and high water and labour productiv-
ity. However, weeds are a serious problem in dry-seeded
rice because dry tillage practices and aerobic soil conditions
are favourable for germination and growth of weeds, which
can cause grain yield losses from 50 to 90% (Chauhan and
Johnson 2011). With the adoption and development of dry-
seeded rice, good crop growth can be obtained, but the lack
of sustained flooding can cause great losses from weeds. Since
weeds are a major constraint to dry-seeded rice cultivation,
the success of dry-seeded rice warrants the intensive use of
herbicides. Herbicides have been proven effective in many
cases, but intensive herbicide use can cause environmental
contamination and induce herbicide resistance in weeds.

Rice and rice weeds have similar requirements for
growth and development. They compete for limited re-
sources such as nutrient, moisture, light, space, etc. Most of
the weeds, being C. plants, have higher adaptability and
faster growth than rice, a Cs crop. Weeds dominate the crop
habitat and rice yield potential is reduced. Proper weed con-
trol in rice, especially dry-seeded rice, is achieved by using
both pre- and post-emergence herbicides. But the use of her-
bicides brings about environmental problems because farm-
ers lack knowledge about the proper use of herbicides. Cur-
rently, herbicides with ALS inhibitors are used in dry-seeded
rice, which have high selection pressure and may exacerbate
the problem of herbicide-resistant species. This problem can
be solved only by implementing integrated weed manage-
ment (IWM) in rice, which can go a long way to sustain rice
production.

CONCLUSION

Therefore, it is imperative that investment in weed
management practices be made to reduce yield losses caused
by weed competition. Total loss caused by weeds are tied up
with cultural practices pertaining to weed control, land prepa-
ration, weed control expenses, and reduction in yield quan-
tity and quality. Rice is cultivated in various ecosystems from
irrigated to shallow lowland, mid-deep lands, deep water to
uplands. In most of the Asian countries, including India, rice
is cultivated mainly by manual transplanting of seedlings in
puddled conditions. Weed control in puddled transplanted
rice is done by a combination of pre-emergence herbicides,
hand weeding, and water management.
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Integrated weed management in conservation agriculture systems

A.R. Sharma* and V.P. Singh
Directorate of Weed Science Research, Jabalpur, Madhya Pradesh 482 004
*Email: sharma.ar@rediffmail.com

Key words: Conservation agriculture, Crop residues, No-till farming, Non-selective herbicides, Rice-wheat system,

Weed management

Transformation of ‘traditional animal-based subsistence
farming’ to ‘intensive chemical and tractor - based conven-
tional agriculture’ has led to multiplicity of issues associated
with sustainability of these production practices. Conven-
tional crop production technologies have inculcated: (i) in-
tensive tillage to prepare fine seed- and root-bed for sowing
to ensure proper germination and initial vigour, improve
moisture conservation, control weeds and other pests, mix-
ing of fertilizers and organic manures, (ii) monocropping
systems, (iii) clean cultivation involving removal or burn-
ing of all residues after harvesting leading to continuous
mining of nutrient and moisture from the soil profile; and
bare soil with no cover, (iv) indiscriminate use of pesticides,
and excessive and imbalanced use of chemical fertilizers lead-
ing declining input-use efficiency, factor productivity and
environmental, ground water, streams, rivers and oceans
pollution, and (v) energy intensive farming systems.

Conservation agriculture - a new paradigm

Conservation agriculture practices are designed to
achieve agricultural sustainability by implementation of
sustainable management practices that minimize environ-
mental degradation and conserve resources while maintain-
ing high-yielding profitable systems, and also improve the
biological functions of the agro-ecosystem with limited
mechanical practices and judicious use of external inputs. It
is characterized by three linked principles, viz. (i) continuous
minimum mechanical soil disturbance, (ii) permanent or-
ganicsoil cover, and (iii) diversification of crop species grown
in sequences and/or associations. A host of benefits can be
achieved through employing components of conservation
agriculture or conservation tillage, including reduced soil
erosion and water runoff, increased productivity through
improved soil quality, increased water availability, increased

biotic diversity, and reduced labour demands. Conservation
agriculture systems require a total paradigm shift from con-
ventional agriculture with regard to management of crops,
soil, water, nutrients, weeds, and farm machinery (Table 1).
Weed problemsin CA

Weeds are the major constraints in CA-based systems.
Shifts in weed populations from annuals to perennials have
been observed in CA systems. Perennial weeds are known
to thrive in reduced or no-tillage systems. Most perennial
weeds have the ability to reproduce from several structural
organs other than seeds. For example, Bermuda grass (Cynodon
dactylon), nutsedge (Cyperus rotundus) and Johnson grass (Sor-
ghum halepense) generally reproduce from underground plant
storage structures: stolons, tubers or nuts and rhizomes, re-
spectively. Conservation tillage may encourage these pe-
rennial reproductive structures by not burying them to depths
that are unfavorable to emergence or by failing to uproot
and kill them. Weed species shifts and losses in crop yield as
a result of increased weed density have been cited as major
hurdles to the widespread adoption of CA. Crop yield losses
in CA due to weeds may vary depending on weed dynamics
and weed intensity. However, the recent development of
post-emergence broad-spectrum herbicides provides an op-
portunity to control weeds in CA.

Integrated weed management

Considering the diversity of weed problems, no single
method of weed control, viz. cultural, mechanical or chemi-
cal, could provide the desired level of weed control effi-
ciency under CA. Therefore, a combination of different weed
management strategies should be evaluated for widening
the weed control spectrum and eflicacy for sustainable crop
production. Integrated weed management system is basi-

Table 1. Some distinguishing features of conventional and conservation agriculture systems

Conventional agriculture

Conservation agriculture

e Cultivating land, using science and technology to dominate nature

. Excessive mechanical tillage and soil erosion

. High wind and soil erosion

. Residue burning or removal (bare soil surface)

e Water infiltration is low

. Use of ex-situ FYM/composts

e Green manuring (incorporated)

. Kills established weeds but also stimulates more weed seeds to
germinate

. Free-wheeling of farm machinery, increased soil compaction

. Mono-cropping/culture, less efficient rotations

. Heavy reliance on manual labour, uncertainty of operations

. Poor adaptation to stresses, yield losses more under stress
conditions

. Productivity gains in long-run are in declining order

. Least interference with natural processes

. No-till or drastically reduced tillage (biological tillage)

. Low wind and soil erosion

. Surface retention of residues (permanently covered soil surface)
. Infiltration rate of water is high

. Use of in-situ organics/composts

e Brown manuring/cover crops (surface retention)

*  Weeds are a problem in the early stages of adoption but decrease

with time

e Controlled traffic, compaction in tramline, no compaction in

cropped area

. Diversified and more efficient rotations
. Mechanized operations, ensure timeliness of operations
. More resilience to stresses, yield losses are less under stress

conditions

e Productivity gains in long-run are in incremental order
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cally an integration of effective, dependable and workable
weed management practices that can be used economically
by the producers as a part of sound farm management sys-
tem. This approach takes into account the need to increase
agricultural production, reduce economic losses, risk to hu-
man health and potential damage to flora and fauna, besides
improving the safety and quality of the environment. Inte-
grated weed management system is not meant for replacing
selective, safe and efficient herbicides but is a sound strategy
to encourage judicious use of herbicides along with other
safe, effective, economical and eco-friendly control measures.
The use of clean crop seeds and seeders and (eld sanitation
(weed-free irrigation canals and bunds) should be integrated
for effective weed management. Approaches such as stale
seedbed practice, uniform and dense crop establishment, use
of cover crops and crop residues as mulch, crop rotations,
and practices tor enhanced crop competitiveness with a com-
bination of pre-and post-emergence herbicides could be in-
tegrated to develop sustainable and effective weed manage-
ment strategies under CA systems.

CONCLUSIONS

It is possible to achieve the same or even higher yield
with CA as with conventional tillage. Retention of crop resi-
dues on soil surface is essential for success of CA in the long-
run. Zero-tillage along with residue has beneficial effects on
soil moisture, temperature moderation and weed control.
However, continued adoption of such systems cause shift in
weed flora, and may result in emergence of perennial weeds
like Cyperus rotundus, Cynodon dactylon and Sorgum halepense
in most crops; and others like Malava parviflora and Rumex
dentatus in wheat. Restricting tillage also reduces weed con-
trol options and increases reliance on herbicides. Altering
tillage practices change weed seed depth in the soil, which
play a role in weed species shifts and affect the efficacy of
control practices. The CA is a machine-, herbicide- and man-
agement-driven agriculture for its successful adoption. Inte-
grated weed management involving chemical and non-
chemical methods (residue, cover crops, varieties etc.) is es-
sential for success of CA systems in the long-run.

Herbicide Tolerant GM crops in India-Challenges and Strategies L-5

C. Chinnusamy, C. Nithya' and D. Ravishankar!
Dean, Agricultural College and Research Institute, Madurai, Tamil Nadu 625 104,
!Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu 641 003
*E-mail: chinnusamyc@gmail.com

Crops made resistant to herbicides by biotechnology
are being widely adopted in various parts of the world. From
the genesis of commercialization in 1996 to 2011, herbicide
tolerance has consistently been the dominant trait. Those
containing transgenes that impart resistance to post-emer-
gence, non-selective herbicides such as glyphosate and
glufosinate will have the major impact. These products al-
low the farmer to more effectively use reduced or no-tillage
cultural practices, eliminate use of some of the more envi-
ronmentally suspect herbicides and use fewer herbicides to
manage nearly the entire spectrum of weed species. In some
cases, non-selective herbicides used with herbicide resistant
crops reduce plant pathogen problems because of the chemi-
cals’ toxicity to certain microbes (Duke 1999).

Biotech crops reached 160 million hectares, up 12 mil-
lion hectares on 8% growth, from 2010 and 94 fold increase
in hectarage from 1.7 million hectares in 1996 to 160 million
hectares in 2011, makes biotech crops the fastest adopted
crop technology in the history of modern agriculture. The
inclusion of several transgenes in a single hybrid or variety
commonly referred as stacked genes or stacked traits. For
example, some corn and cotton hybrids have been geneti-
cally engineered to contain two transgenes, one for insect
tolerance and another for herbicide tolerance (e.g., Bt/
glyphosate, or Bt/glufosinate). Furthermore, some corn hy-
brids have three traits, two for herbicide tolerance and one
for insect tolerance (e.g., Liberty, Clearfield, and Bt). Stacked
traits occupied ~25% of the global 160 million hectares.

From the genesis of commercialization in 1996 to 2011,
herbicide tolerance has consistently been the dominant trait.
In 2011, herbicide tolerance deployed in soybean, maize,

canola, cotton, sugar beet and alfalfa, occupied 59% or 93.9
million hectares of the global biotech area of 160 million
hectares. In 2011, the stacked double and triple traits occu-
pied a larger area (42.2 million hectares, or 26% of global
biotech crop area) than insect resistant varieties (23.9 mil-
lion hectares) at 15%. The stacked genes were the fastest grow-
ing trait group between 2010 and 2011 at 31% growth, com-
pared with 5% for herbicide tolerance and 10% for insect
resistance. Over the past few years, several herbicide resis-
tant crops (HRCs), both transgenic and non-transgenic, have
become available in many countries for commercial cultiva-
tion. But in India, the technology of herbicide tolerant crops
is in initial stage of field evaluation. Efforts have been made
to evaluate and consolidate the agronomic management and
advantages of herbicide tolerant transgenic crops.

Herbicide tolerant crops are strongly impacting weed
management choices. In many crops their use will decrease
the cost of effective weed management in the short to me-
dium term. However, they offer the farmer a powerful new
tool that, if used wisely, can be incorporated into an inte-
grated pest management strategy that can be used for many
years to more economically and effectively manage weeds.
In maize and cotton transgenic crops, post emergence weed
management with glyphosate proved to be the better man-
agement option for the control of weeds.
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Traditional manual transplanted rice in puddled soils,
the most common and prominent planting system in irri-
gated situations of India is now very frequently been de-
bated and questioned due to increased use of ground water
leading to consistently decline in water table (0.1 to 1.0 m/
yr) further resulting into water scarcity, increased energy
use and pumping cost, labour availability and high cost,
breakdown of soil aggregates/macrospores with seriously
deteriorated soil health, decline in the yield of succeeding
crop mainly due to soil compaction, and greenhouse
gas(GHG) emission. Therefore, research and extension ef-
forts along with farmers’ interest particularly in NW India
are now switching in favour of accelerated adoption of di-
rect seeded rice (DSR) for benefits associated with it through
reduced labour costs as well as savings in water and energy
use besides assuming considerable decease in GHG emis-
sion and global warming potential. DSR is also being ex-
perimented under other rainfed lowland and upland ecolo-
gies in other southern and NE parts of country with consid-
erable and promising signs of its high potentials. Research
experiences further indicate that productivity and profitabil-
ity of rice-wheat cropping system as a whole can be further
improved and sustained by including the most important
components of conservation agriculture (CA) including no-
till not only for wheat but for both rice as well as wheat or
fitting other suitable crops preferably legumes in
rotationbesides retaining residues on soil surface. It will help
improve soil health, reduce weed pressure and conserve
moisture. Multi-locational experimental results and farm-
ers’ feedback across various regions and ecologies have in-
variably indicated great potentials of DSR provided improved
agronomic and other management practices relevant to that
environment are followed scientifically in a step-wise man-
ner most importantly ensuring enough moisture through
irrigation or rain water at critical stages of crop growth (ac-
tive tillering, panicle initiation and grain filling) once crop
attains uniform stand.Yield potentials and grain quality of
DSR have already been realized comparable to puddled trans-
planted rice (PTR) along with associated benefits (20-30 %
water saving, ¥ 5,000/ha saving in labour cost, ¥ 2,500-3,000
saving in other variable cost, reduced drudgery, energy, fuel,
repair and maintenance, and improved system productivity
through equal or more rice yields in scented/hybrid rice
and 0.2-0.5 t/ha more wheat yields) indicating that puddling
is not an essential bet for getting higher yield.

Among different yield improving strategies, weed
management is still stands at the topwhich tends to be more
challenging in DSR due to well-known reasons discussed
earlier.Weed flora changes very rapidly just after the adop-
tion of DSR. More diversified and intensive weed flora is
the main hurdle which frequently forces farmers and re-
searchers many a times to go on backfoot. Integrated weed
management strategies including every possible means
(competitive varieties, line sowing, cover crops, residue
mulching, proper water management etc.)mainly based on
herbicides and some hand-rouging are essential for achiev-
ing high yields in DSR. Stale seedbed technique not only
proved effective in reducing weed density in DSR, it also
controlled volunteer rice plants, and could be further help-
ful in the most crucial and likely events of weedy rice ap-
pearance in future. Based on trials on research farms and
farmer fields, bispyribac-sodium 25 g/ha sprayed at 15-25
days after sowing (DAS; 2-4 leaf stage) was extremely effec-
tive against barnyard grass and some broadleaf weed spe-
cies in DSR and transplanted rice. Recommendation of
bispyribac-sodium for use in DSR in 2009 has played an
important and most critical role in the adoption of DSR by
local farmers in NW India, and now the recommendation is
being followed in NE India also. Pre-emergence applica-
tion of pendimethalin 1000 g/ha, or pretilachlor + safener
500 g/ha or oxadiargyl 100 g/ha can be used to effectively
control aerobic grass weeds such as Chinese sprangletop,
lovegrass, crowfootgrass, paragrass, goosegrass, blue panic
grass and crabgrass. Post-emergence application of
metsulfuron + chlorimuron 4 g/ha, ethoxysulfuron 18.75
g/ha, 2,4-D Ester or Amine 500 g/ha in combination with
bispyribac 25 g/ha provide effective control of broadleaf
weeds (BLW) and sedges. Tank-mix of azimsulfuron 20 g/
haor pyrazosulfuron 25 g/ha with bispyribac 25 g/ha has
also provided excellent control of BLW and sedges includ-
ing purple nutsedge. Azimsulfuron alone also provided ef-
fective control of sedges. Farmers in north-western India
have now widely adopted the use of pendimethalin 1000
g/ha or oxadiargyl 100 g/ha at 0-3 DAS followed
bybispyribac 25 g/ha at 15-25 DAS for broad-spectrum weed
control in DSR. If needed, one hand-weeding can be given
to prevent seed production by weeds that escape herbicide
treatments.
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Predicting invasive plants using weed risk assessment
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Seeds and planting materials of different plant species
are being imported into India. Many of these plants have the
potential to become agricultural or environmental weeds
and this risk needs to be assessed before allowing their en-
try. Weed risk assessment is a question based scoring sys-
tem, containing 49 questions about the species. The ques-
tions include details of the plant’s climatic preferences, bio-
logical attributes, reproduction and dispersal methods. A
minimum number of questions must be answered before an
assessment is made. The weed risk assessment uses responses
to the questions to generate a numerical score that is posi-
tively correlated with weediness. The assessment method
was tested against 170 plants representing both weeds and
useful plants from agriculture and environment. The method
was judged on its ability to correctly reject weeds and accept
non weeds. A total of 40% plants were classified as serious
weeds, 30% as common weeds and remaining 30% were non
weeds. The system is designed to be operated by plant quar-
antine officers. The weed risk assessment system with ex-
plicit scoring of biological, ecological and geographical at-
tributes is a useful tool for detecting potentially invasive
weeds in other areas of the world.

The implementation of New Policy on Seed Develop-
ment by the Government of India has provided stimulus for
the import of seeds of various crops from all over the world.
This has increased the risk for the introduction of exotic weeds
into India. Weeds have major impacts on economies and
natural environments worldwide including India. Many of
these weeds have been purposely introduced as new crops
or as ornamentals. To counter the threat to agriculture or the
environment from new plants, regulatory authorities have a
statutory responsibility to ensure that all plants proposed to
be imported, which are not already established, be evalu-
ated for their potential to damage the productive capacity or
environment of the country. Quarantine in India officially
came into operation with the passing of the Destructive In-
sects & Pests Act (DIP Act) in 1914. Plant Quarantine (Regula-
tion of Import into India) Order 2003, of the Destructive In-
sects and Pests Act (1914) provides a legislative framework
for the application of measures to prevent the introduction
or spread of insect-pests and diseases affecting plants. Effec-
tive plant quarantine is important for the protection of the

biodiversity of the natural environment and agricultural
productivity. Infestation of agricultural system has the po-
tential not only to incur costs in controlling pests & losses in
production, but also to restrict access to export markets, if
the pest has the potential to contaminate the marketable
product. There are many approaches to predicting weed po-
tential (Mack 1996), but there is an urgent need of an objec-
tive, credible and publicly acceptable risk assessment sys-
tem to predict the weediness of the new plant introductions.

An acceptable weed risk assessment system should sat-
isfy a number of requirements. It should be calibrated and
validated against a large number of plants already present
in the recipient country and representing the full spectrum
of plants likely to be encountered as imports into that coun-
try. It must discriminate between weeds and non-weeds, such
that the majority of weeds are not accepted, non-weeds are
not rejected, and the proportion of plants requiring further
evaluation is kept to a minimum. As international trade
agreements require that prohibited plant should fit in the
definition of a quarantine pest before they can be excluded
by quarantine regulations the system must be passed on ex-
plicit assumption and scientific principles so that country
cannot be accused of applying unjustified non-tariff trade
barriers. Ideally the system should be capable of identifying
which land use system the plant is likely to invade, to assist
in an economic evaluation of its potential impacts. Finally,
the system must be cost effective. This Weed Risk Assess-
ment (WRA) system for India is designed in consultation
with the weed scientists of Australia during the first author’s
advanced training at the University of Queensland, Brisbane,
Australia.

The Weed Risk Assessment System with explicit scor-

ing of biological, ecological and geographical attributes is a

useful tool for detecting potentially invasive weeds in other

parts of the world and should be used in Indian Plant Quar-

antine to assess the plants before issue of the Import Permit.
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Orobanche: weed biology and control measures
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Orobanche or Broomrape (Orobanche spp.) locally known
as Margoja, Rukhri, Khumbhi or Gulli is an achlorophyllous,
phanerogamic, obligate, troublesome root parasite that com-
pletely depends on the host plant to complete its life cycle
(Punia et al. 2012). Globally, root parasitism of Orobanche to
numerous important broadleaf crops including common
vetch (Vicia sativa L.), crucifers such as oilseed rape (Brassica
spp. L.), broad bean (Vicia faba L.) and other crops belonging
to Apiaceae, Asteraceae, and Solanaceae families have been
reported (Sauerborn 1991), especially in Mediterranean re-
gion Southern, Northern and Eastern Europe, Africa, New
Zealand, Australia, North, Central and South America. In
India, Orobanche has emerged as a major threat to rapeseed-
mustard production. Some of the farmers even abandoned
the cultivation of mustard under the threat of this parasitic
weed. This weed infestation is mostly confined to major
mustard growing states of northern Rajasthan, Haryana,
Punjab, Western UP, and north-east Madhya Pradesh. In
Andhra Pardesh, 50% area under tabacco(40,000 ha) is in-
fested with broomrapes and causing 50% crop losses. In
Karnataka state, 90% area under bidi tobacco is infested with
this weed with 50-60% yield losses in some areas. Yield losses
due to Orobanche spp. tobacco growing areas in Tamil Nadu,
Gujarat and Maharastra is also reported to be very high.
Tomato crop is also infested with Orobanche spp. in Mewat
and Bhiwani districts of state.

