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CHAPTER -1

INTRODUCTION

Wheat being the world's leading cereal crop is cultivated over an
area of about 229.0 million hectares with production of 602.4 million
tonnes. India produces about 75.6 million tonnes of wheat with an average
productivity of 2621 kg ha? (Anon., 2001). |

Wheat cultivation is mainly confined to NorthQWestern par.t of .
country, comprising Haryana, Puﬁjab,. Uttar Pradesh and some parts of
Rajasthan. In Haryana, it is cultivated in 21.9 lac hectares with the
production and pfoductivity of 85.7 lac tonnes and 3916 kg ha’,
respectively. It accounts about 8.0 and 12.1 per}'cent of tdtal area and
production of wheat of the country, respectively (Anon., 2(300).
| Introduction of high yielding dwaff varieties along W,ith increased

fertilizer use ahd improved ifrigati_on facilities has virtually revolutionised
the wheat cultivation which has led to a shift in weed flora in wheat (Bhan
and Malik, 1986). The shift in weed flora in favour of wild oat and some
other broad leaf weeds has also been recbrded in the latest survey. of weeds
in wheat (Anon., 1990)[1‘ hese conditions stimulate the gtofwth of crop as
well as weeds. Wheat is generally» infested withﬁoth grassy weeds viz.,

Phalaris minor, Avena ludoviciana, Avena fatua and broad leaf weeds viz.,



('henopoa’zum album, Melilotus indica. Coronopus didymus, Anagallis
arvensis, Cirsium arvense Lazhyrus a; naca and Vicia sativa (Malik et‘
al., 1989). Weeds compete with crop for nutrients, moisture, light, space
and CO, causing reduction in yield to the tune of 25 to 50 per cent
dcpending upon species, weed density and crop (Gill, 1979; Bhan and
Malik, 1983 and Singh et al., 1997).

Grassy and broad leaf ‘weeds in whéat are equally important as their
infestation may lead to the reduction of grain yield to the tune of 15-25
per cent (Walia and Gill, 1985) and 20-30 per cent (Wiison and Cussan,
1984 and Walia et al., 1997), respectively. Among grasses, P. minor has
beicome the most serious weed of wheat and results about 25 per cent loss
alone in wheat grain yield.

Iﬁ intensive agric‘uituré, particularly in situations of the
morphologicél vsi.milarity of weeds with crop plant (crop mimicry),
chemical control of weeds has become obligatory. The herbici.de use pattern
in high productivity zé_nehas;emained focused on the use of few selected
compounds during last 15 years. Herbicide like isoproturon has been
fréquently.used:withouf looking at its second generation problems
‘ assééiated with extensive useiof herbicides. This type of herbicide use
pattern has caused a shift in weed flora in favour of some.broad-leaved
weeds. It has also led to ‘th‘e development of resistance against target
weed like Phalaris min_of (Maﬁ‘k'and Malik, 1994). Thef herbicide ﬁée
"‘patfern needs to be rationalised in such a way that the Aproblems associated

with such type of use pattern can be avoided. Amongst chemical weed



control aspects, use of herbicides in rotation or as tank mixture may help
not only to increase the spéctrum of wécd control but also to prevent or
delay the development of herbicide resistance.

2,4-D provides excellent control o»f brcgl leaf weeds but causes the
developmental deformities in wheat cultivars, delay the maturity and cause
significant reduction in the yield (Sharma et al., }1 987; Balyanetal., 1990,
Bélyan and Panwar, 1997 and Balyan and Malik, 2000). Use of non-
con?entional herbicide like metribuzin to control both resistant and
s,uscerptible genotyi)e of Phalaris minor is not acceptable due to Athcir
injqryltoxicity to wheat crop (Balyan et al., 1997 and Balyan, 1999) Under
‘s‘ucllx conditions, we need to evaluate suitable alternate herbicide for the
control of complex weed flora in wheat amongst new herbicidal groups
introduced recently against grasses and broad-leaved weeds,Some of the
new Vherbicides from sﬁlfonylurea group have a narrow range of weed
) control while some of the compounds in this group have wide range of
control. To avoid use of herbici&es sei)arately for the centrol of broad
" Iéaifeé and grassy 'wéeds, a selective herbicide with a broad spectrum of
weed control is needed. | i |

- " Sulfonylurea herbicides are‘ﬁeing‘considefed the substitute for
existing herbicides because of their capability to control grassy as well as
bfbgd-leaved weeds, high potency, low dose requirement and low
" mammalian toxicity (Vicari et al., 1994 and Singh eial.', 1997).

' Chlc;fsulfurén (Glean 75% DF), a new entry in sulfonylure;:a- group needs

evaluation for its weed control efficiency and crop tolerance along with
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residual toxicity to succe;ding crops. Sulfonylurea herbicides alone and
in combination with the ékistihg‘ herbicides neéd to be evaluated before.
their recommendation in wheat based cropping systems.

| Keeping the above in view, the present investigation entitled,
“Evaluation of sulfonylurea ﬁerbicidés for weed control in wheat (Triticum

aestivum)” was planned with following objectives:

1. To evaluate the effect of sulfonylurea herbicides on different

weeds of wheat.

2. To study the effect of different herbicidal treatments on

- gfowthand yield of wheat.

3. To study the residual effects of different herbicidal treatments

on succeeding crop.



CHAPTER - 2

REVIEW OF LITERATURE

The relevant work carried out at different locations in India and
- abroad pertaining to problem under study is reviewed és under:
- 2.1 LOSSES CAUSED BY WEEDS

Among the different factors res;ﬁonsible for yield Ioss_-es in wheat,
weeds alone cause 33 per cent yield reduction (Singh ez al., 1997). Weeds
compete with wheat for nutrien{s, soil mois\ture; sunlight and space.’
| _Dependinvg upon nature and intensity of weed ﬂo“ra,' 30 to 50 per’ cenf -
rgduction in grain yield 6f wheat are quite éommoﬁ (Diwivedi et al., 1996).
In areas like Kar‘nal and Kurukshetra, somét‘imes wheat crop is discarded
and used as fodder bécause of intensive population énd exéessive growth
of grassy weeds. Malik and Singh (1995) reported that a_pbpuiation of
2006 plants per square metre of Phalarz’s mz‘nsr fcsulted ixi complete wheat
crop failure in farmers field in Haryana State. Bemdas these weeds remove
30-40 kg N ha, 10-20 kg P ha! and 20-40 kg K ha"! from the soil and
tranSplre 250- 300 tonnes of water per hectare (Mlshra and Gautam, 1995)
~Among grassy weeds, Phalarzs, minor is posing a serious threat to wheat
cultivation. Even moderate infestation of P. minor aléoné caﬁs'eé 15-20 i)er‘ |

cent reduction in grain yield of wheat (Walia and Gill, 1985). Grassy weeds
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have a potential to remove 40-50 kg N ha' in wheat. Phalaris minor
accounted for 73, 97 and 94 per cent of the total uptake of N, P,O, and
K,O, respectively, by weeds in wheat resulting to 66 per cent loss in yield
(Kumar, 1987). While the infestation of wild oat waé reported to reduce
the grain yield of wheat to an extent of iS to 50 per ceﬁt depending upon
its intensity (Brar and Walia, 1989). The uncontrolled presence of broad
leaf weeds in wheat crop is equally important. The infestation of broad
leaf weeds in wheat crop may lead to the reduction of grain yield to the
tune of 7-50 per cent depending upon their density (Kurchania et al., 2000).
Therefore, timely weed control becomes mandatory. |
2.2 WEED MANAGEMENT

The aim of weed management is not to achieve 100 per cent weed
control but {o create favourable conditions forfcrop gfowth. Wged control
métho'ds are grouped into cultural, physical, chemical and biological.
Amongét these methods, chemical weed control met‘ho_d ie. use of
herbicides proved the most pra‘ctic'al, effective and econo‘iﬁic means of
controlling even unapproachable or unexcessable weeds or noxious weeds.
In addition, they reduce drudgery of hénd weeding which. is labour
intensiv‘e and time consuming (Brar and Walia, 1989). .
2.2.1 Effect of herbicid‘es on weeds