The attached parasite functions as a strong metabolic
sink, often named “super- sink”, strongly competing with
the host plant for water, mineral nutrition and assimilate
absorption and translocation. The diversion of these sub-
stances to the parasitic weed causes moisture and assimilates
starvation, host plant stress and growth inhibition leading
to extensive reduction in crop yield and distressed crop qual-
ity in infested fields. Depending upon the extent of infesta-
tion, environmental factors, soil fertility, and the crops’ re-
sponse damage from Orobanche can range from zero to com-
plete crop failure (Dhanapal et al. 1996). Researchers have
even tried to evaluate and predict significant correlations
justifying crop damage based on Orobanche seed counts in
soil samples.

The Orobanche genus includes six species that are of
agricultural importance and cause devastating yield and
quality losses to many agricultural crops around the globe.
Orobanche aegyptiaca is the most dominating one in India;
however, localized infestation of two other species namely
O. cernua and O. ramosa has also been observed to some ex-
tent. Root parasitism of Orobanche to different crops includ-
ing oilseed rape (Brassica napus L.), tomato (Lycopersicon
esculentum Mill.) and tobacco (Nicotiana tabacum L.) is being

reported in India and abroad. This parasitic weed has the
tendency to proliferate well in coarse textured soils with
high pH, low in nitrogen status having poor water holding
capacity where the crop cultivation is either rainfed or de-
pendent on sprinkler systems for irrigation.

In spite of continuous and extensive research by the
plant breeders, weed scientists and plant protectionists, most
parasitic weeds are still causing serious problems in large
number of crops worldwide and are aggravating in many
areas. No single effective, economical and practical reme-
dial measures for parasite are available. Integration of cul-
tural, preventive and chemical methods is required even
though it is very costly.

Several methods for managing broomrapes include
hand weeding, deep ploughing, crop rotation, alteration in
seeding windows and fertilizer N scheduling, the applica-
tion of organic manures and biofertilizers, chemical seed
treatment, and kerosene/soybean oil droplets spray; how-
ever, they are inconsistent and have limited effectiveness.
Secondly, feasibility and possible existence of these man-
agement practices under present scenario further limits and
raises a question mark. Each of these methods has its merits
and provides its own or in combination with others a solu-
tion to certain situations, but the general problem remains
somewhat unresolved. For the effective management of
Orobanche, the following practices could be adopted in an
integrated manner to have better respite against the para-
sitic weed and sustaining the mustard productivity.

*  Crop rotation of with non-host crops like wheat,
barley and chickpea depending on the irrigation
facilities and host crop

*  Delayed sowing (25™ October-10" November) of
mustard supplemented with higher seed rate.

*  Use of organic manures in combination with increased
fertilizer N dose for enhancing crop vigour.

*  Two sprays of glyphosate at25 g/ha at 30 DAS and 50
g/ha at 55 days after sowing provided the crop does
not experience any moisture stress at the time of
spray.

*  Hand removal/pulling of left-over emerging shoots
before flowering to reduce weed seed bank in the soil.
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Rice (Oryza sativa) production in north-west India plays
a major role in providing food security and livelihoods of
India. In north-west India, rice is primarily grown by trans-
planting seedlings in puddled fields. This production sys-
tem is labour- and energy-intensive requiring a large amount
of water (150 cm), out of which 20-25 cm is used for puddling
only. Water and labour, however, are becoming increasingly
scarce in the region raising the questions of environmental
sustainability and sustainability of rice production systems
(Chauhan et al. 2012). In the north-west Indo Gangetic Plains,
overexploitation of groundwater for rice cultivation has led
to declined in water table by 0.1 to 1.0 m/yr, leading to
water scarcity and increased pumping water costs. A major
challenge, therefore, is to develop production systems that
allow rice yield to be increased in the face of declining water
and labour availability due to increased competition with
urban areas.

Rice cultivation in the puddled fields of north-west In-
dia deteriorates the physical properties of soil, adversely
affects yield of the subsequent wheat crop, and contributes
to methane emissions. To address the issues of rising water
and labour scarcity, emission of green house gases and to
enhance the sustainability of rice-wheat cropping system,
cultivation of dry-seeded rice in north-west India is gaining
the momentum. The development of short duration, weed-
competitive and early-maturing cultivars and balanced and
efficient nutrient management techniques along with in-
creased availability of integrated weed management tools
have encouraged many farmers to switch from transplanted
to this production system.

There are many potential benefits of dry-seeded rice
not only for improving labour and water productivity with
many off-farm benefits, but also to enhance food security for
millions of people in India due to increased rice productiv-
ity. However, weeds and nutrient management, including
tolerance to new biotic and abiotic stresses, need to be over-
come on priority. The shift in weed flora, reduced sink size,
appearance of volunteer rice seedlings, poor crop emergence,
particularly when the field is not levelled, and occurrence of
rain immediately after sowing are the main obstacles to the
promotion of DSR. There is an urgent need to develop crite-
ria for identifying traits that are likely to be most helpful for
weed management in direct seeding include seed germina-
tion in anaerobic conditions and tolerance of early submer-
gence for uniform crop establishment, high and early seed-
ling vigour with rapid leaf area development during the
early vegetative stage for weed suppression, cultivars hav-
ing an allelopathic effect, and herbicide-resistant rice culti-
vars. Research efforts are needed to fill the physiological
gaps for improved nutrient uptake under moisture stress so
that sink size in DSR could be increased.

The major concern of low to moderate nutrient-use ef-
ficiency in rice that ranged between 25-40% for nitrogen (N)
and phosphorus (P) needs to be addressed. Water mining or
maximization of water uptake from deeper layers of the soils
is one of the most important mechanisms in DSR. The roots
play a pivotal role in water and nutrient uptake, and act as
sensors of water and nutrient status of the soil. During the
interval between two rainfall events and irrigation, efficiency
with which plant extracts soil moisture from deep layers is
critical for maintenance of water and nutrient requirements
of crops. Agronomic efforts are needed to improve yield
stability under theses stresses in DSR. Sufficient root length
and surface area in deep soil layer is currently the most ac-
cepted target trait for improving water-use efficiency in DSR.
There is need to focus on root zone investigation to find
agronomic cues to promote root zone development and re-
sistance to lodging under low moisture. Sincere efforts are
needed to reduce the evapo-transpiration losses with the help
of soil amendments for high water-use efficiency.

There is a need to understand the photosynthetic char-
acteristics of rice genotypes adapted to DSR with different N
use efficiency (NUE) and explain the difference of N absorp-
tion and utilization between N-efficient and N-inefficient
rice cultivars. Some recent studies suggested that, at high N
levels, some rice cultivars could absorb more NO: than NH.*.
This is important in dry- direct seeded rice because rice roots
can aerate rhizosphere by releasing oxygen (O2), and this
activity promotes the process of nitrification, that is, the con-
version of ammonium to nitrate. So there is a need to evalu-
ate the difference in NUE among different rice cultivars, by
determining nitrate uptake efficiency and the activities of
key enzymes supporting the N-assimilation pattern. There
is a need to determine the physiological basis of variability
in N-efficient and N-inefficient cultivars. Compared to other
graminaceous plants, rice secretes a very low amount of
deoxy-mugineic acids as a phytosiderophore even under Fe
deficiency, which is the main cause for the high sensitivity of
rice to Fe deficiency. Sometimes severe chlorosis in rice due
to Fe-deficiency has led to complete failure of the rice crop.
This problem is aggravated in DSR, because Fe from the soil
is not available in reduced form. So, strong agronomic and
breeding efforts are needed to overcome this issue.

There is a need for research at both strategic and applied
levels involving a holistic approach to arrest these issues. This
will provide sound scientific basis to conduct research for de-
veloping effective and sustainable agronomic practices for
DSR in north-west India, and establish appropriate informa-
tion systems to support better decision making.

REFERENCES
Chauhan BS, Mahajan, G, Sardana, V,Timsina, J and Jat, ML. 2012.
Productivity and sustainability of rice-wheat cropping system

in the Indo-Gangetic Plains of Indian sub-continent: Problems,
opportunities, and strategies. Adv. Agron. 117: 315-69.



Biennial Conference of Indian Society of Weed Science on “Emerging Challenges in Weed Management”
Februry 15-17, 2014. Directorate of Weed Science Research, Jabalpur, Madhya Pradesh, INDIA

L-10

Weedy rice and possible management approaches for its control in India

Bhagirath Singh Chauhan*! and Gulshan Mahajan?
¥International Rice Research Institute, Los Bafios, Philippines
2Punjab Agricultural University, Ludhiana, Punjab, India

Weedy rice is becoming a major threat to the produc-
tion of direct-seeded rice systems in India. It reduces grow-
ers’ income through yield reduction and lowering rice value.
There is a poor understanding of its ecology and biology in
different rice production systems in India. Because of similar
physiological and morphological traits of weedy rice with
cultivated rice, selective herbicides cannot be used to man-
age weedy rice in conventional rice cultivars. Therefore, there
is a need to integrate different preventive, cultural, and chemi-
cal approaches to achieve effective and sustainable control
of weedy rice. Some of these approaches are the use of weedy
rice-free rice seeds for planting, use of stale seedbed practice,
rotation of different rice establishment methods, line sow-
ing of rice, use of cultivars with coloured leaves and stems,
and cultivars able to emerge under anaerobic conditions,
and adoption of crop rotation. The most important is to in-
crease awareness about weedy rice among growers.

Rice (Oryza sativa L.) is the most important staple food
in India, where it is grown on approximately 45 million ha
with a production of 104 million tons. Rice is traditionally
grown in India and most of the other Asian countries by
manual transplanting of seedlings into puddled soil.

Weedy rice is unwanted plants of Oryza sativa that com-
pete with rice and other crops. The evolution may be through
natural hybridization, through de-domestication of cultivated
rice to weedy rice, and/or through adaptation of wild rice.
In India, weedy rice is prevalent in Uttar Pradesh, Bihar,
Odisha, and West Bengal. The major traits of weedy rice are
early shattering of the grain and variable seed dormancy
(Azmi and Karim 2008). Because weedy rice and cultivated
rice have similar physiological and morphological traits,
selective herbicides are not available to control weedy rice
in conventional rice cultivars. This presents a challenge for
growers to manage weedy rice in India. Therefore, there is a
need to integrate different preventive, cultural, mechanical,
and chemical approaches to manage weedy rice. Recent re-
views compiled detailed information on different weed
management strategies to manage weedy rice in Asia and in
particular, India. This article aims to provide brief informa-
tion on possible management approaches to manage weedy
rice in India.

10

CONCLUSION

Weedy rice is likely to become a major problem in
direct-seeded rice systems because of simultaneous emer-
gence of weedy rice with cultivated rice, absence of standing
water at the time of crop and weedy rice emergence, and
absence of selective herbicides to control weedy rice in con-
ventional rice cultivars. However, integration of different
preventive, cultural, and chemical approaches may provide
effective control of weedy rice.

Future research issues

In our view, there are several research issues, which
need to be addressed on weedy rice in India.

@ The mostimportant need is to survey the extent of weedy rice
infestation in different regions. There is also not clear under-
standing of identifying weedy rice.

@ Thereisaneed to characterize morphological and physiologi-
cal traits of weedy rice occurring in different parts of India.
Better understanding of biology and ecology of weedy rice
biotypes may help to identify weak points in its life cycle.

@ There is a need to increase awareness about weedy rice and
evaluate the extent of contamination of weedy rice in rice
seeds on growers’ fields.

@ There is need to understand the mechanisms responsible for
the genesis of weedy rice, and its possible transfer to other
economically important crops and weeds.

@ Climate change is the reality in India and the problem of weedy
rice infestation is expected to increase with the changing cli-
mate in the near future. Clear understanding is needed why
gene flows form weedy plants to domesticated rice increases
with higher levels of carbon dioxide.

@ Thereisaneed to develop and evaluate guidelines for the risk
management of herbicide-resistant rice.

@  The most important strategy to manage weedy rice is the
integration of different management strategies. However, such
information is not available in Indian conditions.
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Weedy rice belongs to the same genus and species as
cultivated rice but with different forma. It appears as hybrid
swarms due to introgression of genes between wild and cul-
tivated species in nature. In Asian rice, it is known as Oryza
sativa var. spontanea whereas in African contextitis said as O.
sativa var. stapfii. It grows faster; produces more tillers, panicles
and biomass; makes better use of available N; shatters ear-
lier; has better resistance to adverse conditions; and pos-
sesses longer dormancy in soil. Because of its high competi-
tive ability, it becomes a serious threat to rice growers world-
wide. Great morphological variability, similar growth be-
havior and high biological affinity with cultivated varieties
make its control difficult. No single management technique
can effectively control weedy rice. An appropriate combina-
tion of preventive, cultural, mechanical and chemical con-
trol measures is essential.

Weedy rice, an introgressed form of wild and of culti-
vated rice (Oryzasativa L.), is native of Asia (Londo et al. 2006)
but was first documented in North Carolina, USA in 1846
(Smith, 1981). A century after, it was considered a noxious
weed in Arkansas, USA. Weedy rice infests rice fields in most
of the rice growing areas in the tropics, and is particularly a
problem in the direct-seeded rice systems of the Americas,
the Caribbean and South and Southeast Asia (Mortimer et al.
2000).

The spread of weedy rice became significant over the
last 30 years due to large scale cultivation of semi-dwarf
indica-type rice varieties. The spread has further aggravated
due to use of commercial seeds that contain seeds of the
weedy rice and through the machines used in rice cultiva-
tion specially the tillage implements and mechanical har-
vesters. The increase in weedy rice infestation in South east
Asia is closely associated with the increase in area under
direct seeded rice (Delouche et al. 2007) and is a growing
problem as this establishment method spreads in entire tropi-
cal Asia. Infestation of weedy rice is also reported to be higher
in the no-till fields compared to the cultivated fields. The
physical and physiological similarities of weedy rice to cul-
tivated rice, adoption of direct seeded rice systems and the
absence of standing water at the time of crop emergence in
direct-sown rice fields, makes weedy rice infestation one of
the most serious problems that farmers encounter during
recent times. Due to that reason, in some countries where
direct seeding is already a common practice, farmers are
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reverting to mechanized transplanting to manage weedy rice.
Selective herbicides to control weedy rice in conventional
rice cultivation are not available and therefore, managing
weedy rice is a challenging problem for farmers in Asia For
farmers, it becomes a difficult-to-control, aggressive weed
that increases the costs of production, reduces yield, lowers
the market value of their crop and, where not controlled
properly, can render the infested land unfit for rice produc-
tion. Due to difficulties in controlling, it has been posing
cancerous threat to the rice farmers of many South-east Asian
countries.

Further research is, therefore, urgently needed to de-
termine the impact of different tillage systems, appropriate
time and duration of flooding, the use of rice cultivars ca-
pable of emerging in anaerobic conditions, and herbicide
practices on weedy rice growth and control. Integrated crop
management practices with varietal aspects, such as crop
plant density (seeding rate), narrow row spacing, weed com-
petitive cultivars with good initial vigour and purple base
rice varieties for easy identification of weedy rice in crop
fields need to be evaluated for effective weedy rice manage-
ment (Chauhan and Johnson 2010).
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Weed management beyond herbicide: role of ecological weed management
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Weeds are endemic in both cropped and non-cropped
area and causes considerable yield losses in crops, reduces
land and water uses, aesthetic value, affect biodiversity and
poses serious health problems in animal and human. . Im-
portance of weeds is reflected in amount of manual laboure,
tillage and herbicides used for their management. The in-
troduction of synthetic selective herbicide 2,4-D during 1940’s
in agriculture was welcomed and widely accepted by farm-
ers to control weeds in developed countries and developing
countries as well. The ever increasing problem of herbi-
cide- resistant weeds, herbicide persistence in soil and injury
to succeeding crops and concern about herbicides effect on
environment and human health care issues are driving farm-
ers to reduce herbicide use and adopt strategies that are more
robust and provide long-term management of weeds. Eco-
logical weed management systems focuses on altering eco-
logical niches in favour of crops by integrating agronomic
factors such as competitive crop cultivars, crop rotation and
sequences, seeding date, seed rate, row spacing and fertilizer
management and also allelopathy where ever possible. Re-
search and extension strategies that demonstrate both agro-
nomic and economic merits of integrating cultural, mechani-
cal and chemical control of weeds are required to encourage
acceptance and adoption by farmers.

To meet the food and nutritional security of the ever-
increasing population of the world, especially in countries
like India, has become a challenge to policy makers and
researchers; as a result producing more yield from decreas-
ing cultivable lands is becoming the only approach in post
green revolution era. This system is mostly based on the
use of high rates of chemical fertilizers to meet nutritional
requirements of crop and pesticides those control insect
pest, diseases and weeds. Plant breeding for disease, and to
some extent insects (GMC,s), resistant crops cultivars in
combination with integrated pest management strategies
have led to considerable reduction in the use of fungicides
and insecticides worldwide. Conversably, the herbicide use
is still increasing in both developed and developing coun-
tries. During 2012, India registered an impressive growth
of 35% in herbicide use. Increased cost of manual weeding
and lack of alternate non-chemical strategies led to heavy
reliance on herbicides as a cheaper alternative to manual
weeding.
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Resistance to specific synthetic herbicides is increasing
dramatically leading to lowering the land values resulting
farmers to run out of weed-controlling herbicides.. There
are currently 418 unique cases (species x sites of action) of
herbicide resistant weeds globally with 224 species (129 di-
cot and 95 monocots). Weeds have evolved resistance to 21
of 25 known herbicide site of action and to 150different her-
bicides. Herbicide resistant weeds have been reported in 73
crops in 61 countries. The most recent cases are Kochia scoparia,
Lolium multiforum, and Poa anua reported during 2013 from
United State. In India, fortunately, only one confirms herbi-
cide resistant weed biotype, viz. Phalaris minor in wheat has
been reported (Malik and Singh 1995). In this context, the
challenge is to develop integrated weed management (IWM)
systems which reduces herbicide use and maintain sustain-
able crop production without compromising farmer’s income
and health of natural resources.

The basic principles in Ecological Weed Management
are enhancement in crop competitiveness to minimize com-
petitive pressure of weeds on the crop. It emphasizes on
integration of agronomic, genetic, mechanical, biological and
chemical means of weed management that promote crop
growth and development with less weed interference in a
environmentally safe agro-ecosystem.Increasing concerns
over herbicide resistance, environmental and health hazards
of herbicides and declining profitability due to emerging
organic-markets have led to reorienting weed science re-
search and education. The IWM involves intentional use of
multiple tactics to suppress weeds and reduce cop damage to
economically acceptable level. Emphasis should be placed
on modifying habitat characteristics to reduce weed densi-
ties and promote crop growth. Multi-tactic, ecologically
based weed management strategies are desirable to improve
effect of individual tactics, to minimize risk of crop loss due
to failure and to decrease the rate at which weeds adopt or
evolve resistance against herbicides. The research approach
to develop an IWM system must consider all aspects of crop-
ping systems. Each cultural practice influences competitive
ability of both the crop and the weed community. A sustain-
able IWM system must have ability to enhance crop
competiveness in a complex interaction.
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Parthenium hysterophorus L., commonly called as rag-
weed in English, is popularly known as carrot weed, con-
gress grass, bittergrass or ‘gajarghas in India. Earlier it was
known to be a weed of fallow and wastelands only but now
it has became a menace in almost all types of crops and for-
ests land. Its colonization and dominance in natural habitat
and crop lands has resulted in disastrous effects on bio-di-
versity in general and crop productivity in particular. The
success of its dominance over other vegetation is due to its
immense capacity of reproduction and survival in all sea-
sons under a wide range of climatic conditions. To reduce
the infestation and spread of this weed, management strate-
gies have become prime concern not only in India but in
many other countries. Immense seed production capacity,
ability to germinate in varied climate, non-occurrence of
seed dormancy, very tiny and light weight of seeds besides
absence of natural enemies are the factors responsible for its
dominance over other vegetation.