Mani (1 979) found isoproturon a broad spectrum selective herbicide
for giving satisfactory control of both broad leaf and grassy weeds in wheat.
Application of isoproturon at 0.75 kg ha'' (Malik e: al., 1988) or 1.0 kg

ha'! (Gill et al., 1978) have resulted in effective control of wild canary
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grass, wild oat and lambsquarter. Sharma et al. (1987) recorded more than"
90 per cent control of bathu (Chenopodium alb;zm) and kanki (P. minor)’
with the application of isopfoturon at 1.0 kg ha'l. Tank mixture of
jisoproturon (1.25 -kg ha'!) aﬁd 2, 4-D (OA.62 kg ha') 'caused sigﬁiﬁcant
reduciion in the dry weight of Phalaris minor, Avena ludoviciuna and
Chenopodium dlbum in wheat (Boparai et al., 1991). HoWever, Malik and
Malik (1994) reported the development of fesistance in Phalaris'-minor to
isoproturon due to its continuous use for the last 10-15 years in rice-
wheat sequence.

In AIndia, 2,4-D has been recommended for the control of broad leaf
weeds 1n wheat (Singh and Sharma, 1984). Application of 2,4-D 0.36 kg
ha? tank mixed with isoproturon 0.75 kg ha! provided complete control

~of P. minor and caused drasﬁb reduction in the total weed density and dry
matter of weeds (Singh et al., 1996). But the use of 2,.4-D alone or tank
mixture on large scale has remained restricted bgcause of developmental
deformities in spike (malformed) in many wheat vaxicties'_like‘HD 2009,
WH 283 and WH 416 and Sonak (Balyan and Panwar, 1997 and .Balyaxi
and Malik, 2000). In cotton-wheat sequéncc, farmers have not accepted
2,4-D as the contamination of 2,4-D with insecticides may cause
malformation in cotton (Shé,rma et al., 1987).
- Gigox (1980) reported that fnctribuzin at 0.42 kg ha™ gavé excellent
control of both grassy and many broad-leaved weeds in wﬁeat. Bl_aék's,haw
(1994) observed éffcctivc confrdl of Bromus fectorum with ﬁost-emergén‘ce

application of metribuzin at 0.42 kg ha''. Good weed control of both grassy



and broad-leaved weeds was achieved with application of metribuzin at
0.28 or 0.43 kg ha’ (_Shéw_and Wesley, 1992). Application of metribuzin
aloné at 200 to 400 g ha" provided 70 to 98 per cent -controyl of grasses
and broad leaf weeds in wheat (Balyan, 1999). The drastic reduction in
‘the density and dry weight of P. minor was recorded with metribuzin
application at 210 g ha’! (Singh et al., 1999).
2.2.2 Effect of sulfonylurea herbicides on weeds

Chlorsulfuron and metsulfuron-methyl (metsulfuron) are members
of a new sulfonylurea group of herbicides which can effectively control
maﬁy br‘oad-leaved weeds and few grasses in different crops (Singh et al.,
1995). Vicari et al. (1994) reported the use of metsulfuron and
chlorsulfuron to control annual broad leaf and some grass weeds in wheat |
since 1986 in Italy as pre and early post-emergence herbicide ai a
: récom'mended-rate 'of76 g a.i. ha" and 15 g a.l. 'ha“','respectively.
Chlorsulfuron applied at 0.005 - 0.02 kg ha! pre and post-emergence
resulted in reduction of both population and dry weight accumulation of
P. minor and broad ieaved weeds'compé:ed to an unweeded control. In a
field trial conducted in USSR, Smirno? énd Zakharenko (1985) reported
that application of 20 and 40 g Gliean, (;:hlorsulfuron) ha"! at tillering stage
decreased the population of annual and pe;ennial weeds by 76.8 - 78.1
and 27.2 - 44.6 per cent, respectively. Lyzenke e? al. (1994_). recorded 98-
100 per cent weed control with chlorsulfuron application at 10 g ha™ which
effectively controlled weeds sﬁch as Stellaria media, Viola arvensis and