Spread of Parthenium: It has been reported from all
states of India (Yaduraju et al. 2005). In context to density and
infestation level, Parthenium spread and infestation was re-
ported highest in Andhra Pradesh, Bihar, Chhatisgarh,
Haryana, Karnataka, Maharastra, Madhya Pradesh, Punjab,
Tamil Nadu and Uttar Pradesh. It was reported medium in
infestation in Assam, Gujrat, Himachal Pradesh, Jharkahand,
Jammu & Kahsmir, Uttarkhand, Orissa, West, Bangal and
Rajasthan, The spread is in low intensity in Andman & Nicobar,
Arunachal Pradesh, Goa, Kerela, Manipur, Mizoram,
Mehgalaya, Nagaland, Pondicherry and Sikkim. Since its no-
ticeable occurrence in 1955 at Pune (Maharashtra), it has spread
in about 35 million hectares of land (Sushilkumar and
Varsheny 2010) representing almost all the states and all type
of terrestrial situation. Its spread in islands like Port Blair in
Andaman &Nicobar and Minicoy in Lakshadweep is a recent
invasion. Earlier, Parthenium spread was mostly restricted in
fallow and wasteland but now it has also spread its tentacles
in agricultural, horticulture and forestry land. It has widely
spread in many national parks and forest nurseries in India.
Parthenium has also spread from India to neighboring coun-
tries like Pakistan, Sri Lanka, Bangladesh and Nepal. It is
believed that P. hysterophorus infestation is increasing rapidly
in India and may be more widespread than shown here.

Impact of Parthenium: In India, the weed is well docu-
mented as one of the greatest source of dermatitis, asthma,
nasal-dermal and naso-bronchial types of diseases. It has been
estimated that 4 per cent population is directly sensitive to
Parthenium. A major population does not feel any sensitiza-
tion when they come in contact with Parthenium first time or
for some time but in due course they may be sensitive for this
weed. Parthenium is not palatable to livestock but if hungry
cattle feed it, they may suffer from the symptoms like saliva-
tion, onset of diarrhea, anorexia and dermatitis. Till 1990’, its
impact was not known on crops but now it has become a
major cause for the loss of crop production in rainy season
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crops. Now, its impact is visible in various crops of Rabi sea-
son too. Parthenium has also become a major cause of
biodiversity loss in many forests. Corbett national park has
badly affected with this weed and it has become a threat for
the survival of herbivores due to replacement of palatable
grasses. For the management of Parthenium, two hand weed-
ing or two chemical sprays are essentially required to get
complete relief. It was estimated that! 182000 million will be
required per year to mitigate the problem by manual labour.

Management of Parthenium: So far no single method
has been proved satisfactory to suppress Parthenium menace
because each method suffers from one or more demerits such
as impracticability, high cost, environmental safety, tempo-
rary relief. Manual removal of Parthenium is done widely in
India but it is not cost effective due to its continuous germi-
nation in the field. Many herbicides namely, 2,4-D,
metsulphuron-methyl, glypgosate and metribuzin have been
found effective against Parthenium and are being used in In-
dia and other countries. In India, biological control through
insect bioagent Z. bicolorata (Coleoptera, Chrysomelidae) has
been found most successful in waste land, community land,
horticulture and forestry ecosystem. The efforts made by
Directorate of Weed Science Research (DWSR) for its intro-
ductory releases through Krish Vigyan Kendra, Agricultural
Universities and state agricultural departments has estab-
lished this bioagent in many states of India. In a study, based
on the herbicide cost which would have incurred in the area
controlled by the bioagents, the net economic return by third
year was calculated 135% per annum, which increased to 608,
2700, and 12150% per annum for single application of herbi-
cides by 4, 5 and 6 years, respectively . The total benefits by
the biological control in six years had been of ¥ 62.34 mil-
lion; 15585% benefit over initial investment. Sushilkumar
(2006). In waste land and on the road and railway track side,
replacement of Parthenium by competitive plant C. tora and
C. sereicea may be recommended. Chemical methods may be
effective for quick relief. Utilization of Parthenium for com-
post making has been considered more practical approach.
Stakeholder participation has been considered effective for
effective management of Parthenium.

Conclusion: Keeping in view the high reproductive
potential and survival ability of Parthenium in varied cli-
mate, biological based integrated management has been con-
sidered to be the only viable solution.
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With a rapidly growing global human population, the
demand for food, feed, clothing, energy and shelter is ex-
pected to increase in future. Given the multitude of social
and environmental challenges - food security, depleting fresh
water resources, environmental degradation, climate change
etc - improving global agricultural productivity and effi-
ciency is critical. In addition to enhancing the crop produc-
tivity, adopting optimal crop production regimens to real-
ize the potential yields of the crop by reducing the losses to
crop yields is also a significant strategy. From this context
weed management assumes great importance. Weeds affect
crop growth and yield more than any other pest. Weeds di-
rectly compete with crops for space, nutrients and water from
the soil, thus considerably reducing input efficiency and nega-
tively impacting the yield, if not removed in time. Weed
management is needed and is a top priority during the ini-
tial stages of crop growth. As majority of the crops are de-
pendent on rains for initiating the seed sowing process, farm-
ers get busy and accord highest priority to cover as much as
ground possible in limited time (with sowing operations) to
make use of the available soil moisture. The labor cost is
highest among all the costs for agricultural production (on
an average 52% of total cost). With diversification of agri-
culture and urbanization labor force for agriculture will fur-
ther shrink, which is a good sign to improve India’s current
poor record of Human Development Index. It is projected
that by 2030, 40% of the population would be living in urban
areas, which was only 30% in 2008, creating unprecedented
shortage of labor force for use in rural agriculture. For weed
management it is also timely availability of labor is very
crucial. In addition, female labors are generally involved in
manual operations like transplanting, harvesting and inter-
cultural operations. Among them, women consider weed-
ing as the second most drudgery prone activity due to pro-
longed postural stress

In the crop protection system, effective and timely weed
management has assumed most important consideration for
maximizing the yield. This can be substantiated by the fact
that in the global crop protection market, herbicide use in
the largest segment constituting more than 50% of the indus-
try. Globally farmers have graduated from manual weed
control to pre-emergence herbicides and then to post-emer-
gence herbicides. Although the Indian Crop Protection mar-
ket has been traditionally dominated by insecticides with
over 70 % share, herbicides are a segment growing rapidly.
In India too, use of post- emergence herbicides is growing in
the crops where herbicide consumption is high e.g. wheat,
rice, soybean, plantations and even vegetables. Alternate
new technologies using latest biotech approaches like herbi-
cides tolerant crops with broad spectrum non-selective non-
residual herbicides are expected to provide better and more
cost effective solutions. Herbicide tolerant crops will also
allow India to leapfrog into a more advanced state without
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too much requirement at grower level. Post-emergence her-
bicides allow farmers flexibility of use based on the weed
pressure in the field.

As illustrated earlier multiple reports including views
of Ministry of Agriculture suggest that labour availability
for agriculture operations has become a major issue in addi-
tion to the high labour cost. This big gap between demand
and supply of Agricultural labor has also impacted the cru-
cial aspects of weed management. In reality, timely avail-
ability of labor and physical conditions of the field like ex-
cess rains during monsoon months makes it very difficult
for the labor to enter the field for hand weeding operations.
Under such conditions use of an effective post-emergence
herbicide is a good option for the farmer to control the weeds
during the critical stages of the crop. Hence, science based
solutions are needed to tackle this problem. In this regard,
HT crops may offer simplified and efficient control of weeds
particularly in wheat, rice and other crops like Oilseeds,
Cotton, Maize and pulses etc.

HT crops are designed to provide superior weed con-
trol with minimum labor and chemicals, relative to labor
intensive mechanical or chemical or manual weed control
options. Overall, HT technology reduces the cost of produc-
tion through lower expenditures for herbicides, labor, ma-
chinery, and fuel. It is also a proven fact that in order to
promote sustainable agriculture concept, conservation till-
age practices like reduced or zero tillage need to be given lot
of emphasis for their obvious benefits to environment and
soil health. HT crops have proved to be an effective enabler
in adoption of resource conservation practices like conser-
vation tillage. Use of the technology like herbicide tolerant
crops can help in-house labor, if available, to divert to more
productive and remunerative farm enterprises such as seri-
culture, mushroom cultivation, poultry, bee keeping, live-
stock rearing or pursuing other vocational interests there-
fore improving their overall social profile. This is apart from
reducing drudgery on women and children who are prima-
rily engaged in such operations, where available.

Some of the specific benefits from herbicide tolerant
crops are:

* Offer greater economic and effective season long weed con-
trol choice adding to the existing options of manual weed
control and selective pre & post emergence herbicides.

*  Offers flexibility to farmers for over the top application
(wider application window) and better weed control with
outstanding crop safety

* Herbicides recommended and used for the herbicide tol-
erant crops are more environmental friendly as they are
non-residual in nature.

* Herbicide tolerant crops help adoption of conservation
tillage which helps in preventing soil erosion and reduces
turnaround time between harvests to planting of next crop.
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Herbicides use is increasing throughout the globe due
to increasing labour cost, choice of application of herbicides,
quick weed control in crop and non-crop areas. In India, her-
bicide use has increased to 30% during the last 10 years in
managing weeds in the country. Currently 50 herbicides are
registered for use in various crops, out of this, one belongs to
extremely hazardous in India, 4 belongs to highly hazardous,
22 belongs to moderately hazardous and 23 belongs to fourth
category that is unlikely to cause any harmful effects. Accord-
ing to World health organization (WHO)“Any substance or
mixture of substances in food for man or animals resulting
from the use of a pesticide and includes any specified deriva-
tives, such as degradation and conversion products, metabo-
lites, reaction products, and impurities that are considered to
be of toxicological significance” are defined as residues.

Herbicide persistence, degradation and residues in the soil

Herbicides persistence in the soil is expressed as half life
which largely depends on the soil properties, concentration
and nature of chemical and climatic conditions (Sondhia 2009).
In Indian tropical conditions, the half-life of imadazoline,
phynylureas, sulfonylureas, triazines, chloroacetinalides,
dinitroanilines, diethyl ethers, thiocarbamates, and fop group
of herbicides in soil are found to varied 57-71, 13-60, 13-147,
12-58, 5-60, 12-77, 19-29, 19-24, and 8-24 days (Sondhia and
Varsheny 2010). Application of atrazine at recommended dose
left no residue whereas application at double the recom-
mended dose recorded 0.056 pg/g of residue in the soil.
Fentazamide residues were 0.03 to 0.04 mg/kg in soil of rice
field. Fluazifop-p residues in soil of soybean field were found
0.051 to0 0.079 ig/g. Pendimethalin persisted up to 200 days in
soil of wheat field and at higher dose caused phytotoxicity to
the succeeding sorghum crop. Imazethapyr persisted up to
210-240 days in soil of soybeans at 50 to 200 g/ha applica-
tions rates. Whereas imazosulfuron, oxyfluorfen and
isoproturon degraded to non-detectable level within 60-120
days (Sondhia and Varsheny 2010).

Herbicide residues in cereal crops

Herbicides such as butachlor, fentazamide pretilachlor,
oxyfluorfen, 2-4D, ethoxysulfuron, imazosulfuron,
pyrazosulfuron-ethyl, pinoxsulam and metsulfuron-methy!l
residues in rice crop and metsulfuron-methyl,
pyrazosulfuron-ethyl, triasulfuron, isoproturon, clodinafop-
propargyl, fenoxaprop -p-ethyl, tralkoxydim, pinoxaden,
carfentrazone-ethyl and sulfosulfuron in wheat were found
either below maximum residue limit or below detectable
limits (Sondhia and Varsheny 2010).

Herbicide residues in pulses and oilseed crops

Low pendimethalin residues were found in mature
chickpea and pea grain and straw. At harvest, residues of
quizalofop ethyl on black gram seed, and foliage were found
below 0.01 mg/kg. No residues of trifluralin in black gram and
diclosulam in soybean plant were detected. At harvest 0.012
and 0.036 pg/g fluazifop-p-butyl residues were found in the
soil of soybean crop with 0.250 - 0.500 kg/ha application rates.
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Herbicide residues in other crops

In made tea 0.14-0.20 pg/g and 0.35-0.44 pg/g
napropamide was found in X and 2X doses. At Anand,
pendimethalin applied at 0.60-0.25 % resulted in 0.376 to 0.079
pg/g residues in tobacco leaves. Alachlor residues were found
at trace level in cotton plant, cotton lint and oil at 2.5-5.0 kg/
ha application rates. Pendimethalin residues at 0.5 kg/ha
application rate were not detected in the soil of lucerne crop.
2,4-D suspected leaf malformation was found in affected
leaves with residues of 0.06 pg/g. Anilophos and fluchloralin
were detected ND-0.042 mg/kg and 0.012-0.06 mg/kg in
cucumber and onion, respectively.

Herbicide residues in vegetables

At harvest, 0.008, 0.001, and 0.014 ig/g residues of
pendimethalin were found in tomato, cauliflower, and rad-
ishes, respectively. At harvest, pendimethalin, fluchloralin,
and oxadiazon residues were found below the MRL in onion
bulbs. Similarly, at harvest, 0.009 and 0.006 ug/g terminal
residues of fluchloralin applied at 0.75 -1.50 kg/ha rates were
found in stover and grains. Oxyfluorfen residues in cabbages,
radish and pendimethalin residues in edible parts of radish
were found below MRL values. In chickpea and mustard, low
levels of fluchloralin residues were detected in soil at 150
days.

Herbicide residues in water system and fishes

A 0.015 - 0.002 mg/kg of pyrazosulfuron ethyl residues
day were detected between 21 to 35 days in the underground
water. Residues of atrazine (NO-1.056 pg/L) were detected in
the water of Singoor and Osmansagar reservoir, Hyderabad.
Residues of atrazine ranged from 0.0007 -0.0173 mg/L where
as 0.9 to 45 pg/L of simazine were detected in the groundwa-
ter of Delhi. Dissipation of sulfosulfuron in natural water and
soil showed the DTs and DT values 67-147 and 222-488 days.
Butachlor interferes with cellular activities in fishes even at
low dose level (1.0 pg/g) at genetic level inducing chromo-
somal aberrations and posing a serious concern towards the
potential danger of butachlor for aquatic organisms.

CONCLUSION

It can be concluded that in India herbicide contamina-
tion of soil, plants and natural waters occurs infrequently
and at low levels. With few exceptions aquatic herbicides do
not accumulate and persist in fish. Though some reports of
herbicide poisoning are reported though data on the occur-
rence of herbicide-related illnesses among defined popula-
tions in human, the domain of herbicide illustrates a certain
ambiguity in situations in which people are undergoing life-
long exposure.
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Climate change projections suggest 2.4-6.4°C increase
of global average temperature by the end of 21* century.
Studies indicate that significant warming is inevitable re-
gardless of future emission reductions. If these forecasts are
realized, crops and cropping systems are likely to experi-
ence significant changes and it is so for the associated weeds
too. Weeds are major threat to Agriculture and biodiversity
as they out-compete crops and native species and contribute
to land degradation. Climate change poses several challenges
for managing weeds. Globally, there is a growing list of
recent changes in species’ distributions, abundances and
lifecycles that are highly likely to be due to climate change
(Fuhrer 2003).

Climate change means more extreme weather events,
greater stress on native species, climate driven activities such
as introduction of new species/crops. The increased extremes
expected with the climate change, such as long drought peri-
ods and occasional very wet years, may worsen weed inva-
sion because established vegetation (both native and crop)
will be vulnerable, leaving areas for invasion. Weeds with
high reproduction and efficient seed dispersal mechanisms
may be better able to take advantage of the expected calami-
ties like cyclones and floods. The characteristic of weeds to
be able to respond rapidly to disturbances such as climate
change, may give them a competitive advantage over less

Management of perennial weeds under non cropland hill ecosystems

aggressive species. Agricultural adaptations to climate
change, including new products and shifts into new areas,
will also create more opportunities for weeds.

Extreme events create conditions congenial for weeds
to extend their range and invade new areas or out-compete
native species in their existing range. Warmer temperatures
will force some species to relocate, adapt or perish. Species
that are active in summer will develop faster. Warmer cli-
mate restrict temperature sensitive species to high altitudes.
In plains areas, this effect on distribution range is magnified
because species without the ability to move to higher eleva-
tions must relocate further in the same altitude. Weeds with
efficient dispersal mechanisms are better equipped to shift
their range, while species with short life cycles are better
equipped to evolve, and increase their tolerance of warmer
temperatures. Weeds respond to climate change by, Changes in
geographic distribution, Changes in the timing/duration of life
cycles, Changes in the population dynamics, Shift in natural habi-
tats, Changes in the ecosystem structure and composition (de-
cline or extinction of some species and invasion by other
species)
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Lantana camara L.var. aculeata, Parthenium hysterophorus
(L.), Chromolaena adenophorum Spreng.,Imperata cylindrica (L.)
Beauv, Urtica dioca ( L.) and Ageratum houstonianum (Mill.)
are the major obnoxious perennial weeds of non cropland
hill ecosystems. Because of the available favourable agro
climatic conditions, their ability to propagate by seed, stem
and roots, faster dissemination by wind, water, birds, ani-
mals and machinery and ability to adapt adverse conditions,
these weeds are difficult to control and have spread like a
wild fire in almost all the states . But because of availability
of more uncultivated land in hills, these weeds have be-
come more problematic in hilly regions of the country. Sup-
pression of useful vegetation in pasture and grasslands, or-
chards, forests, tea gardens, field bunds and other cropped
and non-cropped lands by their competitive and allelopathic
effects is causing threat to plant biodiversity, shrinkage of
grazing land,economic losses to the forest wealth, reduc-
tion in productivity of grasslands up to 90 per cent, monkey
menace, stray cattle menace thereby compelling the farm-
ers to stop cultivation of crops. Preventive, mechanical,
chemical, biological, utilization and integrated methods to
manage these obnoxious perennial weeds have been dis-
cussed in this paper. These weeds should be cut at frequent
intervals before flowering to exhaust food reserves in their
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vegetative propagules, check production of seeds and their
dissemination. The cut biomass should be utilized to pre-
pare compost, as mulch, biogas production, making furni-
ture, as fuel wood and other industrial uses as per the weed
species. A three phased integrated technology to manage
Lantana camara under different hill ecosystems has been
developed and demonstrated in large areas.In waste lands
and forestland ecosystems biological agents like Zygograma
bicolorata, Cassia tora or Cassia sericea should be introduced to
check population of Parthenium hysterophorus and Ageratum
houstonianum. In pasture and grasslands, herbicides should
only be used in integration with plantation of fast growing
forage species, recommended fertilizer use, and harvesting
or grazing schedules. These integrated technologies to man-
age Parthenium, Lantana and Ageratum have been demon-
strated on large scale in different ecosystems. However, for
effective results, these technologies need to be adopted on
campaign basis with the active participation of public, de-
velopment departments of the Government, Scientists and
policy makers. To tackle this serious problem at national
level, it is imperative for the central Govt. to create a na-
tional body to manage these obnoxious weeds with a prior-
ity to manage them in the hills else they will continue to act
as source of seed for the plains.
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Herbicide resistance: magnitude, mechanisms and management

S.K. Guru and V.P. Singh
G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand
*Email: skgurul23@yahoo.com

Herbicide resistance of weeds is a worldwide problem.
It is defined as the inherited ability of a weed or crop biotype
to survive and reproduce following treatment with a dose of
herbicide to which the original population was susceptible.
Repeated and intensive use of herbicides with similar mecha-
nisms of action in crops/cropping systems over a period of
time leads to development of resistant biotypes within the
community due to selection pressure. Development of mul-
tiple resistances poses a greater threat to the production sys-
tems. There are 421 herbicide resistant weeds at present re-
ported from 63 countries having resistance to 152 different
herbicides with 22 sites of action. Prominent among these
are Lolium rigidium, Avena fatua, Amaranthus retroflexus, Che-
nopodium album, Elusine indica, Echinocloa cruss-galli, Digitaria
sangunalis and P. minor (Heap 2014).

Widespread cases of resistances have been reported for
different action groups such as inhibitors of photosystems,
acetolactate synthase, acetyl-CoA carboxylase,
protoporphyrinogen oxidase and more recently, in the EPSP
synthase inhibitor, glyphosate. Use of herbicides with a
single site of action, their multiple applications during a
growing season or herbicides that have long soil residual
activity influence resistance development. Frequent use of a
herbicide creates the selection pressure that favours the spread
of resistant biotypes. Consequently, the resistant biotypes
may develop cross and multiple resistance (Bachie and Tardiff
2012). Weed characteristics such as high seed production po-
tential with effective seed dispersal mechanisms and seed
longevity in soil seed bank favour resistance.

Mechanisms of target site resistance includes altered
herbicide binding site due to amino acid substitutions and
over-production of the target site whereas non-target site
resistance includes reduced uptake and enhanced metabo-
lism of the herbicides as well as their sequestration. Herbi-
cide degradation by cytochrome P450 enzymes reduces de-
livery of herbicide molecules to the target site. For many
herbicide mechanisms of action, there are multiple mecha-
nisms of resistance possible. Resistance to photosystem in-
hibitors result from mutations of the D1 protein. Enhanced
metabolism either by glutathione-s-transferase or cyto-
chrome P450 has also been proposed. The mechanism for
paraquat resistance has been ascribed to decreased herbicide
translocation. Resistance to ACCase inhibitors has become
widespread particularly in Lolium rigidium, L multiflorum, A
fatua, Setaria viridis, Echinochloa crusgali and E. Colona. Recent
reports of P. minor resistance to this group have been as-
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cribed to mutations in one or more gene encoding the
ACCase enzyme. Resistance to ALS inhibitors are due to
many resistance mutations in the ALS enzyme. In polyploid
species of Echinocloa crussgalli, nucleotide substitution of a G
with a T confers resistance to this group. Resistance to
glyphosate have been reported in 16 weed species in 14 dif-
ferent countries and is becoming a significant problem
worldwide. Both, target site EPSPS gene mutation/amplifi-
cation and non-target site resistance mechanisms, have been
proposed. Physiological mechanisms include dissimilar
mobility of the herbicide in the whole plant resistance to
tubulin assembly-inhibiting herbicides have been reported
in only 10 weed species. In India, isoproturon resistant Phalaris
minor biotypes have developed multiple resistances to ALS
inhibitors, ACCase inhibitors, and premix of herbicides. Both
target site and enhanced metabolism are reported from
Haryana. This poses a major threat to wheat growers in In-
dia and a major challenge to the researchers. Molecular mod-
elling studies have revealed that resistance is due to alter-
ations in secondary structure near the binding site.
Isoproturon derivatives have been proposed to regain sensi-
tivity in the resistant biotypes.

Management of Herbicide resistance

Changes in crop production strategies combined with
a changing climate necessitates reorientation of weed man-
agement practices towards an integrated approach involv-
ing judicious combinations of cultural, mechanical and bio-
logical methods to minimize the dependence on herbicides.
Management practices including tillage, stale seed bed, plant-
ing time and method of herbicide application are some of
the short duration resistance management strategies. Allelo-
pathic crop cultivars will be helpful to further reduce the
herbicide load. Monitoring of herbicide resistances should
continue in areas with higher levels of herbicide consump-
tions. Using physiological, biochemical and molecular tools
to elucidate herbicide induced epigenetic gene expression
will unfold yet unexplained mechanisms of resistance
(Yaduraju 2012).
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Out of 50 species of Ambrosia recorded in the world, 21
species alone are distributed in North America. In Greek,
genus Ambrosia means the “food of gods”. Only two species
namely common ragweed (Ambrosia artemisiifolia L.) and great
ragweed (A. trifida L.) cause most allergy problems in human
beings, as they produce about a billion pollen grains that
cause more hay fever than any other plants put together. In
India, two species recorded are perennial ragweed, Ambrosia
psilostachya DC, in Turuvekre taluk in Tumkur District in
January 2012 and common ragweed, A. artemisiifolia L. in
Krishnarajapuram railway station yard, Bangalore in May
2013 in southern Karnataka.

Ambrosia psilostachya -. is recorded in ten villages namely
Muniyur, M. Bevinahally, Gottikere, Srirampura, Pura,
Madihally, Madihally Palya, Aralikere, Arisinadahally,
Dwaranahally, common lands, social forestry area, invad-
ing nearly 400 acres in Turuvekere taluk, Tumkur district,
causing altering biodiversity, eliminating grasses, increas-
ing cost of cultivation, lowering the growth and yields of
field crops, horticultural crops and plantation crops. This
weed has been declared as domestic quarantine weed by the
National Institute of Plant Health Management, Ministry of
Agriculture, Hyderabad. Transportation of soil, coconut and
Arecanut seedlings from infested fields has aided in spread-
ing the plant to other areas in Turuvekre Taluk.

As both the species of ragweeds are noticed in limited
area, all kind of efforts can be made to contain the weed
immediately and eliminated totally in a period of 4 to 5
years. In this direction, the University of Agricultural Sci-
ences, Bangalore, Directorate of Weed Science Research,

Microbial weed control : opportunities and challenges

Jabalpur, National Institute of Plant Health Management,
Hyderabad and Directorate of Plant Protection, Quarantine
& Storage, Ministry of Agriculture, Karnataka State Depart-
ment of Agriculture are working jointly in creating aware-
ness, educating farmers about control measures and ill ef-
fects, pursuing villagers to adopt measures to totally eradi-
cate the weed from their fields as well as on public lands in
case of A. psilostachya. Restriction on the transportation of
infested soil, plant materials, implements or other items from
the Ambrosia infested area to other adjoining non-infested
areas, to prevent the spread of the weed is being attempted.
As a first step, about 100 acres of farmers’ lands have been
treated with glyphosate 41 SL at 10 ml/liter of water or 71 SG
at 7.5 g/liter of water and 2,4-D sodium salt at 2.0 g/liter of
water to obtain 100% top kill of perennial ragweed. The
University of Agricultural Sciences, Bangalore and Director-
ate of Weed Science Research, Jabalpur is taking appropriate
measures to contain A. artemisiifolia in K.R. Puram railway
yard and to prevent further spread. The farmers of the af-
fected villages have formed “Ambrosia Eradication and Wel-
fare Association” and are distributing herbicides to the farm-
ers to take active role in eradication of the weed. The ex-
penses in this regard is met by NIPHM, Hyderabad and her-
bicides are provided by UAS, Bangalore through the famers’
association.

In the history of weed science in India, elimination of
ragweeds — A. psilostachya and A. artemisiifolia will be the first
attempt in India and particularly in southern Karnataka, with
firm determination through coordinated efforts of all the
concerned organizations.
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Microbial weed control represents an ecofriendly
means to manage obnoxious weed through the naturally
occurring microorganisms and their by-products. They ei-
ther kill or hinder the growth of weeds so that beneficial
plant species can gain a competitive advantage. India is a
mega diversity country characterised by a variety of mi-
crobes supported by extraordinary environmental condi-
tions. Several microbes and their by-products have been
evaluated for their potential in weed management under
three major strategies like classical, bio herbicidal and inte-
grated approach. A vast diversity of microorganism inhabit-
ing in nature is largely untapped and the potential discovery
and characterization of these microbial wealth represents an
opportunity to complement chemical herbicides, or reduce
the potential for erosion or soil degradation due to tillage
for weed control. Discovery of biological controls for inva-
sive plants represents an alternative way to slow the spread
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of these weeds using natural enemies. The development of
biocontrol agents would lessen the need for chemical herbi-
cides and provide greater options for weed management.
Microbes have a place in integrated, ecologically based weed
management and their potential is only just being realized.

The concept of utilizing microbial herbicides has been
explored for more than a quarter century, but there remain
many challenges, viz. efficacy of the microbial activity, sur-
vival of micro organisms, persistence of the suppressive com-
pound, delivery systems, determining host range, and avoid-
ing injury to non-target organisms to overcome before they
can be widely used in agricultural, range and forest lands, or
waterways. Compatibility with chemical herbicides, regu-
lations, commercialization, mass production and economic
feasibility are the other challenges for microbial applica-
tions. Various aspects of utilization of microbial wealth in
weed management and discussed in this article.
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Effect of conservation agriculture based systems and weed management practices on
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Due to growing resource degradation problems world-
wide, conservation agriculture (CA) has emerged as an al-
ternative strategy to sustain agricultural production. The
practice of zero tillage and residue retention have emerged
as the two cardinal principles of CA. Rice wheat rotation is
one of the most important cropping systems of the world.
The productivity of the system is decreasing due to patho-
gens, multi nutrient deficiencies and weed flora besides in-
creasing soil health problems (Singh et al. 2012). Rice is nor-
mally taken as transplanted and wheat after conventional
tillage in rice wheat system. The principles of CA in rice
wheat system may include reduced or no tillage, residue
recycling, and green manuring. The use of green manure
crops having bioherbicidalcharacteristics or weedsmothering
capability would have the additional benefit of adding bio-
mass to soil. Sesbania, which is known to fix a large amount
of atmospheric nitrogen, has been tried as a pre-rice legume
as asource of N (Ladha et al. 2000). Sesbania, being an aquatic
plant, can also be grown together with rice to suppress weeds.
The present investigation was underway to see the effect of
conservation agriculture based cropping systems on rice
weeds and yield.

METHODOLOGY
A field experiment was conducted since Kharif 2012-13

at N.E. Borlaug Crop Research Center of GBPUAT, Pantnagar
to develop an appropriate establishment method in rice-

wheat cropping system along with weed management prac-
tices under irrigated ecosystem. Total eight treatments con-
sisting of five establishment methods in main plot, and three
weed control methods in sub plot were laid out in strip plot
design with three replications (Table 1). During Kharif 2013,
rice variety “Pand Dhan 12” was sown on July 01, 2013 in
DSR and ZTR plots, wherever, transplanting was carried on
July 15, 2013. Bispyribac-Na was sprayed on July 23, 2013 as
early post emergence in direct seeded rice (DSR) and zero
tillage rice(ZTR) and on August 3 in transplanted rice(TPR)
by using 500 litre of water per ha with knap sac sprayer fitted
with flat fan nozzle, hand weeding was done on Aug 5, 2013.

RESULTS

After one crop cycle (rice and wheat), IWM practices
had its impact on weeds and grain yield of rice. Significantly
less weed dry weight and maximum grain yield of rice was
obtained in this treatment. Grain yield was at par in herbi-
cidal control and IWM though. On the other hand TPR (CT)-
wheat (ZT)-sesbania (ZT) practice resulted in maximum grain
yield owing to least weed dry weight in this treatment (Table
1). Conservation agriculture practices had their impact on
weed dry weight and grain yield of rice. Under unweeded
control, direct seeded rice performed well when residues
were retained in both rice and wheat crop together with
sesbania green manuring following wheat. The yield was
even higher than the transplanted rice based cropping sys-

Table 1. Interaction effect of establishment methods and weed management on grain yield of rice in rice wheat system during 2013-14.

Treatment

Cropping systems

Weed Management practices TPR(CT)- TPR(CT)-Wheat DSR(CT)-Wheat DSR(ZT)-Wheat DSR(ZT)+R-W heat Mean
Wheat (CT) (ZT)-Sesbania(ZT) (CT)- Sesbania (ZT)- Sesbania (ZT)+R -Sesbania
(ZMm) ZT) (ZT)
Recommended .herbicide 4800 (23.0) 5466 (13.5) 5533 (54.5) 5133(79.4) 5600 (50.1) 5306 (50.1)
IWM  (Recommended 5466 (1.6) 5866 (0.0) 5866 (10.0) 5466 (9.7) 6200 (204) 5773(8.3)
herbicide+ 1 hand weeding)
Unweeded 3566 (74.2) 4466 (40.4) 650.0 (145.5) 600.0 (239.3) 3033 (1948) 2463 (1388)
Mean 4611 (32.9) 5266 (17.9) 4016 (70.0) 3733 (109.5) 4944 (985)

LSD(P=0.05) for grain yield

For Cropping system: 453, For weed management practices: 187, Interaction a)between two establishment

methods at the same level of weed management practices: 664, b) between two weed management
practices at the same level of establishment methods: 562

LSD(P=0.05) for Weed Dry
weight

For Cropping system: 16.0, For weed management practices: 7.0, Interaction a)between two establishment
methods at the same level of weed management practices: 240, b) between two weed management

practices at the same level of establishment methods: 210

Note: Values in parenthesis are total weed dry weight (g/m?) values in respective treatments

tems when weeds were controlled effectively. TPR (CT)-
Wheat (ZT)-Sesbania (ZT) controlled weeds completely un-
der IWM, however maximum yield was obtained with
DSR(ZT)+R-Wheat (ZT)+R-Sesbania. Both the treatment re-
mained statistically at par under IWM. (ZT).
CONCLUSION

It can thus be concluded that under conservation agri-

culture system direct seeded rice crop can perform better in
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terms of grain yield provided weeds are controlled effec-
tively. Zero tillage system worked better than the conven-
tional tillage only when residues were retained.
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Rice is a crop where weeds are a problem. Dry seeded
rice has the most severe weed competition, compared to wet
seeded or transplanted rice. Grasses, sedges and broad-leaved
weeds usually infest rice. However, grass weeds are more
difficult to manage as they are similar to rice in many ways.
Spraying cyhalofop-butyl to control grass weeds, fb 2,4-D or
Almix to control broad-leaved weeds and sedges during 2-3
week stage of rice is a common recommendation for weed
control in rice. Recently new herbicides like penoxsulam,
azimsulfuron, bispyribac-sodium, fenoxaprop and
metamifop etc. are available as alternatives to these herbi-
cides (Abraham et al. 2012 and 2013). As the efficacy of these
herbicides are likely to differ against different weeds, it is
essential to evaluate these herbicides in a field with complex
weed flora.

METHODOLOGY

A field trial was conducted in Kerala Agricultural Uni-
versity, Thrissur during Kharif 2013. The trial consisted of
five new herbicides (penoxsulam 25 g/ha, fenoxaprop-ethyl
60.38 g/ha, metamifop 125 g/ha, azimsulfuron 35 g/ha and
bispyribac-sodium 25 g/ha compared with the present rec-
ommendation of Cyhalofop-butyl 100g/ha fb chlorimuron-
ethyl + metasulfuron-methyl (Almix) 8 g/ha. Hand weeded
and unweeded control was also included for comparison.
The trial was laid out in RBD with three replications. The
herbicides were applied at 15-18 days after sowing. Observa-
tions on species wise count and dry matter production of
weeds as well as growth and yield of rice were taken. The
crop was sown on 27-05-2013 and harvested on 20-09-2013.

RESULTS

Major weeds in the field were: Echinochloa colona, Sacciolepis
interrupta and Leptochloa chinensis among grass weeds, Cynotis
axillaris and Ludwigia parviflora among broad leaf weeds and
Cyperus iria among the sedges. Results of the study showed
that all the herbicide treatments brought down the weed popu-
lation significantly compared to unweeded control. The her-
bicides differed in their effect on different weeds. Fenoxaprop,
Metamifop and Cyhalofop were very effective against
Echinochloa colona, Sacciolepis interruptaand Leptochloa chinensis.
However, these herbicides were not effective against broad
leaved weeds and sedges. Bispyribac-sodium was effective
against all weeds except Leptochloa chinensis. Penoxsulam and
azimsulfuron were effective against broad leaf weeds and
sedges and gave reasonable control of grass weeds. All herbi-
cides resulted in significant reduction in the count and dry
matter production of weeds, but not a complete control (Fig.
1). Hand weeding recorded the highest grain yield of 3.25 t/
ha. Among the herbicides, cyhalofop-butyl fo Almix gave the
highest yield of 2.82 t/ha. Other herbicide treatments also
resulted in higher grain yield (2.49 to 2.56 t/ha) compared to
the poor yield of 925 kg/ha in unweeded control (Fig. 2).
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Fig. 1. Effect of treatments on weed count (no./m2) and dry
weight (g/m?)
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Fig. 2. Effect of treatments on grain and straw yield (kg/ha)

CONCLUSION

The study revealed that the herbicides cyhalofop,
metamafop and fenoxaprop-p-ethyl were very effective
against grass weeds, but not against sedges and broad-leaved
weeds. The herbicides bispyribac-sodium was effective
against all weeds except Leptochloa chinensis. Azimsulfuron
and penoxsulam gave reasonable control of all types of
weeds. None of the herbicides resulted in a complete control
of the weeds.
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Sunflower (Helianthus annuus L) is an important oil-
seed crop in India. Due to its slow initial growth, sowing in
wider spacing coupled with high dose of fertilizer applica-
tion and irrigation encourages the heavy weed infestation
lead to reduced yield. Pre-emergence application of herbi-
cides such as pendimethalin, alachlor and metolachlor are
not effective in controlling all the categories of weeds dur-
ing critical period of crop weed competition. Post-emergence
application of quizalofop 75 g/ha proved to be safe to sun-
flower crop (Hang Chen et al. 2000), in contrary, quizalofop
60 g/ha applied at three leaf stage recorded phytotoxicity
rating of 0.7 in 0-10 scale. The present investigation was un-
dertaken to know the response of sunflower to pre-and
post-emergence herbicides and its residual effects on suc-
ceeding greengram.

METHODOLOGY

An experiment was conducted during Rabi, 2010-11 at
S.V. Agricultural College, Tirupati campus of ANGRA Uni-
versity in a randomized block design with ten treatments
and three replications. The test variety of sunflower”NDSH-
1" was sown on December 12, 2010 with a spacing of 45 cm x
20 cm. Herbicide phytotoxicity on crop at 10 days after her-
bicide application (DAHA) on sunflower was estimated with
phytotoxicity scale of 0= no injury to crop and 100 = com-
plete damage of crop. To know the residual effect of herbi-
cides applied in sunflower on succeeding green gram, a test
variety LGG-460 was sown on April 7, 2011 after light plough-
ing without disturbing the original layout. Recommended
management practices were adopted for both the crops as
per the package of practices of University.

RESULTS

The predominant weed flora observed in the experi-
ments field were cyperus rotundus (40%), Trichodesma indicum
(27%), Euphorbia thymifolia (15%), Celosia argentea (6%) Digitaria
bicornis (4%), Bracharia reptans (4%) and other weeds (4%).
The crop phytotoxicity rating of 15 was observed with pre-
emergence application of oxadiargyl 250 g/ha on sunflower
at 10 DAHA and it causes yellowing followed by bleaching
of leaves due to inhibition of protox enzyme. Post-emer-
gence application of herbicides did not show remarkable
phytotoxicity symptoms on sunflower. The growth param-
eters, viz., plant height, dry matter production and seed yield
of sunflower were the highest with pre-emergence applica-
tion of pendimethalin fo propaquizafop (Table 1). The low-
est seedling vigour index was calculated with pre-emergence
application of oxadiargyl 250 g/ha than pendimethalin
treated plots due to initial phytotoxicity on sunflower.
Among the pre-and post-emergence herbicides applied to
sunflower, all the herbicides did not show any residual ef-
fect on greengram in terms of growth parameters like seed-
ling vigour, plant height and dry matter production includ-
ing seed yield significantly, but the highest values of the
above parameters were recorded in greengram with pre-
emergence application of pendimethalin fb propaquizafop
applied to sunflower due to effective control of weeds in
preceding crop of sunflower.

CONCLUSION
It can be concluded that pre-emergence application of

pendimethalin 1000 g/ha fb propaquizafop/quizalofop 60
g/ha applied at 20 DAS is effective is suppressing the weed

Table 1. Weed dry weight, phytotoxicity and growth parameters of sunflower at 40 DAS as influenced by different pre-and
post-emergence herbicides and its residual effect on succeeding greengram at 20 DAS.

Sunflower Greengram
(D/ohsz) aTI:iT;ng)n \Nee_ddry Se_edling Pl_ant Dry S_eed Se_eding Plgnt Dry S_eed

Treatment 9 PF(’D AS) weight  vigour height —matter  vield vigour height  matter  vield

(9/m?) index (cm) production (t/ha) index (cm) production (t/ha)

(t/ha) (kg/ha)

Pendimethalin 1000 2 698 (48.3)  6.27 57 0.302 1.54 21.5 102 99 078
Oxadiargyl 250 2 715(0.6)  5.68 54 0.249 1.29 19.6 93 98 078
Pendimethalin fb fenoxaprop 1000& 60 2&20 615374  6.38 63 0.312 1.66 19.8 97 94 079
Oxadiargyl fb fenoxaprop 250 &60 2&20 656 (42.5 5.94 55 0.278 1.37 19.2 91 101 079
Pendimethalin fb propaquizalofop 1000860 2&20 619 (37.8  6.69 71 0.391 2.10 2.3 98 104 082
Oxadiargyl fb propaquizalofop 250 &50 2&20 646 (41.2 5.98 57 0.296 1.45 2.0 110 91 079
Pendimethalin fo quizalofop 1000 &50  2&20 619 (379 6.36 65 0.332 1.80 20.1 100 98 080
Oxadiargyl fb quizal ofop 250 &50 2&20 646 41.1) 585 56 0.292 1.37 2.6 115 97 078
HW twice - 2&20 2.62 (6.3) 6.65 69 0.348 1.81 19.6 102 99 081
Unweeded check - 20&40 875(76.00  6.57 53 0.220 1.05 2.2 106 90 077
LSD (P=005) - 023 NS 6 0.403 0.16 NS NS NS NS

DAS: Days after sowing, DAHA: Days after herbicide application, PEH: Pre-emergence herbicides, POH: Post-emergence herbicides

growth in sunflower without showing any crop phytoloxicity
to sunflower or succeeding greengram in sandy loam soils
and pre-emergence application of oxadiargyl 250 g/ha
showed phytotoxicity rating of 15 on sunflower with yel-
lowing and bleaching of young leaves.
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The options for integration in a weed management
programme are wide, as several elements such as pattern of
cropping, land management practices, agricultural inputs
and component enterprises offer ancillary benefits of man-
aging weeds and these could well be integrated with the
weed control options such as mechanical, biological and
chemical measures. Sustainability in managing weeds un-
der varied farming conditions such as wetland rice farming
and rainfed or irrigated upland farming with these integra-
tions are discussed in this paper.