Spergula a’rv’enshi_s, which are resista;it against 2,4-D. Singh et al. (1997) '
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found that chlorsulfuron plus safner at 20 g ha” reduced the density of
_broad leaf weeds by 94.5 per cenf and P. minor by 87.5 per cent at 60
DAS and proved best to control complex weed florain wheat than diclofop,‘
isoproturon and 2,4-D. Application of metsulfuron particularly at 8 g ha’
’>is reported to provide good control of broad leaf weeds including Cirsium
arvense (Walia et al., 1997).

Panwar et al. (1996) recorded effective control of C. albuim and M.
indica 1n wheat with application of metsulfuron at 4 g ha!. Metsulfuron-
methyl (m‘etsulfuron) and .terbutron‘-methyl restricted the growth of grassy
weeds Yor a month and gave good control of broad l_eaved weeds (Pandey
ahd Singh, 1994). Chlorimuron-ethyl and metsulfuron (metsulfuron-
methyl) have been fbund effective to control grasses in soybean (Bradford
et.al,., 1989) and rice (Mitra and Ghosh, 1992). Kﬁrchania et a?. (2000)
févealcd fh‘at metsulfuronv—méthylk at 2 and 4 g ha! was ,effecti\)e 1n
éohtrolling Che‘nopodz‘um album, Anagallis‘ arvensis, Melilotus alba, Vicia
sativa, Ci¢h§rium intybus vbut. hbt P. minor. Aﬁplicatic)n of Chiorsulfuron
25and30 g ha” and‘mets‘ulfﬁrox‘l 4 and 6 g ha resulted 97 to 98 per bent
control of Rumex rezroﬂexits (Jangli p‘élak) (Balyan and Malik, 2000).
Daliwal et al. (19?8) reported the excellent control of various Biotypes of
P. minor with sulfosulfuron (L‘eader);

223 Effect of herbicides on crop growth and yield
- Balyan and Malik (1993) recorded sigﬁiﬁcantly higﬁer grain yield
(48.9 q ha) »\;ith the application of 1.0 kg isoproturon. Applicaﬁoh of

1-1.5 kg isoproturon proved effective in getting ‘higher number of spikes
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m and effective tillers per metre row length as compared to the other
treatments and produced statistically similar grain yield (50.0 q ha™) to’
weed free (50.36 q ha™') plot (Dixit and Bhan, 1997). |
Anderson (1986) reported that metribuzin when applied at the rate
of 360 g ha! reduced the grain yield of winter wheat. Similarly, Tollervey
eral. (1979) aléo advocated that when metribuzin applied post-emergence
at 0.4 kg ha! severely injured wheat and depressed wheat yield. The higher
rate of metribuzin se\}erely injured to wheat (Morrow and Young, 1982).
The significant reduction in wheat grain yield was obtained with the
application of metribuzin (400 g haf‘). However, the grain yield of all
cultivars including HD 2329 was not influenced significantly with 200 g
of metribuzin compared to untreated check (Balyan et al., 199’7); Singh
(1998) recorded 36-39 per cent reduction in‘g‘rain and straw yield of Wheat |
following the treatmenf of metri‘buzin at 400 g ha'. However, the grain
kyield and biological yield with metribuzin 200 g ha* was 10 per cent less
fhan weed free condition. Apbliéation of metribuzin at 400 g ha™ reduced
the wheat tillering to an extent of 10-15 per cent and reduced the grain |
Vyield (Balyan, 1999). At Pantnagar, Singﬁ et al, (1999) aléo reported the
reduction in the wheat crop density by the ,_appl‘ication of metribuzin at
210 g ha'! onwards. Sensitivity of a particular hérbicide to wheat cultivars
also depends upon the type of soil. Shaw and Wésley (1992) did not notice
any injury to any variety of wheat by more than 10 per cent on a silty clay
soil. But on'the sandy soil, wheat injury with 0.28 ;Or 0.43 kg ﬁa" metribuzin
was sufficient to reduce wheat yield despitc good control of both grassy -

and broad leaf weeds,
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2.2.4 Effect of sulfonylurea herbicides on crop growth and yield
| Most of the studies on tolerance of wheat cultivars to chlorsulfuron‘
héve been conducted in western coﬁnfries‘ Differential tolerance of wheat
cultivars to chlorsulfuron have been reported by Dastgheib et al. (1993).
- The main reason‘yfor differences in sensitivity kto chlorsulfuron is the
differential rates of metabolism or detoxification (Dastgheib et al., 1993).
Sweetser et al. (1982) found. that the. toleraﬁt'species of wheat rapidly
metabolized chlorsulfuron toa polar, nonphytotoxic prbduct. However,
perhaps no case of differences in sensitivity of wheat cultivars to applied
~ chlorsulfuron has béen reported in Indian conditions. Singh ei al, (‘1997)
obtained the highest grain yield (62.11 q ha') with the appliéation of
chlorsulfuron plus safner at 40 g ha! which was very closely followed by
chlorsulfuron 20 g ha' and 40 g ha’ and their application proved best
* among other treatments es’peéiélly in the presence of complex weed flora.
Maximum grain.yield of wheat (36.6 q ha') was recorded by Walia ef o,
(1997) with the application of metsulfuron and tribenuron-methyl each at
10 g ha? and was ‘s‘.igniﬁcantly more than the recommende'd'. treatment of
two hand hoeing. However, chlorim&ronréthyl 10 g ha? pmvéd toﬁcic to
| the wheat crop. Application of phlorsu’lfuron’ 25 and 30 g ha™ and
metsulfuron 4 and 6 g ha" produced more or less simﬂar yields to that c)fi
weed free yields (Balyan and Malik, 2000). -
Spiridonov (1989) reported that application of Glean (chlorsulfuron)
| at 10-40 g hé’? decreasedvweeéiafestatien in wheat by 70-94 per 'céﬁt and

grain yield exceeded those of the control by upto 0.4 to 0.5 t ha'. Ray ‘
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et al. (1996) reported that application of Express (Tribenuron-methyl) at
10 g a.i. ha' resulted in the highest grain vield (27.5 t ha?) which was
statistically similar to that obtained by using metsulfuron at 4 g a.i. ha’,
isoproturon 1 kg ‘a.i‘. ha'and 2,4-D (sodium salt) at 0.5 kg ha'! at 25 DAS.

2.3 USE OF HERBICIDE MIXTURLS

L)

Herbicide mixtures are an effective tool to enhance herbicide
efficiency, lower optimum doses of herbicides, reduce cost of weed
management, arrest weed Shift, prevent herbicide resistance in weeds and
facilitate overall improvement in weed management (Rao, 1993). In a
mixture, herbicides may behave and interact quite differehtly than their
alone application on crop as well as on’ weeds. Sometimes a particular
herbicide may not be having compatibility with other. In mixtures, the
activity of herbicides may be either altered or enhanced due to presence
~ of other herbicides andvshowing different interaction responses termed as
synergistic, additive and antagonistic. Hence, it is important to understand
the activities of new chemicals in probable tank mixtures.

Anderson (1986) reported that chlorsulfuron at 18, 35 or 70 g ha'!
plus metribuzin at 360 g ha'! antagonized metribuzin toxicity to wheat. In
other study of Gillespie and Nalewaja (1989), chlorsuifuron at 12 or 23 g
ha™! plus pre-plant incorporated (PPI) triallate at 1120 g ha™ anfagonized
triallate toxicity to wheat but did not antagonize wild oat control with
triallate at 140 or 280 g ha'. Thus, chlorsulfuron could be applied PPI
with triallate to control wild oaf. and broad leaf weeds wit.;hout reducing

wild oat control but decreasing injury to wheat. Kaur etal. (1996) observed
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antagonism with tank mix application of diclofop-methyl + metsulfuron

(1000 + 5 g ha'') in wheat crop.