METHODOLOGY
Farming elements offering weed solutions
i) Fish culture and poultry rearing in rice

Annamalai University has evolved an innovative inte-
grated rice farming system to manage weeds. The best suited
component elements fish culture and poultry rearing were
selected from among rabbit, duck, fish and poultry birds for
integration. The optimum mode of integration was also de-
termined, including stocking density of fish fingerlings and
poultry birds, size of fish trenches, size of poultry cages and
nature and quantity of agro inputs. The herbivorous feeding
habits of fish fingerlings contributes to weed suppression
while the acidic pH and allelomediatry principles of poultry
waste interferes with weed seed germination. These posi-
tive contributions from these two component farming ele-
ments are responsible for the suppression of both the inva-
sive alien species in the rice ecosystems in three districts
shown in Table 1.

i) Goats in upland crops

This technology involves rearing goats and using them
for manuring as well as plant protection in crops that are
grown during the succeeding cropping season. Under exist-
ing goat rearing modes, farmers rear goats, exclusively on
herbs and vegetation available on social and ranching sites.
In this intervention, farmers are trained to rear the goats,
allowing them to graze on the weed vegetation (mostly pe-
rennial grasses like Cynodon dactylon (L.) and sedges like
Cyperus rotundus) that predominate the cropped lands dur-
ing the off-season. The reduction in weed biomass in the
farmers’ fields because of grazing by goats in the off-season

was higher in Cuddalore and Nagapattinam districts com-
pared to Villupuram. This is attributed to closer grazing of
goats for want of excessive or adequate flushes of weed veg-
etation in the off-season in these two districts compared to
Villupuram.

ii) Use of pigs for weed control in rice

Experiments during consecutive rice seasons at
Annamalai University revealed that the use of pigs for bur-
rowing the puddle fields before transplanting of rice com-
pared better to other off-season land management techniques,
viz., summer ploughing and glyphosate spray 1.0 kg/ha 45
days before transplanting, in reducing nut sedge popula-
tion. This treatment in combination with incorporation of
tamarind husk 10 t/ha and hand weeding recorded the high-
est weed control indices.

iii) Integrated control of invasive Eichhornia crassipes

Managing the aquatic weed water hyacinth through the
integration of the insect bio-control agent N. eichhorniae Zbruchii
with the use of dried plant material of the medicinal herb
Coleus amboinicus was shown to be effective through participa-
tory research. This herb is allelopathic on water hyacinth
through the mechanism of membrane disruption and electro-
lyte leakage and the dried plant powder easily gets absorbed
into the weed through the leaf scrapings made by the insects
(Kathiresan 2000). The insects are released in 24 watersheds
spread throughout the district 1000 per water shed at the first
instance in October 2009. The aqueous extract of dry leaf pow-
der of C. amboinicus was sprayed in January 2010. Among vari-
ous modes tried for using this weed in order to affix the tag of
utility for speeding up public participation in controlling this
weed, extraction of nanofibers using three methods; chemical
(alkali and peroxide) and mechanical treatments (TEMPO me-
diated oxidation treatment) were successful. The obtained
nanofibers from the weeds using the above three treatments
was estimated to be about 5 - 100 nm in diameter of the fibers
and lengths in several micron meters. From the nanofibers,
the transparent thin film, transparent sheet, paper and then
the transparent biodegradable nano composites were prepared
(patent no. 1877/Del/2010).

Table 1. Weed suppression due to fish and poultry components in rice

Location Weed count/m? Weed biomass g/ m?
Districts _ L. chinensis _ M. quadrifolia _ L. chinensis _ M. quadrifolia
Ricealone R+F+P Rice alone R+F+P Rice alone R+F+P Rice alone R+F+P
Cuddalore 16 11 38 22 56 38 42 26
Villupuram 9 7 26 19 42 31 46 K74
Nagapattinam 21 13 42 27 62 34 32 21
CONCLUSION

The role of changing climate in triggering the invasive
behaviour of certain weed species resulting in a shift in the
floristic composition of weeds is becoming obvious. Such a
scenario warrants the need for multiple options to address a
particular weed problem rather than relying upon unified
approach. Accordingly, exploring the feasibility of engag-
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ing a systems approach of integrated farming, indigenous
knowledge base and weed utility offers good weed solu-
tions that reinforces sustainability.
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Topramezone (33.6% SC) + atrazine (50% WP) tank mix efficacy on maize
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Maize is an important rainy season crop in Andhra
Pradesh. Maize being a widely spaced crop gets infested with
a variety of weeds and subjected to heavy weed infestation,
which often inflicts huge losses ranging from 28-100%. For
effective control of composite weed flora use of broad spec-
trum post emergence herbicides is the best choice.
Topramezone is a HPPD inhibiting herbicide registered for
post-emergence weed control in maize. Topramezone pro-
vided excellent control of broad leaved weeds and annual
grasses evaluated when tank mixed with atrazine (Bollman
et al. 2008).Since information on broad spectrum post-emer-
gence herbicide and its tank mix usage with atrazine for
weed management in maize is meagre, the present investi-
gation was undertaken with the objective to evaluate the
bioefficacy of post-emergence herbicide topramezone with
and without adjuvant for weed management in maize and to
compare the efficacy of tank mix of topramezone and atra-
zine on maize.

METHODOLOGY

Field experiments were conducted at Acharya
N.G.Ranga Agricultural University during kharif and rabi
seasons of 2011- 2012in randomized block design with three
replications with plot area of 20 m?. Target crop was maize
with hybrid DHM- 117 and maize production systems fol-
lowed local common farming practice. Topramezone 33.6%
SC 16.8, 21.0 and 25.2 g/ha was tank mixed with atrazine
50%WP 250 g/ha and tested with and without MSO adjuvant.
Topramezone alone 25.2 g/ha and atrazine 1000 g/ha, hand
weeding and unweeded control were also used for compari-
son. Tank mix topramezone + atrazine were applied as post-
emergence herbicide at 20 DAS of maize using spray solu-

tion at 500 I/ha with knapsack sprayer fitted with fan nozzle.
Weed control (visual assessment of weed count and weed
biomass reduction) was determined at 20 and 40 days after
herbicide application. Maize crop injury was recorded at 1, 3,
5,7, 14 and 28 DAA by visual assessment based on 0-10 injury
scale where ‘0’ was no injury and ‘10’ was complete crop
death. Maize grain was harvested in each plot, weighed and
grain yield was expressed on per hectare basis.

RESULTS

Weed flora observed in the experimental field com-
prised of Cyperus rotundus among sedges, Digitaria sp,
Dactyloctenium aegyptium, Dinebra arabica, Cynodon dactylon and
Eleusine indica among grasses, Parthenium hysterophorus,
Melilotus alba, Trianthema portulacastrum, Euphorbia geniculata,
Commelina spp, Tridax procubensand Amaranthus viridisamong
broad leaved weeds. Topramezone 21.0 and 25.2 g/ha tank
mixed with atrazine 250 g/ha and MSO adjuvant effectively
controlled almost all annual grassy weeds except Cynodon
dactylon which was bleached but recovered after some time.
Cyperus rotundus was also not affected where as it resulted in
excellent control of broad leaved weeds which were other-
wise difficult to be controlled. Tank mix of topramezone +
atrazine with MSO adjuvant resulted in higher weed control
efficiency, lower weed dry matter comparable to that of hand
weeding. Higher maize grain yield was recorded with hand
weeding (5.88 t/ha) fb topramezone at 21.0 or 25.2 g/ha tank
mixed with atrazine 500 g/ha (5.71 t/ha and 5.58 t/ha) and
all are on par with each other. Tank mix application of
topramezone + atrazine with MSO adjuvant at doses tested
did not injure maize at 1-28 days after application.

Table 1. Bio-efficacy of tank mix of topramezone(36.6%SC) + atrazine (50%WP) on maize

Weed control efficiency (%) \yeed dry  Grain
Treatment Dozz;lge Grasses Sedges BLWSs matter yield  Phytotoxicity
9 9 (g/m2)  (/ha)
Topramezone 336g/L SC + atrazine 50% WP 16.8 + 250 43.3 16.7 53.0 26.2 482 0
Topramezone 336g/L SC + atrazine 50% WP 21 +250 63.3 25,0 74.2 21.7 538 0
Topramezone336g/L SC +atrazine 50% WP  25.2 + 250 63.3 4.7 81.8 19.3 556 0
Topramezone336g/L SC + atrazine 50% WP 16.8 + 250 60.0 16.7 62.1 22.6 511 0
+MSOadjuvant 2mli/It '
Topramezone336g/L SC + atrazine 50% WP 21 + 250 73.3 25,0 92.4 13.3 558 0
+ M SO Adjuvant 2ml/ It
Topramezone 336g/L SC + atrazine 50% 252 + 250 80.0 1.7 92.4 12.3 571 0
WP + MSO adjuvant2 mi/It '
Topramezone 336g/L SC 25.2 50.0 25.0 66.7 40.2 542 0
Atrazine 50% WP 1000 3.3 16.7 68.2 45.7 465 0
Hand weeding 6.6 75.0 95.4 17.3 588 0
Untreated Control - - - 111 232 0
LSD (P=0.05) 3.69 032
CONCLUSIONS REFERENCES

Topramezone 33.6% SC 21.0 g/ha tank mixed with atra-
zine 250 g/ha with MSO adjuvant can be recommended for
post emergence application for broad spectrum weed con-
trol in maize without any crop injury.

Bollman JD, Boerboom CM, Becker, RL and Fritz VA. 2008. Effi-
cacy and tolerance to HPPD- inhibiting herbicides in sweet
corn. Weed Technology 22: 666-674.
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World population is growing at an alarming pace
with more than 90% of them in developing countries. To
feed the growing population, an increase in food production
at the similar pace also will be needed. In recent past, despite
of continuous efforts of crop breeders, stagnancy has been
seen in crop production resulting in ever-widening gap in
demand and supply of food items threatening food and nu-
tritional security. Together, food and nutritional security
requires three main points to be taken care of - first, a contin-
gent plan for farming in case of adverse climatic conditions
leading to failure of main crops; second, utilization of farm-
ing land which are poor in resources i.e. water scarcity; and
third, growing of the wild/weedy species with possible bio-
fortification of micronutrients which will help in providing
better nutritional quality at reasonable price to the poor
people. To achieve such goal, there is an urgent need to see
the variation within known domestication traits in species
which are suitable for harsh climate, locally adapted and
nutritionally acceptable among consumers. Weeds like
Echinochloa crussgali and Physalis fulfill the above criteria and
can go a long way hence chosen for the study. Apart from
these, many weed species are identified which can be uti-
lized as source of genetic material for crop improvement
especially under the regime of climate change.

METHODOLOGY
Nursery of about 110 accessions of Echinochloa crusgalli

collected from different locations was prepared in Petri plates
having vermiculite medium. After 8 DAS, seedlings were

transplanted in field having proper moisture in 6 meter rows.
After transplanting, irrigation was applied immediately.
Optimum cultural practices were adopted and observations
were recorded at suitable growth stages. Variations in mor-
phology, phenotypes, phenology, domestication traits and
yield attributes are being observed. In addition, phyloge-
netic relationship among accessions of the genus Echinochloa
is also being studied. Preliminary experiments also initiated
to study the available variation in different domestication
traits for Physalis species. Weed species have been tested for
abiotic stress tolerance for the purpose.

RESULTS

Vast variations are available among different acces-
sions of Echinochloa in terms of height, number of tillers/
plant, leaf area/plant, root length, number of panicle/plant
and length of panicles. Detailed studies on physiological
parameters, yield, and yield attributes, shattering behaviour,
dormancy, molecular diversity analysis were conducted.

Different accessions of Physalis species were collected.
Initial studies showed huge variation in fruit shape, colour,
size and fruiting habit. These are further analyzed for their
nutritional values. Experiment was conducted to see the water
tolerance for Physalis spp. Results suggested that Physalis
minima can tolerate a very high degree of water deficit can
survive almost from desiccation. Several weed species are
identified which can be used as a genetic material for crop
improvement to ensure food and nutritional security under
futuristic climate change scenario.

Table 1. Variations in different characteristics among different accessions of Echinochloa species.

38 DAS 52 DAS
Plant No.of Leaf area Root length No. of panicles/ Length of

height (cm) tillers/plant  (cm?/plant (cm) plant panicle (cm)
Minimum 54.6 220 57.69 9.60 260 1196
Maximum 125.0 2273 1735.74 34.33 25.80 2244
Mean 99.6 558 430.02 20.53 377 1519
SEm % 2.2 061 26.78 1.33 045 070
SEd + 3.2 086 37.87 1.89 064 099
LSD (P=0.05) 4.4 12 53.02 2.64 089 138

CONCLUSION

Keeping in view the nutritional status and ability to
survive in harsh climate, weeds like Echinochloa crusgalli and
Physalis species (two common weed species in India) are po-
tential species which may prove a boon in achieving food
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security with dietary diversity and alleviating problem of
malnutrition. Weeds are reservoir of naturally available
gene pool (however, unexplored) and can be used as a source
of genetic material for traits like competitiveness, stress tol-
erance and bio-fortification for crop plants.
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Allelopathic effect of Parthenium on maize
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Parthenium hysterophorus L. has achieved the status of
the countries “worst weed” owing to its allelopathic effects
on agricultural crop production and harmful effects on people
and animals (Sushilkumar 2012). It was observed that plants
exhibit allelopathy by releasing water soluble phytoxins
from leaves, stem, fruits and seeds and such metabolites play
an inhibitory role in delay or complete inhibition of seed
germination, stunted growth and injury to root systems of
plants (Rice 1984). The objectives of this investigation were
to determine the effect of Parthenium on growth and produc-
tivity of Zea mays.

METHODOLOGY
Influence of Parthenium residue on growth of maize

Twenty healthy seeds of Zea mays were sown in each
plastic bag containing dried Parthenium biomass at the con-
centration of 50, 100, 150, 200 and 300 g/10 kg of soil at 0.5 cm
below the soil surface. Plastic bag without any Parthenium
biomass was taken as control. Each treatment was replicated
three times and kept in randomized complete design. Per-
centage of germination and germination index “S” were cal-
culated. The seedling length of Zea mays were calculated on
15 and 30 DAS.

Influence of Parthenium on productivity of maize

Seed of Parthenium and Zea mays were sown in 1x2 m?
plots in randomized complete block design. After one month

of sowing, population of Zea mays and Parthenium was main-
tained in different ratios of 1:5, 1:10, 1:15 and 1:20, respec-
tively. Plot of Zea mays alone was maintained as control. Plant
height, plant weight and productivity on corn were observed
after 4 months of sowing in treated and control plots.

RESULTS

The dried biomass of P. hysterophorus in soil markedly
reduced the germination percentage of Zea mays with in-
crease of amount as compared to control. This showed that
weed biomass in the soil contains some inhibiting chemicals
resulting in the reduced germination of maize. In 300 g/10
kg soil both fresh and dry weights of maize were signifi-
cantly decreased compared to control after 15 and 30 DAS.
The population of Parthenium also affects the productivity of
corn length and weight with increase in population. In 20:1
ratio plots the plant height and weight of corn of Zea mays
was reduced to 12.7% and 47.2%, respectively. Corn produc-
tivity of maize also reduced greatly (44.7%) as compared to
control in previously infested region with Parthenium. This
may presumably be due to the release of inhibitory com-
pounds that remain active and stable for considerable dura-
tion in soil which causes marked reduction or stop growth of
plant (Shaukat and Siddiqui 2001). The present trial also
showed the same effect. There was a detectable impact on the
growth of Zea mays by Parthenium.

Table 1. Effect of Parthenium on the growth and productivity of Zea mays L. (values are mean of all

replicates)

Influence of Parthenium growth

Influence of Parthenium residue

Treatment Plant Whole Weight Treatment Germination Shoot length Dry weight
P:z height plant of corn (%) (cm) (9)
(cm) weight (g) (9) 15days 30days 15days 30 days

Control 279 537.2 146.4 Control 98 7.3 18.9 2.56 531

5:1 267 495 132.7 50 g/10kg soil 80 5.9 17.3 2.23 4.92
10:1 265.2 480 105 100g/10kg soil 68.3 4.9 16.2 1.97 431
15:1 250 465.3 92 1509/10kg soil 55.3 4.3 145 1.82 3.54
20:1 243.6 410.6 77.3 200g/10kg soil 50 3.4 11 1.70 3.43
PI* 246.5 417.1 81 300g/10kg soil 46.7 2.6 8.9 1.62 3.10

CONCLUSION

It may be concluded that Parthenium as an extract, dry
biomass or weed considerably depressed growth and pro-
ductivity of maize.
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Residues of metsulfuron-methyl and chlorimuron-ethyl in laterite soil under wet sown rice
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Metsulfuron-methyl and chlorimuron-ethyl are selec-
tive herbicides coming under sulfonyl urea group and their
mixture formulation Almix 20 WP (metsulfuron-methyl 10%
+ chlorimuron-ethyl 10%) is recommended 4 g/ha along with
0.2% surfactant, in wet sown and transplanted rice at 15-20
days after sowing or transplanting for controlling sedges
and broad leaved weeds (KAU 2011). The breakdown of these
herbicides in soil is largely dependent on soil conditions
such as temperature, moisture, organic matter and pH. In
order to see the persistence of these two chemicals in the
laterite soil under wet sown paddy, experiments were car-
ried out during the first crop of 2008, 2009 and 2010 at Agri-
cultural Research Station, Mannuthy, Kerala Agricultural
University.

METHODOLOGY

The present paper is a part of the Net work trials on
“Studies on herbicide residues in food chain, soil and ground
water” conducted under All India Coordinated Research
Programme on Weed Control. There were six treatments,
viz. two levels of Almix®, viz. 4 and 8 g/ha, two levels of
cyhalofop-butyl (Clincher®) 100 and 200 g/ha and the two
levels of combination of these two herbicides, with three
replications. The herbicide formulations, Clincher® and
Almix® were applied at 18 and 21 days, respectively after
sowing rice var. Onam in plots of size 5 x 4 m. The soil had a
mean pH of 5.0, organic carbon content 0.79%, available P
48.8 kg/ha and available K 413.0 kg/ha. The soil belonged to
Ultisol order with sandy loam texture. Persistence of
metsulfuron-methyl and chlorimuron-ethyl in the soil was
estimated at 0 and 15 days after spraying and at the time of
harvest by taking soil samples from the plots at 0-15 cm

depth. For the estimation of metsulfuron methyl and
chlorimuron methyl residues from soil, soil samples (25 g)
were extracted with 50 ml acetone. Column clean-up was
done with 3 g florisil and 5 g anhydrous sodium sulfate,
eluted with acetone (100 ml) and directly injected into gas
chromatograph Shimadzu GC 2010. Conditions for gas chro-
matography were : Detector : ECD, Column BPX 5, Tem-
perature : Column : 210°C ; Injector :230°C : Detector : 250°C

RESULTS

The results (Fig. 1) showed that the persistence of
metsulfuron-methyl was higher than that of chlorimuron-
ethyl at both the doses. At recommended levels, 36.45% of
the initial residues of metsulfuron-methyl had dissipated
from the soil by 15 days after spraying. In the case of
chlorimuron-ethyl, the corresponding value was 52.7%. At
double the recommended dose, metsulfuron-methyl and
chlorimuron-ethyl dissipated to 45.1% and 51.1% of their
initial residues. At the time of harvest, residues of both the
herbicides were below the detectable level of 0.01 micro-
gram per gram of soil.

CONCLUSION

Metsulfuron-methyl and chlorimuron-ethyl are per-
sisted in laterite soil for more than 15 days after spraying.
Howvever, their residues are dissipated to below detectable
level by the time of harvest, indicating that they are safe for
application in wet sown rice.
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Fig. 1. Persistence of metsulfuron methyl and chlorimuron ethyl in soil at the recom-
mended and double the recommended rates of application
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Rice (Oryza sativa L.), major food crop of India is pre-
dominantly grown by transplanting nursery raised seedlings
in puddled soils in Kharif season with high and stable pro-
ductivity. However, the ever escalating labour costs for nurs-
ery rising and transplanting has paved way for wet seeding
of rice (WSR). Simultaneous germination of crop and weeds
in WSR leads to intense and prolonged crop-weed competi-
tion. Through use of herbicides (pyrazosulfuron-ethyl (pre-
emergence) + bispyribac-sodium (post-emergence) weed
management is done effectively in WSR. Brown manuring
(BM) of Seshania aculeata (Wills.) has been explored as a tool
for weed management and nitrogen (N) economy (Gopal et
al. 2010) in WSR. However, meagre information is available
on weed management potential of BM in WSR in relation to
N nutrition, hence; the present field investigation was made.

METHODOLOGY

A field experiment was carried out during Kharif 2012
at Directorate of Rice Research, Rajendra Nagar, Hyderabad,
Andhra Pradesh in clay loam soil with 7.8 pH that was me-
dium in available N, P and K. Treatments formed by combi-
nation of two BM (with and without Sesbania BM) in main
plot and four niztrogen (N) levels (0, 60, 90 and 120 kg/ha) in
sub-plot (20 m') were tested in four times replicated split
plot design. Rice ‘BPT5204’ seeds soaked in water for a day
and incubated for germination for a day were broadcast in a
well prepared puddle soil 40 g/sub-plot. In BM plots, Seshania
seeds soaked in water for day were broadcast following rice
seeding 18 g/sub-plot. On 10" day, plants were thinned/
readjusted to attain a plant density of 80 (rice) and 30
(Seshaina). BM crop was knocked down on 30" day after
seeding (DAS) through 2, 4-D spray 0.60 kg/ha. Weed count
{grasses, sedges and broadleaved weeds (BLW)} was recorded
on 1 m? quadrate prior to herbicide spray, all the weeds were
uprooted, washed in water, oven dried and total dry weight
was recorded. Phosphorus and potassium fertilizers 60 kg
P20s and 50 kg K.O/ha were applied through single super
phosphate and muriate of potash uniformly. Nitrogen as per
treatment was broadcast applied on 5, 35 and 55 DAS. Two
manual weeding was done (34 and 54 DAS) and data on crop
growth, yield was recorded.

RESULTS

The data (Table 1) revealed significant impacts of
Seshania BM on sedge and BLW count (thus total weed count)
and total weed biomass. Though the total weed count reduc-
tion due to BM was small (15.7%), the reductions in weed
biomass (46%) was substantial. Additional BM plants (30/
m2) in rice crop by way of competing for physical space has
reduced weed count and by strongly competing for resources
has drastically reduced the weed biomass. The WSR crop
under BM has recorded 0.16 t/ha higher grain yield than no
BM plot and this increase was estimated to be equivalent to
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7.4 kg N fertilization. Reduced weed biomass and enhanced
yield of WSR due to BM in the current study are supported.
The data also revealed that though N fertilization failed to
alter weed count, the weed biomass was significantly lower
in unfertilized WSR crop. Intense competition among rice
crop and weed plants for N (limiting resource of the current
study) has resulted in significantly less weed biomass pro-
duction in unfertilized control as compared to that of N fer-
tilized plots. The N fertilized plots have statistically similar
weed biomass production. WSR crop grain yield increased
significantly with each successive increase of N dose up to
120 kg/ha. Nitrogen response of WSR was found quadratic
in nature (y =-0.2425 x?+1.8355x+1.8525; R2=0.9725). Interac-
tion effect of N and BM reveal that the contributions of
Sesbania BM (from leaf fall and decomposing stems and roots
& root nodules) to the yield of rice crop were seen at low N
dose only (up to 60 kg/ha). Estimation of BM contributions
to N nutrition of WSR from interpolated yield data of rice
reveal that the BM contribution was highest (19 kg) in no N
applied plot and decreased thereafter as the N dose increased
to the lowest of 2.5 kg at 90 kg N dose.

CONCLUSION

Table 1. Effect of brown manuring and nitrogen fertiliza-
tion on weeds, grain yield and N economy of WSR.

Weed count (/mz2)

Treatment Grasses Sedges BLW Total ML
Brown manure (BM)
BM 35.7 5.30 2.00 43.0 135 4.70 7.4
No BM 38.2 9.20 3.60 51.0 250 4.54
LSD (P=0.05) NS 1.80 1.07 6.5 3.0 0.07
Nitrogen dose (kg/ha)
0 36.8 790 280 475 16.4 3.39 19.0
60 36.7 790 290 475 19.1 472 8.0
90 36.0 7.40 270 46.0 204 5.01 2.6
120 36.3 7.80 290 47.0 21.1 537 -
LSD (P=0.05) NS NS NS NS 273 0.07

WB - Weed biomass (g/m?), GY - Grain yield (t/ha) NE - N economy
(kg/ha)*, * N economy was worked out by interpolation of
rice yield data

It is evident from the study that Seshania brown manur-
ing in wet seeded rice in puddle soil was promising not only

from its contribution to N nutrition (when no N or 60 kg N/

ha) but also for its weed growth suppression.
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Weed management strategies through post-emergence herbicides in pulses
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The effective weed control in pulses is essential to maxi-
mize seed yield and quality and to reduce weed competition
in following crops. It is estimated that weed causes about 20-
40% yield loss in pulses. Adequate weed control can be diffi-
cult to achieve because pulses have a relatively low growth
habit and open canopy early in the growing season. Addi-
tionally, few herbicides are registered for the use in pulses
and that too for pre-emergence or pre-plant application.
Therefore, most of the recommendations in pulses are com-
bination of pre-emergence herbicide and manual weeding.
The earlier research programme on weed management in
pulses was focused primarily on pre-emergence (PE) herbi-
cides. The use of post-emergence (POE) herbicides may be
one of the tools to mitigate the effect of weeds to a great
extent (Kumar 2010 and Kumar and Hazra 2012). The use of
post-emergence herbicides as the sole form of weed man-
agement has increased dramatically over the past decade as
an integrated management of weeds in many field crops.
Currently, there is very little information available on post-
emergence herbicides application in pulses. Therefore, the
present investigation was carried out.

METHODOLOGY

A field experiment was conducted during 2008 to 2012
at Indlan Instltute of Pulses Research, Kanpur, India (26 27’
N, 80° 14" E and 152.4 m above MSL) to identify the post-
emergence herbicides in pulses for effective weed control.
The climate this region is tropical sub-humid, receives an-
nual rainfall of 722 mm and mean annual maximum and mini-
mum temperature is 33.0 and 20.0°C, respectively. Initially
for 2008 to 2010, screening trials were conducted to identify
post-emergence herbicides available in market. For this pur-
pose, post-emergence herbicides recommended under dif-
ferent crops were used to screen in both rainy as well as
winter season pulses. After identification of herbicides, trials
were conducted during different seasons of 2010-13 to iden-
tify the optimum dose and time of application of these POE
herbicides alone or in combination with Pendimethalin (PE).

RESULTS

The major weeds present in pulses during different sea-
sons are presented in table 1. Out of the different post-emer-
gence herbicides used under evaluation trials chlorimuron,
metribuzin, metsulfuron-methyl and metsulfuron-methyl +
chlorimuron have shown toxicity to almost all pulses grown
during rainy as well as in winter season. The phytotoxicity
of pendimethalin 1.25 kg/ha applied as pre-emergence was
observed in mustard under chickpea + mustard intercrop-
ping system. Imazethapyr toxicity was observed in winter
season pulses like chickpea, lentil and fieldpea. Imazethapyr
even at lower dose of 15 g/ha had shown phytotoxicity in
chickpea in which chickpea plants became stunted and bushy
and leaves were small and narrow. In case of winter pulses,
significantly highest chickpea grain yield was recorded in
pendimethalin 1.25 kg/ha (PE) + quizalofop-ethyl 125 g/ha
(POE) (1360 kg/ha) which was at par with pendimethalin
1.25 kg/ha (PE) + manual weeding (1.33 t/ha) and
pendimethalin 1.25 kg/ha (PE) + quizalofop-ethyl 150 g/ha
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(1.29 t/ha). Among herbicides combinations, highest weed
control efficiency (52.9%), gross return (40,800/ha), net re-
turn (14,890/ha) and B: C ratio (1.57) was recorded in
pendimethalin 1.25 kg/ha (PE) + quizalofop-ethyl 125 g/ha
(POE). The results of 2 years study suggest that Pendimethalin
1.25 kg/ha (PE) + quizalofop-ethyl 100-125 g/ha (POE) may
be recommended for effective control of weeds in chickpea.
The same treatment was also found effective in lentil and
field pea. Quizalofop-ethyl 100 g/ha was also found effec-
tive to contain rice ratoons growth which is a major problem
in rice fallow-pulses. Similarly in case of rainy season pulses,
highest yield of mungbean (0.92 t/ha) was recorded in pre-
emergence application of pendimethalin 1.25 kg/ha +
manual weeding which was closely followed by
pendimethalin 1.25 kg/ha (PE) + imazethapyr 100 and 80 g/
ha (POE). However, lowest yield of mungbean was recorded
in pendimethalin 1.25 kg/ha (0.35 t/ha). The highest weed
control efficiency (74.2%), gross income (‘* 34,468/ha), net
return (* 18,618/ha) and B: C ratio (1.89) was recorded in
pendimethalin 1.25 kg/ha (PE) + imazethapyr 100 g/ha (POE).
Pendimethalin 1.25 kg/ha (PE) + imazethapyr 100 g/ha (POE)
was found effective in other rainy season pulses like
pigeonpea and urdbean. However in summer mungbean,
maximum Yyield was recorded in post-emergence applica-
tion of imazethapyr 80 g/ha (1.02 t/ha).
CONCLUSION

From above study it can be inferred that pendimethalin
1.25 kg/ha (PE) + quizalofop-ethyl 100 g/ha (POE) may be
recommended for effective weed control in winter pulses

Table 1. Major weed flora recorded during different sea-
sons in pulse crops.

Season Type of weeds Name of weeds

Kharif ~ Non- grassy  Digera arvensis, Commelina benghalensis,
Celosia argentea, Trianthema monogyna,
Euphorbia hirta
Grassy Digitaria sanguinalis, Cynodon dactylon,
Panicum sp., Echinochloa colonum, Setaria
glauca
Sedges Cyperus rotundus
Rabi Non- grassy ~ Chenopodium album, Anagallis arvensis, Vicia
sativa, Fumaria parviflora, Asphodelus
tenuifolius, Convolvulus arvensis, Melilotus
indica, Medicago denticulate
Grassy Phalaris minor, Avena ludoviciana
Sedges Cyperus rotundus

(chickpea, lentil and field pea) and Pendimethalin 1.25 kg/

ha (PE) + imazethapyr 100 g/ha (POE) in rainy season pulses

(pigeonpea, mungbean and urdbean). Whereas in summer

mungbean, imazethapyr 80 g/ha (POE) and quizalofop-ethyl

100 g/ha (POE) in rice fallow-pulses may be recommended.
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Impact of long term use of manure and fertilizers on weed infestation in jute in Indo-
Gangetic plain
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*Email: mukesh.agro@gmail.com

Weeds are important components of agricultural eco-
systems. Weed communities and their diversity play a sig-
nificant role in determination of the nature of weed manage-
ment strategies to be adopted. Weed diversity and its growth
behaviour and composition often changes due to change in
selection pressures imposed by different agronomic prac-
tices. Fertilizer application is one of the most widespread
agronomic practices that are used to improve soil fertility
and enhance crop productivity. It significantly affects weed
growth and community composition directly through af-
fecting the soil nutrient availability and indirectly through
intensifying resource competition between crops and weeds
(Wan et al. 2012). The objective of the present study was to
examine the long term effect of manure and fertilizer appli-
cation on composition and diversity of weeds in jute under
jute-rice-wheat sequences.

METHODOLOGY

This study was conducted as a part of the in long-term
fertilizer experiment which was established at the Central
Research Institute for Jute and Allied Fibres, Barrackpore
(22°452 N, 88°262 E, 9.0 m msl) in 1971 with jute-rice-wheat
cropping sequences in the new alluvial soil in the hot humid
subtropic of eastern India. The experiment was laid out in
RBD,involving of 10 fertilizer/manure treatments, viz. 50%
NPK, 100% NPK, 150% NPK, 100% NPK+ hand weeding (for
all three crops), 100 % NPK+ Zn 10kg/ha in wheat, 100% NP,
100% N, 100% NPK + FYM (10 t/ha), 100% NPK-S (no Sul-
phur) and control (no fertilizers was applied) with 4 replica-
tion. The recommended (100%) dose of fertilizers in jute was
80 kg N, 16 kg P and 33 kg K/ha. The sources of N, P and K
in all the treatments were urea, SSP and MOP, respectively,
except in 100% NPK-S treatment,where source of P was DAP.
The weed survey was conducted on 1 May 2012 and 28 April
2013 in jute at 25 DAS crop growth stages.The sampling of
weeds was done by using four randomly selected 50 cm x 50
cm quadrats in each plot of size 20x10 cm.The species wise
weeds number in the quadrats was recorded.Biodiversity of
the weeds was measured, includingthe species richness R
(i.e. the amount of speciesincluded in a quadrat); the species
diversity, which was measured by the Shannon-Wiener in-
dex (i.e. H' = =3 Pi = InFf) in which Pi is the proportion of indi-
vidual numbers of the species to the total individual number
of each species in the quadrat. It was calculated from the
formula as Pi = Ni/N, of which N is the total individual num-
ber of each weed species and Ni is the individual number of
the species; the degree of community dominance, as mea-
sured by the Simpson index, o = ¥ £i2 ; the community

evenness, as measured by the evenness index, £ = H' /In 5,

As there was no significant difference in two years data hence,
all the calculations were done using mean data of two years.
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RESULTS

Application of different doses of fertilizers affected the
weed community and composition in jute. A total of 12 weed
species was observed in the experimental plots were Cyperus
rotundas, Brachiaria ramose, Digitaria sanguinalis, Echinochloa
colona, Eleusine indica, Amaranthus viridis, Physalis minima Cleome
viscosa, Digera arvenses, Phyllanthus niruri, Portulaca oleracea
and Trianthema portulacastrum. The density and dominance
of these weed species varied with different doses of fertiliz-
ers. Dominance of Cyperus rotundus was observed in lower
doses of fertilizers application and having Importance Value
Index (1V1) of 157,144 and 118 in control, 50% NPK and 100%
NPK + hand weeding, respectively. In contrast, dominance
of Echinocloa colonum was recorded in 100% NPK+ Zn (1VI1=109)
and150% NPK (IVI=82) i.e. in balanced and higher fertilizer
doses. Physalis minimawas dominantin 100% N (IV1=81), 100%
NPK (IVI=96) and 100% NPK + FYM (IVI=71) compared to
other weed species.The higher weed species richness (R=12)
and Shannon-Wiener index i.e. weed diversity were recorded
in 100% NPK + FYM (1 t/ha) treatment (Fig. 1). While, the
lowest weed species richness and diversity was recorded in
control plot. Weed species evenness was the highest in higher
doses of fertilizers (150% NPK) and the lowest was in 100%
NPK +hand weeding. In hand weeded plot the highest domi-
nance (1\VV1=144) of Cyperus rotundus was recorded among the
10 weed species, resulted in the lowest weed species even-
ness. Simpson index was the highest in the 100% NPK and
the lowest in 100% NPK + hand weeding and control plot.
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Fig. 1. Shannon-Wiener index (H ), Evenness (E ), Simpson
index (D) and species richness (R) of weeds under dif-
ferent fertilizers/manure treatments.

CONCLUSION
Thus it may be concluded that higher infestation of
Cyperus rotundus was recorded under lower doses of fertil-
izer while, higher infestation of Echnichloa colonum under
higher doses of fertilizers. The highest weed species richness
and diversity was observed under 100% NPK + FYM (10 t/
ha) treatment. Hence, weed management practices in FYM
applied field should be given the highest priority.
REFERENCES
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Purple nutsedge interference, economic threshold and management in soybean

T.K. Das* and N.T. Yaduraju
Division of Agronomy, Indian Agricultural Research Institute, New Delhi 110 012
*Email: tkdas64@gmail.com

Soybean [Glycine max (L.) Merrill] is commonly infested
with weeds, including Cyperus rotundus L. (purple nutsedge;
family Cyperaceae). It is a perennial invasive weed with colo-
nization habit (Rogers et al. 2008) and multiplies rapidly
through extensive network of under-ground tubers, show-
ing apical dominance. It is highly persistent, grows consis-
tently up to the maturity of soybean and is hardly controlled
by the usual selective herbicides. The use of pre- and post-
emergence herbicides for almost 10-15 years has led to pre-
ponderance of C. rotundus in soybean (Kumar et al. 2012),
causing considerable yield losses. Under global climate
change, C. rotundus is likely to pose more interference on
soybean or other crops due to its higher water-use efficiency,
greater leaf area, root length and dry weight, and greater
numbers of tubers in response to elevated CO; level (Rogers
et al. 2008). The interference effect of C. rotundus across the
densities on soybean and its economic threshold (ET), caus-
ing economic losses have hardly been investigated in India
and elsewhere, but would be useful for its management.
Therefore, these experiments were undertaken to evaluate
the degree of interference of C. rotundus across densities in
soybean; to determine its economic threshold; and to find
out a suitable management practice with dormancy break-
ers and tank-mix herbicides.

METHODOLOGY

The experiments were undertaken at the Indian Agri-
cultural Research Institute, New Delhi during 2006-2009 in
soybean, ‘Pusa 20.” Soil was alluvium (Typic Ustochrepts;
Order Inceptisol) in origin and sandy-loam with 0.54% or-
ganic C and pH 7.7. The available P (17.5 kg P/ha) and K
(180.1 kg K/ha) were medium, but available N (260.5 kg N/
ha) was low in soil. In the first experiment, eight infestation
levels of C. rotundus/weeds, which included six pure stand
densities of C. rotundus (Cyp 0, 25, 50, 100, 150, 200 plants/
m2), and two natural weed infestations including C. rotundus
(UWC) and excluding C. rotundus (UWC-Cyp) were adopted.
A common application of pendimethalin 0.75 kg/Zha at2 DAS
was made to all C. rotundus densities plots to eliminate other
weed species and to achieve uniform pure stands of C.
rotundus. The required densities of C. rotundus were main-
tained from 20 DAS by periodical counting, and hand pull-
ing of its excess population, and of other weeds, escaping
pendimethalin treatment. A non-linear regression model
(Cousens 1985) was fitted to calculate the ET of C. rotundus in
soybean. The second experiment was undertaken during 2008
and 2009 to evaluate the efficacy of dormancy breakers
supplemented with herbicide tank-mixes versus sequential
applications for weed management in soybean. Both the ex-
periments were laid out in a randomized block design with
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three replications. Data on C. rotundus and weed dry eight,
soybean growth and yield parameters and yield were re-
corded every year.

RESULTS

All natural weeds in UWC treatment and C. rotundus
plants at Cyp 200 accumulated dry weights similar between
them in all four years, but significantly higher than those in
all other C. rotundus densities, except the Cyp 150 in 2007,
and ‘natural weeds excluding C. rotundus’ (UWC-Cyp) in 2007
and 2009. The ‘natural weed infestation including (UWC)
and excluding C. rotundus (UWC-Cyp)’ and the treatment of
200 Cyperus rotundus plants/m? caused greater reductions in
soybean yields and were the most competitive. The ET of C.
rotundus in soybean was 19-22 plants/m?. The yield losses
caused by the ET ranged between 9.1 and 11.5%, which are an
economic loss under this situation. All herbicide treatments
irrespective of tank-mixes and sequential applications were
comparable with weed-free check and resulted in signifi-
cantly higher soybean seed yield than that in unweeded con-
trol. All tank-mixes and sequential applications of
pendimethalin and imazethapyr resulted in a complete con-
trol of all broad-leaved weeds in both the years. The control
of C. rotundus was more in the tank-mixes of pendimethalin
(0.75 kg/ha) and imazethapyr (0.1 kg/ha) PE with GA; (400
ppm), and KNO; (6%) compared to their respective sequen-
tial applications. These two tank-mixes in terms of total weed
control or weed control efficiency were superior to others.

CONCLUSION

All natural weeds infestation including C. rotundlgs, and
the pure stand density of C. rotundus 200 plants/m  were
equally competitive against soybean. The ET determined in
this study using several production factors is more precise
and reliable than the ET determined with only yield losses.
A tank-mix application of pendimethalin (0.75 kg/ha) and
imazethapyr (0.1 kg/ha) as PE with GA (400 ppm), and KNO
(6%) may be recommended for effecfive control of weed$
including C. rotundus in soybean.
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Integrated weed management in transplanted rice under rain fed conditions of Eastern
Himalayan Region
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Weed infestation is one of the major constrains for low
yield of rice in the Eastern Himalayan Region. The weed
flora consists of grasses, sedges and broad leaf weeds causing
yield reduction of rice crop up the 5-100% (Singh et al. 2002).
Farmers mostly follow manual weeding which is costly, time
consuming and also limited by availability of labour and
weather condition during the critical period. So, the present
study was undertaken to develop a productive, profitable
and effective weed control practice for transplanted rice.