2.4 RESIDUAL AND PERSISTENCE BEHAVIOUR OF
SULFONYLUREA HERBICIDES IN SUCCEEDING CROPS

Sulfonylurea are relatively new class of hérbicides. Chlorsulfuron
and metsulfuron are two important members of this group used to control
annual broad leaf and some grass weeds in wheat (Vicari et al., 1994 and
Walker et al., 1989). Chlorsulfuron and metsulfuron have been marketed
since 1986 in Itlay and in Germany, respectively. They exhibit high level
soil activity at extra ordinarily low rates of application and give residual
weed control with doses in the range of 5-20 g a.i. ha' (Walker et al.,
1989). Because of this high level of soil activity, the time that their residues
persist is particularly important since some broad leaf crops (e.g. sugarbeet,
redbeet, iettuce, lentil, peas, corn, maize, rapeseed, .etc.') are sensitive to
very low concentration in thé soil (Walker and Browh, 1982; Beyer et al.,
1987). Both herbicides are degraded mainly by' non-biological chemicals
and by soil microorganism (Joshi et al., 1985). Their biological activity
and residual behaviour in soil is determj'hed by soil and. environmental
factors like soil temperature, moisture pH, organic matter, microbial
- activity an‘d texture (Ulrich and/Miller, ‘1983A; Anderson and Dulka, 1985;
Walker and Brown, 1983). Interaction of the herbicide with the soil and
environmental factors would determine its immediate phytotoxicity and
subsequerit degradation and hence its persistence in the soil and residual

behaviour on the succeeding crops or rotational crops (Peterson and
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Arnold, 1985). As the soil pH is increased to a level of 7 to 7.5, microbial
degradation in combination with limited chemical hydralvsis is restricted-
and led to slow rates of loss of applied herbicides (Thirunarayanan et al.,
1985). At these higher values of soil pH, the herbicides are anionic and
¢nly weakly adsorbedv by soil. Thus, they have the potential to leach under
conditions of high rainfall. Herbicides are extensively mobile in the soil
due to poor adsorption and higher soil moisfure content and moved in to
deeper layers whefe microbiological activity is often lower than that in
soil from the surface layer. This may have important implication with
respect to persistence of residues (Nicholls et dl., 1987). Rapid hydrolysis

of these two herbicides is occurred at low pH (4-5.5) and the level of |
residual herbicide availabie for crop injury to rotational crop is greatly
reduced (Peterson ‘a'nd Arndlrd, 1985). Cn the other hand, as soil pH.
approaches 7.0, the ghlorsulfuron molecules becomé more stable, resulting
in more crop injury in SUbscqqent 'growing season. Highiy significant
negative correlation between soil pH and adsorprtion of chlorsulfuron ‘Was
recorded by Walker et al. (‘1989). The I'lSk of res'idue carry over of
chlorsulfuron is expected greater in alkaiine soils (Walker et al., 1989),
which may restrict their use in rdtat16n§ wheré sensitive crops are included.
| In India, particulérly in Haryana soil pH is high (about 8), organic matter
content is low, rainfall is less, temperature is high, soil moisture content
generally remains IoWer. These conditions afe entirely different than those
prevailing in Vmost of the western countries .whére these herbicides have

been used and research work on their residual effect on succeeding crop
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has been done. So an entirely different residual/persistence behaviour of
metsulfuron and chlorsulfuron is expected in our conditions. Research
work done on the residual effect of these herbicides on different subsequent
crop grown in wheat based cropping system has been reviewed as follows.