METHODOLOGY

The experiment was conducted at Research Farm of
ICAR RC for NEH Region, Nagaland Centre, Medziphema
during Kharif season of 2010 and 2011. The experimental soil
was sandy loam texture, acidic in reaction pH 5.4, high in
organic carbon 0.80%, low in nitrogen 188 kg/ha, moderate
in phosphorous 20 kg/ha and low in potassium 48 kg/ha.
The experiment was conducted in randomized block design
with seven treatment, each replicated thrice (Table 1). The
paddy variety, Ranjit was grown with all agronomic pack-
age and practices and harvested at maturity.

RESULTS

Weed indices: The major weed flora observed in the
experimental field consisted of grasses —Axonopuscompresus,
Cynodon dactylon, Elusine indica; broad leaves weed -
Alternanthera philaxeroides, Commenlina diffusa and sedges-
Cyperus iria and C. rotandus. Weed control treatments signifi-
cantly reduced the dry matter accumulation of weeds over
the control. The lowest dry matter accumulation was re-

corded in the weed management practices, application of
butachlorl.2/ha at 4" DAT and 2,4-D 1.5/ha at 7" DAT fol-
lowed by mechanical weeding at 45 DAT and hand weeding
at 60 DATover control and other weed management prac-
tices. The highest WCI (0.77), WEI (8.05) and WMI (113.74)
were recorded by the same weed management practices. This
might be due to higher efficacy of herbicide as well as
manual/hand weeding in controlling the broad spectrum
weeds in paddy.

Grain and Straw yield: The weed management prac-
tices, application of butachlor 1.2 Zha at 4™ DATand 2,4-D 1.5
/ha at 7" DAT followed by mechanical weeding at 45 DAT
and hand weeding at 60 DATrecorded the highest grain (5.3
t/ha), straw (7.01 t/ha) and harvest index (44.03) over con-
trol and other treatments under study. The same treatment
recorded 87.28% increased in paddy yield over control and
other weed management practices. This might be due to fa-
vorable condition for efficient utilization of available growth
resources in these treatments under the study as reported by
Subramanyam (2007).

Economics: The highest net return was recorded in the
weed management practices, application of butachlor 1.2/
ha at 4" DAT and 2,4-D 1.5 /ha at 7" DAT followed by me-
chanical weeding at 45 DAT and hand weeding at 60 DAT
Rs. 46.1 x 10° at the cost of cultivation Rs. 19.5 x 103, This same
treatment gave highest B: C ratio 3.37, crop profitability Rs
341.83 ha/day, economic production efficiency 39.26 kg/ha/
day and biological production efficiency 91.19 kg/ha/day.

Table 1. Effect of weed management practices on Economics, B: C ratio and crop profitability of transplanted rice mean data

of two years).

B:C Crop Economic Biological
Net return ratio profitability production  Production

Treatment oa0s My () (/hasday)  efficiency  efficiency
(kg/ha/day) (kg/ha/day)
Control 14.93 1.85 110.56 20.96 54.52
MW (30 DAT) + HW (45 DAT) 23.91 222 177.14 25.19 67.19
Butachlor 1.2 kgZha at 4" DAT 28.86 2.58 203.19 27.63 69.33
Butachlor 1.2 kgZha at 4t DAT + MW (45 DAT) 35.59 2.88 263.67 32.07 79.70
Butachlor 1.2 kg/ha at 4 DAT + MW (45 DAT) +HW (60 DAT) 3864 301  286.24 34.30 82.59
Butachlor 1.2 kg/ha at 4t DAT+ 2,4-D 1.5 kg/ha at 7th DAT + MW (45 DAT) 41.75 3.13 309.24 36.52 86.44
Butachlor 1.2/ha at 4t" DAT +2,4-D 1.5 /ha at 7th DAT + MW (45 DAT)+ HW(60 DAT) 46.15 3.37 341.83 39.26 91.19
CONCLUSION REFERENCE

Thus results of the present investigation clearly dem-
onstrate that weed management practices application of
butachlorl.2 /ha at 4" DAT and 2,4-D 1.5 /ha at 7" DAT fol-
lowed by mechanical weeding at 45 DAT and hand weeding
at 60 DAT can be practiced to achieve better land utilization,
high yield as well as profitability and than their weed man-
agement practices under rain fed sandy loam soils.
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Farmer’s Digest, July, 2002. pp. 5-12.
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Efficacy of herbicide mixtures in rainy-season grain sorghum
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Yield loss in grain sorghum due to weeds ranges from
15 to 97% depending on crop cultivars, the nature and inten-
sity of weeds, spacing, duration of weed infestation and en-
vironmental conditions (Tamado et al. 2002). Atrazine, the
most commonly used pre-emergence herbicide to control
weeds in grain sorghumhas a low effectiveness on grassy
weeds. The present study was undertaken to evaluate the
efficacy of herbicide mixtures/sequential application of her-
bicides for broad-spectrum weed control in rainy-season
grain sorghum.

METHODOLOGY

Field experiments were conducted under All India Co-
ordinated Sorghum Improvement Project (AICSIP) at six lo-
cations (Coimbatore, Udaipur, Dharwad, Parbhani, Indore
and Surat) during rainy-seasons of 2011 and 2012. Treatments
(Table 1) were replicated thrice in a randomized block de-
sign. Herbicides, as per the treatments were applied in 500 I/
ha spray volume with knapsack sprayer fitted with flat-fan
nozzle. Pre-emergence herbicides were applied next day af-
ter sowing and post-emergence herbicides at 25 days after
sowing (DAS). Weed density and total weed dry matter were
recorded at harvest from 1 m2 area by placing a 50-by 50-cm
quadrate randomly at four places in each plot.

RESULTS

Weed flora varied with the locations but some of the
weeds like Cynodon dactylon, Cyperus rotundus,Commelina
benghalensis, and Parthenium hysterophorus were observed at
most of the locations. Unchecked weeds caused 48-51%
reduction in grain yield of sorghum. Pendimethalin mostly
controlled grassy weeds and atrazine, the broad-leaved
weeds. Application of atrazine 0.25 kg/ha as pre-emergence
+2 hand weeding at 30 and 45 DASsignificantly reduced
theweed pressure and increased the grain yield of sorghumas
compared to weedy check. Among the herbicide mixtures,
tank-mixed application of atrazine 0.25 kg + pendimethalin
0.50kg/ha as pre-emergence followed by post-emergence
application of 2,4-D 0.50 kg/ha at 25 DAS, atrazine 0.25 kg/
ha as pre-emergence fb 2,4-D 0.50 kg/ha as post-emergenceand
atrazine 0.25 kg/ha pre-emergence fb pendimethalin 0.50 kg/
ha at 30 DAS (after first hand weeding as pre-emergence
between rows- Layby application) were equally effective, but
more economical than the atrazine + 2 HW (Table 1).

CONCLUSION
In view of labour scarcity for manual weeding and high

labour costs, tank mixed pre-emergence application of Atra-
zine + pendimethalin (0.25+0.50 kg/ha) followed by post-emer-

Table 1. Effect of weed control methods on weeds, growth, yield and economics in sorghum (mean of 6 locations)

Weed population Weed dry Grain Net returns
Treatment at harvest (no./m?) weight yield (x10%"/ha) B:C ratio
(g/m?2) (t/ha)
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
Atrazine 0.50 kg/ha as PE fb 1 HW at 30 DAS 42 44 79 77 3.49 380 29.06 4417 255 274
Atrazine 0.25 kg/ha PE fb 2 HW at 30 and 45 DAS 21 20 24 29 3.65 4.29 30.75 4991 254 286
Pendimethalin 0.50 kg/ha PE fb 1 37 38 69 68 3.39 3.84 29.36 4420 252 275
HW /Zinterculture at 30 DAS
Atrazine 0.25 + pendimethalin 0.25 kg/Zha as PE 43 47 79 82 292 3.27 2595 37.01 249 258
(Tank mixed)
Atrazine 0.25 + pendimethalin 0.50 kg/ha as PE 40 44 71 75 3.15 321 27.62 36.66 259 257
(Tank mixed)
Atrazine 0.25 + pendimethalin 0.50 kg/ha as PE 34 34 65 64 352 363 3160 4397 283 286
(Tank mixed) fb 2,4-D 0.50 kg/ha as POE
Atrazine 0.25 kg/ha PE fb 2,4-D 0.50 kg/ha as POE 42 43 67 71 3.35 352 30.31 4271 286 2.84
Atrazine 0.25 kg/ha PE fb pendimethalin 0.50 36 27 58 42 3.25 3.64 29.74 4569 2.67 2.89
kg/ha at 30 DAS (after first hand weeding as
PE between rows- Layby application)
Weedy check 96 108 312 231 190 211 1481 19.03 181 1.64
LSD (P=0.05) 21 34 97 73 039 053 6.25 1562 048 0.63
PE - Pre-emergece, POE - Post-emergence, fb - followed by, HW - Hand weeding, DAS - days after sowing
gence application 2,4-D at 0.50 kg/ha at 25 DAS or pre-emer- REFERENCES

gence application of atrazine at 0.25 kg/ha fb pendimethalin
0.50 kg/ha at 30 DAS (after first hand weeding as pre-emer-
gence between rows- Layby application) provided broad-spec-
trum weed control, higher grain yields and net profits.

32

Tamado T, Ohlander, L and Milberg P. 2002. Interference by the
weed Parthenium hysterophorus L. with grain sorghum: influ-
ence of weed density and duration of competition. Interna-
tional Journal of Pest Management 48: 183-186.
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Productivity of sunflower- maize sequence as influence by long term tillage and weed
management practices
M.T. Sanjay* T.V. Ramachandraprasad, R. Devendra, R.C. Gowda and G.R. Hareesh

AICRP on Weed Control, MRS, University of Agricultural Sciences, Hebbal, Bangalore, Karnataka 560 065
*Email: mt.sanjay@gmail.com

Weed management is an important aspect in crop pro-
duction. Tillage practices have been a major weed control
techniques for several decades. Tillage helps in weed man-
agement by uprooting, burying them deep, by changing the
soil environment and inhibiting the weeds germination and
establishment by burying the weed seeds both vertically
and horizontally (Dorado 1999). A change from conventional
tillage to a conservation tillage system can lead to shift in
weed species composition. Weed shifts can also occur both
within a population of a certain species (e.g., surviving mu-
tants), or within a plant community (e.g., certain species). So
a field investigation was undertaken during 2005 - 2013 to
know the influence of long term tillage and weed manage-
ment practices on the productivity of sunflower — maize crop
sequence.

METHODOLOGY

The field experiment was conducted during summer
and Kharif 2005-2012 with eight sunflower (summer) and
maize (Kharif) crop sequence at the Main Research Station,
University of Agricultural Sciences, Hebbal, Bangalore. The
soil type was sandy clay silt loam with pH of 6.1, OC of
0.45%, available P.Os of 71 kg/ha and K O of 174 kg/ha. This
trial was laid out in a split plot desigh with three replica-
tions. In sunflower crop two tillage systems (Mi/Ms — zero
tillage and M2/M: — conventional tillage repeated twice) and

three weed management practices (W - butachlor 50 EC 1.0
kg/ha, W — hand weeding at 20 and 40 DAS, W — unweeded
control) and in maize crop two tillage systems (Mi/M. —
zero tillage and Ms/M: —conventional tillage repeated twice)
and three weed management practices (W:- atrazine 50 WP
1.0 kgZha, W2 — hand weeding at 20 and 40 DAS, W -
unweeded control) were tried with a total treatment combi-
nation of twelve. Zero tillage refers to glyphosate 41 % SL
herbicide application followed by removal of weeds by scrap-
ping the top portion of the weeds and conventional tillage
refers to once disking + twice cultivation.
RESULTS

Major weed flora observed in the experimental plots
was Cyperus rotundus (sedge), Cynodon dactylon, Digitaria
marginata, Chloris barbata, Echinochloa colona (grasses), Commelina
benghalensis, Euphorbia geniculata, Spilanthus acmella (broad-
leaved weeds) in sunflower and Cyperus rotundus (sedge),
Cynodon dactylon, Digitaria marginata, Chloris barbata, Echinochloa
colona, Eleusine indica (grasses), Borreria articularis, Euphorbia
geniculata, Euphorbia hirta, Ageratum conyzoides(broad-leaved
weeds) Averaged over 2005 to 2012, seed yield of sunflower
in plots receiving zero tillage continuously (1.15 t/ha) and
conventional tillage in the previous crop fb zero tillage for
current sunflower (1.25 t/ha) gave slightly lower seed yield
than the plots receiving zero tillage in previous crop fb con-

Table 1. Effect of tillage and weed management practices on the seed yield of sunflower (SF) — maize in the sunflower — maize
system during 2005 to 2012 at Hebbal, UAS, Bangalore

. . . Cost of tillage Savmg n

Year S05-K05- to - S12- Sunflower seed yield Maize kernel yield JWMP weeding
K12 (t/ha) (t/ha) ~/ha ' cost/tillage
x103 ~/ha#

Tillage practices 20055 2009S 2012S Mean 2005K 2009K 2012 K Mean Maize SF  Maize SF
ZT -ZT -ZT -ZT 2.05 0.89 1.08 1.15 4.82 4.18 1.99 3.78 2.55 2.22 0.70 0.85
ZT-CT-ZT-CT 2.21 1.07 1.43 1.33 5.28 4.26 2.33 4.06 2.55 3.07 0.70 --
CT-ZT-CT-ZT 1.89 0.89 1.29 1.25 5.43 4.29 2.78 4.34 3.25 2.22 -- 0.85
CT-CT-CT-CT 2.07 1.02 1.74 1.38 5.49 5.36 2.96 4.58 3.25 3.07 -- --
LSD (P=0.05) NS NS NS NA NS NS 0.65 NA NA NA NA 0.85
W1 - Herbicide 2.23 1.13 141 1.37 5.36 4.60 3.33 4.61 2.89 3.45 3.31 4.05

W2 - HW (20&40 DAS) 2.55 1.29 1.89 1.61 5.78 5.83 3.00 5.16 6.20 7.50 - -

W3 - Unweeded control 1.38 0.48 0.85 0.84 4.62 3.15 1.18 2.79 - - - -
LSD (P=0.05) 0.45 0.47 0.27 NA 0.78 0.90 0.53 NA NA NA NA NA

ventional tillage in the current sunflower (1.33 t/ha) and
continuous conventional tillage (1.38 t/ha) (Table 1).

Over 2005 to 2012 (eight years mean data), plot given
with zero tillage continuously resulted in lower maize ker-
nel yield (3.78 t/ha) perhaps due to poor growth of maize.
Plots grown under zero tillage in previous season and con-
ventional tillage in the current season (4.34 t/ha) gave slightly
lower yield than continuous conventional tillage, averaged

over eight years (4.58 t/ha). Among weed control treatments,
plots treated with atrazine (4.61 t/ha) and two hand weeding
(5.16 t/ha) gave higher yields than unweeded control (2.79
t/ha). In sunflower cropping system alone, conventional till-
age system resulted in additional cost of * 850/ha in sun-
flower as compared to zero tillage system (* 2,225/ha), aver-
aged over eight cropping systems during 2005-12 (Table 1).
While, the use of butachlor saved ‘ 4050/ha in sunflower

33



Biennial Conference of Indian Society of Weed Science on “Emerging Challenges in Weed Management”
Februry 15-17, 2014. Directorate of Weed Science Research, Jabalpur, Madhya Pradesh, INDIA

over hand weeding, which was expensive, were obtained in
zero tillage - butachlor combination in the sunflower crop-
ping system. However, the seed yields obtained in these
treatments were also slightly lower particularly in zero and
conventional tillage fb zero tillage for the current season
(Table 1). In maize adoption of conventional tillage system
caused an additional cost of ¥ 700/ha as compared to zero
tillage system (T 2,550/ha), whereas the use of atrazine treat-
ment resulted in saving of ‘ 3310/ha over hand weeding (¥
6,200/ha). Both the tillage systems in combination with atra-
zine resulted in savings of ¥ 3,310/ha, as against require-
ment of ¥ 6,200/ha for hand weeding alone. This was further
proved by comparable yields of atrazine with hand weeding
(Table 1).

Effect of tillage and weed management options on productivity,

CONCLUSION

Under sandy loam soils, use of conventional tillage
perhaps favoured the initial good establishment, good
growth of sunflower and maize crops resulting in higher
yield and economics compared to zero tillage system. With
respect to weed management, use of pre-emergence herbi-
cide in both the systems gave similar yield as that of hand
weeding but significantly superior over unweeded control.
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energy-use efficiency and economics of soybean
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In North-Western India, fatigue in yield level of differ-
ent crops, shrinking of farm returns due to rise in input costs,
decline in factor productivity, low energy use efficiency and
environmental degration are the challenges for improving
crop and farm productivity. Under these situations resource
conserving technologies involving zero tillage, conserva-
tion tillage, bed planting and integrated weed management
etc. are recognized as potential tool to restore the degraded
ecologies and entrance farm productivity.The studies were
conducted during 2008-09 on productivity, energy relations
and economic in soybean involving different tillage and
crop establishment practices and weed management options.
The grain yield of soybean was significantly influenced due
to tillage and crop establishment practices. The maximum
grain yield of 2.32 t/ha was recorded in conventional tillage
raised-bed treatment, which remained similar with conven-
tional tillage flatbed system and zero tillage permanent bed
system. However, all these treatments gave significantly
higher grain yield than zero tillage flat system. Among weed
management options, the maximum grain yield of 2.18 t/ha
was recorded with treatment constituting of pendimethalin
+ 1 HW. This treatment performed similarly with applica-
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tion of only pendimethalin but was significantly superior to
control, chlorimuron-ethyl alone as post-emergence appli-
cation and pendimethalin as PE and chlorimuron-ethyl as
POE. The energy relations, viz. input energy, output energy,
net energy and energy use efficiency were statistically simi-
lar in most of the cases except energy-use efficiency for soy-
bean due to different conservation tillage and crop estab-
lishment techniques. Weed management treatments signifi-
cantly influenced the energy relations in soybean crop. The
highest energy output (99,188 MJ/ha) was recorded in con-
vention tillage (CT) - raised bed, which was closely followed
by CT flat-bed (97,567 MJ/ha). The highest output of 105,470
MJ/ha was obtained in weed free treatment, while the low-
est output was obtained in control (83,565 MJ/ha). There was
26.2% additional energy output due to control of weeds. The
cost of cultivation varied for different tillage and crop estab-
lishment practices from Rs 16,674 in zero tillage to Rs 18,374
in conventional tillage raised-bed. Similarly the cost of pro-
duction for different weed management options varied Rs
15,977 for control to Rs 19,977 in weed free treatments. The
cost of production was 12% higher in pendimethalin + 1 HW
treatment comparison to only application of pendimethalin.
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Herbicide residues and their microbial remediation in soil

Shashi Bala Singh*!, Lata? and Divya Sharma?
!Division of Agricultural Chemicals, *Division of Microbiology, IARI, New Delhi 110 012
*Email: shs_agch@yahoo.com

Due to shift of rural population to the urban areas, use of
herbicides has become a widespread practice, in order to com-
bat the weed situations. Despite their usefulness in the incre-
ment of food production, their extensive use has led to the
presence of residues in food and environmental contamina-
tion. The World Health Organization (WHO) data show that
only 2-3% of applied chemical pesticides are effectively used
for preventing, controlling and killing pests, while the rest
remains in the soil (EPA 2005). The ultimate “sink” of the
pesticides applied in agriculture care is soil. Therefore, the
surface soil containing residual pesticides causes toxicity in
the surrounding environment. Real and perceived concerns
about pesticide toxicity have promoted their strict regulation
in order to protect consumers, environment and also the users
of pesticides. Thus, reliable and accurate analytical methods
are essential to protect human health and to support the com-
pliance and enforcement of laws and regulations pertaining to
food safety. At present, the pesticide waste is being treated by
physico-chemical methods which are not efficient and effec-
tive. Among biological approaches, the use of microbes/con-
sortia with degradative ability is considered the most efficient
and cost-effective option to clean herbicide-contaminated sites.

Soil being the storehouse of multitudes of microbes, in
guantity and quality, receives the chemicals in various forms
and acts as a scavenger of harmful substances. The efficiency
and the competence to handle the chemicals vary with the soil
and its physical, chemical and biological characteristics. Mi-
croorganisms play an essential role in the bioconversion and
total breakdown of pesticides in the environment.
Bioremediation is the breakdown (biodegradation) of con-
taminating compounds using microorganisms. These microbes
often use contaminants as a food source, thereby completely
eliminating toxic compounds by changing them into basic
elements such as carbon dioxide and water, a process known
as mineralization. Incomplete degradation may also occur, or
the partial breakdown of the original contaminant to a less
complex form. Another result may be the transformation of a
compound to a different chemical structure that may affect the
toxicity and mobility of the original agent. Sometimes immo-
bilization of a compound occurs where the agent is overcome
by the microbe but not eliminated or altered, which is often a
potential benefit but rarely a final solution.

Microbial degradation of persistent herbicides like
pendimethalin, atrazine (Singh et al. 2007), fluchloralin (Singh
and Kulshrestha 1995), metolachlor and alachlor (Maisnam
et al. 2009) was studied and potential microbes isolated for
their rapid degradation. Similar studies are carried out with
a persistent insecticide bifenthrin (Sharma et al. 2012) and
five different PAHs (Choudhary et al. 2011). In one of the
recent studies a bio-surfactant producing bacteria was used
as an additional amendment which itself was a slow degrader
but helped in solublizing the low water soluble pesticide
and made it available for degradation. This study is with a
persistent insecticide but the procedures can be extended
for bioremediation of problematic herbicides from soil.
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METHODOLOGY

Persistence study of bifenthrin was conducted in soil. A
bacterial strain Serratia marcescens, L-11 which was found to
be biosurfactant producing and PAH degrader in earlier stud-
ies was procured from Division of Microbiology. A consor-
tium of this strain was prepared along three fungal strains
Aspergillus niger, Aspergillus flavus and Achaetomium
strumarium which were isolated from bifenthrin contami-
nated soil. Degradation/persistence studies of bifenthrin
were conducted with this consortium in broth and soil and
residues analyzed using GC analysis. Carbon and nitrogen
requirements were also assessed. Degradation products were
also indentified by comparison with prepared authentic
samples using HPLC.

RESULTS

Bifenthrin pesticide is strongly adsorbed on soil and
therefore less bioavailability in solution for microbial degra-
dation (Half-life in soil=147 days). Results indicated that us-
ing consortium the degradation half life of bifenthrin in soil
could be reduced to 27.4 days. Such microbes can be utilized
for the remediation of low water soluble persistent compound
especially at industry effluent sites. The major advantage of
bioremediation is that it is a natural process and can be used at
a much lower cost than many other treatment technologies.
Additional carbon source could enhance the degradation.

CONCLUSION

Although the conducted studied used a pesticide for ter-
mite control but similar bio-surfactant producing microbe me-
diated studies can be useful for residue management of persis-
tent herbicides. Specially for those herbicides which are
strongly adsorbed on soil and have very less solubility in
water rendering unavailable for biodegradation by microbes.
Howvever, it is essential that such microorganisms are thor-
oughly evaluated for safety before release into environment.
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Weeds and weed management of rice in Karnataka state — a review
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Rice is one of the staple food crops of India and
Karnataka state is one of the major rice producing states in
India (Rao 2010). The rice productivity in the state is around
2.4 t/ha. Due to advantage direct-seeded rice, the farmers in
Karnataka are opting to shift to direct-seeding of rice. Weed
management is critical for realizing optimal yields of direct-
seeded rice in particular and rice in general (Rao et al. 2007).
An attempt is made to review the research work carried out
on weeds and weeds and management of rice in Karnataka
state of India during the past 30 years.

METHODOLOGY

The objective of the study was to review the published
literature on weeds and weed management in rice in
Karnataka, identify improved weed management technolo-
gies for passing on to farmers and suggest research needs
based on farmers requirements. For this purpose, literature
survey was made and the publications,of past thirty years,
on the selected subject were collected. The publications were
studied, analyzed and thesummary is presented in this re-
view.

RESULTS

Of 96 weed species reported to be associated with rice
in Karnataka, the dominant weeds varied with method of
rice establishment (Table 1).The research carried out so far in
the state is herbicide based. The herbicides that were found
to be effective in rice seedling nurseries include: cyhalofop-
p-butyl, bispyribac sodium, bensulfuron methyl +
pretilachlor, butachlor, pretilachlor + safener, anilophos and
fluchloralin. Even though hand weeding was found to be
effective in all methods of rice establishment, it is time con-
suming, tedious and costly as labor is becoming scarce, un-
available in time and costly. The herbicides that were found
effective include: a) oxyfluorfen + pretilachlor,
pyrazosulfuron in aerobic rice; b) pendimethalin,
thiobencarb, molinate + propanil, molinate, bispyribac so-
dium, cyhalofop-butyl at + chlorimuron + metsulfuron ,
fenoxaprop + chlorimuron + metsulfuron and fenoxaprop
+ ethoxysulfuron in dry-seeded rice; anilofos + 2,4-D,
thiobencarb, anilofos, pendimethalin, pretilachlor,

Table 1. Most commonly reported weeds species in rice established by varying methods.

Most reported

weed species Rice (all establishment methods)

Transplanted rice

Dry-seeded and aerobic rice Wet-seeded rice

Echinochloa colona

Cyperus difformis and Cyperus iria.
Eclipta prostrata

Ludwizia parviflora

Rotala verticiclaris

a s wWN -

Cyperus iria
Echinochloa colona
Eclipta prostrata
Ludwizia parviflora
Rotala verticiclaris

Ageratum conyzoides
Commelina benghalensis
Echinochloa colona
Cynodon dactylon
Cyperus procerus

Eclipta prostrata
Alternanthera sessalis
Cyanotis axillaris
Digitaria ciliaris
Echinochloa crus-galli

acetachlor, azimsulfuron + metsulfuronm-ethyl, bispyribac-
sodium, butachlor, cinosulfuron, oxadiazon, quinclorac, in
transplanted rice; and c) anilofos, butachlor + halosulfuron-
methyl, butachlor + safener, oxyfluorfen, pretilachlor +
safener , butachlor in wet-seeded rice.

CONCLUSION

Integration of herbicides with hand weeding or inter
cultivation was found to be effective in rice established by
different methods. Options that were found economical in
managing weeds varied across the different rice establish-
ment methods Need for development of location specific
sustainable integrated weed management strategies (Rao et
al. 2007, Rao 2010, Rao and Nagamani 2010) and extension of
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available technologies to the farming community in
Karnataka is emphasized.
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Broad spectrum weed management in chickpea for NEPZ
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Heavy infestation of weeds is one of the major con-
straints for successful cultivation of chickpea.Potential yield
loss in chickpea due to weeds infestation ranges between 22—
100% (Saxena and Yadav 1976). Very little work has been
reported on weed management in chickpea. Keeping this in
view the present investigation was carried out for broad
spectrum weed management in chickpea.

METHODOLOGY

A field experiment was conducted during the Rabi sea-
son 0f2012-13 at research farm of Tirhut College of Agricul-
ture Dholi, Muzaffarpur. Eleven treatment combinations were
evaluated in randomized block design with three replica-
tions (Table 1).Chickpea variety ‘BG 256’ was sown in row
30cm apart. Recommended dose of fertilizer (20:40:20 kg
N:P:S) was applied as basal,uniform cultural practices and
plant protectlon measures were adopted. Data on Weed den-
sity m  were recorded randomlyby using 0.25 m quadrate
from each plot.

RESULTS

Phyto-toxic effect on chickpea plant was observed with
application of fenoxaprop-ethyl, oxyflurofen and
pendimethalin + imazethpyr combination in early stages up
to 16 to 21 days after herbicide application.

Equally higher grain and straw yields 2.35 and 1.95 t/
ha, 2.46 and 2.33 t/ha, 2.49 and 2.17 t/ha, 2.29 and 2.22 t/ha
and 2.26 and 2.10 t/ha were recorded under treatments Weed
free, pendimethalin CS + one hoeing, One hoeing with wheel
hoe + line weeding, pendimethalin EC + One hoeing,
pendimethalin CS formulation respectively. All above treat-
ment were found at par among themselves except the appli-
cation of pendimethalin CS + one hoeing and alone
pendimethalin CS formulation in respect of weed manage-
ment.

Lower weed dry weight (1.72g/m?, 1.81g/m?, 2.11 g/
mz?, 1.94 g/m? and 2.66 g/m?) and higher weed killing effi-
ciency (92.8%, 91.9%, 90.5%, 91.26% and 88.1%) were also
observed in treatments Weed free plot, one hoeing with
wheel hoe + line weeding, pendimethalin EC + one hoeing,
pendimethalin CS + one hoeing and pendimethalin CS for-
mulation respectively. The above result clearly indicate that
the reductionin weed dry weight resulted more weed Kkill-
ing efficiency and higher grain and straw yields of chickpea
in Combined application of pendimethalin both
formulation(EC and CS) with one harrowing or harrowing
alone in combination with line weeding. All had similar
effect to weed free plot.

Table 1. Grain yield, straw yield, weed dry weight and weed killing efficiency as affected by weed control treatments

Treatment Grain yield Straw yield Weed dry matter ~ Weed Killing
(t/ha) (t/ha) g/mZ2at 60 DAS efficiency

Pendimethalin EC 1 kg/ha, PE + one hoeing 30 DAS 2.29 2.22 211 90.58
Pendimethalin CS formulation (1 kg/ha), PE 2.26 2.10 2.66 88.12
Pendimethalin CS formulation (1kg/ha), PE + one hoeing 249 217 194 91.26

at 30 DAS
Oxyflurofen 0.25 kg/ha PE + one hoeing at 30 DAS. 2.09 2.05 1.81 91.93
Fenoxaprop-ethyl 60g/ha POE at 25-30 DAS. 1.60 1.46 10.54 52.72
Pendimethalin 30 EC formulation + imazethpyr 2% (ready

mix combination) 1kg/ha PE. 1.80 L.73 1145 48.71
Pendimethalin 30 EC formulation + imazethpyr 2% (ready

mix combination) 1kg/ha PE + One hoeing at 30 DAS. 191 2.03 1015 54.65
One hoeing at 30-35 DAS by wheel hoe. 2.46 243 4.69 78.97
Weedy check 1.74 1.46 8.44 62.37
Weed free 2.349 1.95 1.72 92.37
Mulching with rice straw (6 cm) 30 DAS) 1.266 1.05 2251 00.00
LSD (P=0.05) 0.235 2.01 1.28 5.45

CONCLUSION REFRENCES

Pre-emergence application of pendimethalin either CS
formulation or EC formulation along with one harrowing
by wheel hoe or one harrowing by wheel hoe at 30 DAS
followed by line weeding is very effective to control weed
in chickpea field for North Eastern Plain Zone.

Sexena MC andYadav DS.1976. Proc. inter. Workshop on grain
legumes. Hyderabad and India. ICRISAT, pp. 31-61.
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Assessment of compatibility of herbicides with insecticides

A.S. Rao*
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In general, post emergence application of herbicides
may coincide with insecticides application also. Presently,
farmers are applying post emergence herbicides and insecti-
cides separately as there is no recommendation/informa-
tion regarding their tank mixing. Some of the farmers are
tank mixing herbicides with insecticides which sometimes
cause injury/not working because of lack of compatibility.
Little information is available on compatibility of herbi-
cides with insecticides (Finlayson et al. 1975). Severe crop
injury may result from tank mixing herbicides with
organophosphorous insecticides (Kreuz and Raymonde 1992).
Therefore, tank mixing of herbicides with insecticides is of
paramount practical importance to farmers in view of the
labour scarcity and increased cost of labour wages. Keeping
this in view, the present experiment is proposed to test the
compatibility of herbicides with insecticides, in order to save
time and cost of spraying.

METHODOLOGY

A lab and field study was conducted during Rabi
2011-12, at Regional Agricultural Research Station, Lam,
Guntur to study the compatibility of some important post
emergence herbicides (fenoxaprop-ethyl, quizalofop-ethyl,
propaquizafop, cyhalofop-butyl, pyrithiobac, bispyribac,
imazethapyr) with commonly used insecticides like
monocrotophos, chlorpyriphos, acephate, acetamipride,
imidachloprid and fipronil). Before field testing, all the above
herbicides were directly mixed with the above insecticides
under lab conditions by mixing equal quantities of both the
herbicides and insecticides and various characters like heat

Table 1. Compatibility chart of herbicides with insecticides

generation, colour, precipitation, phase separation if any,
agglomerations, scum formation, crystal formation, chemi-
cal reaction if any, physical compatibility etc. were
observed.Then the recommended dose of herbicides and in-
secticides were tank mixed before spraying on the recom-
mended crop and all the above observations were also ob-
served before spraying on the recommended crop. The rec-
ommended post emergence herbicides like cyhalofop-bu-
tyl, propaquizafop, quizalofop-ethyl, fenoxaprop-ethyl and
imazethapyr were tank mixed with all the above insecti-
cides and sprayed on blackgram‘PU-31’ at 23 DAS. Simi-
larly, the rice post emergence herbicide bipyribac-sodium
was tank mixed with all the above insecticides and sprayed
on direct seeded rice (variety BPT 52044 DAS. The postemer-
gence cotton herbicide pyrithiobac was tank mixed with all
the above insecticides and sprayed on cotton (variety Mallika)
62 DAS. The crop injury, if any, was observed daily upto 14
days after spraying.
RESULTS

Results of the trial indicated (Table 1) that post emer-
gence herbicides like fenoxaprop-ethyl, quizalofop-ethyl,
propaquizafop, cyhalofop-butyl, and imazethpyr were found
to be compatible with insecticides like monocrotophos,
chloropyriphos, acephate, acetamipride, imidachloprid,
fipronil in blackgram without any crop injury. Further, the
herbicides bispyribac-sodium in rice and pyrithiobac in cot-
ton were also compatible with above insecticides without
any crop injury.

Insecticides

Herbicides Monocrotophos  Chlorophytiphos Acephate Acetamipride Imidachloprid Fipronil
Fenoxaprop-ethyl C C C C C C
Quizalofop-ethyl C Cc Cc Cc C C
Pyrithiobac C C Cc c C C
Propaquizafop C C C C Cc Cc
Bispyribac C C C C C C
Cyhalofop-butyl C C C C C C
Imazethapyr C C C C C C
Note: C = Compatible as tank mixtures
CONCLUSION REFERENCES

It was concluded that all these herbicides are compat-
ible with the insecticides mentioned above as no adverse
effects occur as result of mixing them together directly as
well as tank mixing. However, these results need further
confirmation.

Finlayson DG, Camp bill GJ and Robert HA.1975. Annals of Ap-
plied Biology International Journal 79(1): 95-108.

Klaus Kreuz and Raymonde Fonne—pfister. 1992. Pesticide Bio-
chemistry and Physiology 43(3): 232-240.
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Effect of integrated weed management in spring harvested sugarcane ratoon
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Sugarcane (Saccharum officinarum L.) is an important
commercial cash crop. In India more than 50 to 55% of sugar-
cane acreage is occupied by rations. Sugarcane ratoons are
highly exhaustive having higher demand for nutrients be-
cause of shallow root system, decaying of old roots, sprout-
ing of stubble buds, immobilization of nitrogen and sever
weed infestation (Lal and Singh 2008). Manual weeding is
one of the most effective weed control measures but timely
availability of agricultural labourer is of remote possibility,
manual hoeing/weeding are costly and labour intensive and
timely quality availability of chemicals combine with low
purchasing power of the individual farmers thus, there is
need to identify effective integrated weed management op-
tions. The works on integrated weed control in sugarcane
ratoon crop is very meager in Varanasi region of Eastern
Uttar Pradesh. Considering the above facts this experiment
was conducted during 2009-10 with integrated approach to
control weeds in spring planted sugarcane.

METHODOLOGY

A field experiment was conducted during spring ratoon
seasons of 2009-2010 at the Agricultural Research Farm, Insti-
tute of Agricultural Sciences, Banaras Hindu University,
Varanasi, Uttar Pradesh, India. The experimental soil was sandy
clay loam with pH 7.85, organic carbon 0.32%, low available
N (184.62 kg/ha), low available P (24.55 kg/ha) and medium
available K (234.37 kg/ha). Ten treatments were randomly
assigned in simple randomized block design with three repli-
cations (Table 1). The cane plantation was already installed

with a row spacing of 75 cm in the experimental field. The
crop was harvested and the plantation was irrigated with flood-
ing system of irrigation. Fertilizers were applied as per rec-
ommended dose of the area. The crop was uniformly fertil-
ized with 120 kg N, 60 kg P-Os and 60 kg K.O per hectare
giving half of the nitrogen and full dose of phosphorus and
potassium as basal in furrows. Remaining nitrogen was top
dressed in two equal splits at 60 and 90 DAP. Sugarcane ratoon
crops were raised with recommended practices.

RESULTS

Weed flora of the experimental plots as observed dur-
ing the critical period of crop-weed completion were broad
leaf weeds such as Chenopodium album, Asphodelus tenuifolius,
Trianthema partulacastrum and chorchorus spp., sedges- Cyperus
rotundus and grasses, viz. Cynodon dactylon, Sorghum halepense,
Panicum maximum, Dactyloctenium aegyptium and Setaria glauca.
The effect of treatments in reduction of weed density and
weed dry matter were obtained due to various treatments
compared with weedy check. In the plot where weed free
conditions were maintained the cane yield obtained was 70.1
tonnes/ha. Effect of treatments on number of millable canes
and cane length was significant and the highest cane yield
(68.1 t/ha) was obtained under the treatments involving three
hoeing (15, 45 and 75 DAR) followed by trash mulching which
were at par with all other treatments except weedy check,
one hoeing and one hoeing followed by trash mulching. The
maximum weed infestation was recorded in weedy check
plot with lowest cane yield i.e. 49.9 t/ha.

Table 1. Effect of integrated weed management in spring harvested sugarcane ratoon

Weed density

Weed dry weight

(no./m?2) (g/m?) Millable Cane yield
Treatment : 9 canes (t/ha)
15 DAR 45DAR 15 DAR 45 DAR  (x10%/ha)

One hoeing at 15 DAR 1.00 10.23 7.90 9.96 65.1 58.3
One hoeing at 15 DAR+ trash mulching 1.00 9.11 6.10 8.75 78.9 64.1
Two hoeing first at 15 DAR and second at 45 DAR 1.00 6.71 4.15 6.66 86.3 60.7
Two hoeing first e}t 15 DAR and second at 45 DAR 1.00 6.82 4.45 6.70 88.5 66.4

+ trash mulching
Three hoeing first at 15 DAR, second at 45 DAR

and third at 75 DAR 1.00 6.59 4.13 6.35 101.1 67.7
Three hoeing first at 15 DAR, second at 45 DAR

and third at 75 DAR+ trash mulching 1.00 6.18 411 413 109.3 68.1
Atrazine 2.0 kgZha (PE) followed by 2,4-D 1.0

kg/ha (PE) at 60 DAR 9.66 511 3.98 3.98 108.5 67.9
Thick trash mulching in furrow 6.37 6.42 4.98 6.45 101.1 66.8
Weed free 0.00 0.00 0.00 0.00 115.3 70.1
Weedy check 14.33 19.21 13.9 16.5 48.9 49.9
LSD (P=0.05) 6.19 9.31 4.35 4.45 9.1 9.9

CONCLUSION

The integrated weed management practice; three hoe-
ing first at 15 days after rationing (DAR), second at 45 DAR
and third at 75 DAR followed by trash mulching is the most
effective weed management practice for controlling weeds in
spring harvested sugarcane ratoon closely followed in order
by atrazine 2.0 kg/ha (PE) followed by 2,4-D 1.0 kg/ha (PE) at
60 DAR, three hoeing first at 15 DAR, second at 45 DAR and
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third at 75 DAR, thick trash mulching in furrow, two hoeing
firstat 15 DAR and second at 45 DAR followed by trash mulch-
ing and two hoeing first at 15 DAR and second at 45 DAR.
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Conservation agriculture - potential way for weed management
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Conservation Agriculture (CA) is a system designed to
achieve agricultural sustainability by improving the bio-
logical functions of the agroecosystem with limited mechani-
cal practices and judicious use of chemical inputs (FAO, 2010).
CA is focused on three principles; i) less disturbance of soil
by minimum tillage or zero-tillage and use of herbicides for
suppression of weeds, ii) retention of sufficient residues on
the soil surface, and iii) cover crops and crop rotations to
control the weeds, pests and diseases, and protect the soil
from erosions (Mader and Berner 2012). CA with the applica-
tion of permanent ground cover and diversified crop rota-
tions, together with minimum soil disturbance after a tran-
sition period of about 2-4 years, results in significant reduc-
tion of weed pressure with the subsequent reduction in her-
bicide use (Friedrich 2005).

Weed management through conservation agriculture:

Zero/minimum tillage: Reduced or zero-tillage tillage
decreases the weed population through creating unsuitable
conditions for weed seed germination (Benech-Arnold et al.
2000).CA based crop management practices, viz. permanent
no-till residue managed beds and double no-till (zero till
direct seeded rice- zero till wheat) reduced weed infestation
in rice-based cropping systems of eastern Uttar Pradesh due
to less weed seed bank disturbance in soil and proper cover
of soil by the residue (ISWS News Letter 2013). The field
managed under minimum tillage or zero-tillage holds the
weed seeds on the soil surface that increases the predation
possibility of weed seed. Zero-till DSR with anchored resi-
due was found to be most effective in minimizing weed den-
sity, dry weight and nutrient depletion by weeds (Singh
2012).

Residues Retention: Retention of residues suppresses
the 