Brewster and Appleby (1983) have found injury fo snap beans
(Phaseolus vulgaris L.), alfalfa (Medfcagb sativa L.), sweet corn (Zea
mays L.), Italian ryegrass (Lolium multz’ﬂbrum), sugarbeets (Beta vulgaris)
and rape (Brassica nap‘us) from residues remaining in the Soil following a
35.‘g ha' applicafion of chlorsulfuron in Wheat crop. Chlorsulfuron residues
reduced foliége weight of sugarbeet seeded even after 26 months of
application. Spiridonov et al. (1989) found rape as most susceptible crop
to the residues of Glean remaining in soil after wheat harvest and also
recorded yieid Ibssés for potatoes and maize. Walker’ahd Welch (1989)
. reported that chlofsulfﬁron is lérgely confined to the upper (40-5C cm)
soil even after 148 days of application and ‘residues left in the surface soil
layer with an initial dose of 32 g 'ha“ which was 'sufﬁcient»'to affect the
- growth of lettuce and sugarbeet sown approximately one year after
-application. Bioassay studies carried out at New Delhi by Yaduraju et al.
(1989) indicated that persisten?y of chlorsulfuron in soil at the time of
wheat harvest was not sufﬁcient to affect the growth of maize but there
was a 80 per cent redﬂétion in the growth of sugarbeet at 90 days after
»pre-emer»gence’ application of chlorsulfuron (0.020 kg ha). Carda et al.
(1991) reported that chlorsﬁlfuron applied at 19 g ha’! to si)ring wheat

caused significant réductipn in dry weight production of sugérbeet and
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lucerne grown after wheat harvest on clay loam soil in USA. Chlorsulfuron
, fesidues are reported to rec‘iucevthe fresh weight of cabbage, onion and
maize‘ (Vicari et al., 1991). Kinfe and Peeper (1993) reported that the
persistence of chlorsulfuron varies with soil type and obsérved different
half lives period (6.0 and 3.2 montﬁs in the clay loam soil and sandy loam
soil, respectively). Both maize and.sorghum were reported sensitive to
sulfonylurea herbicides by Hwang et al. (1995).

A bioassay study conducted in Australia indiéated that residues of
chlorsulfuron in the range of 0.1 to 0.4 ng g™ of soil were found phytotoxic
to lcgumin’ous crop, pasture species and oil seed crop species (Stork, 1995).
Vicari et al. (1994) conducted an experiment in USA to study the
persistence of chlorsulfuron and metsulfuron applied in wheat at 15 and
30 gha and 8 g ha'.l mctsulifuron, respectively. They did not detect any
residues by the maize bioasséiy at15¢g ha‘f but res‘i‘du‘es equivalent to 2.38
g ha! was found at the higﬁer rate of chlorsulfuron (30 g ha!) soon after
wheat harvest. However, no residues of metsulfuroh at 8 g ha'! was detected
' ét each location after one month of treatmént. Residues of éhlorsulfur_on .
were distributed upto the depth of 30-’5"0 cm whereas of metsulfuron
res.idues were mainly confined to the surface iayer. Upstone (1991)
observed no effect of residues on yield or qdality of sugarbeet and potatoes
following metsulfuron application even at 1, 2 and 3 times the
recoinmended rate of 6 g ha'! to wheat crop. |

| Yadav et al. (1995) conducted an experiment at Hisar to study the

residual carry over of metsulfuron-methyl on the onion plant at two
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different soil moisture. Their results revealed that significantly higher
reduction in dry weight of ‘onion was recorded at 25 per cent available
soil moisture at all doses than at 75 per cent available soil moisture after
120 days of herbicide application} In other studies ’they recorded 147, 108
and 70 days half life of metsulfuron ét ,15, 25 and 35°C, respectively
indicating increased chemical and microbial degradation. Thus, resulting
more breakdown of the sulfonylurea herbicides due to higher mean
temperatures. They also reported rapid dissipation _in microbially active
soil (half life 70 déys) than in sterilized soixlr(half life 163 days) (Yadav

etal., 1997).



CHAPTER -3

MATERIALS AND METHODS

The iﬁvcstigation entitled, “Evaluation of sulfonyluréa herbicides
for weed control in wheat (Triticum aestivum)” was carried out during
rabi seasons of 1996-97 and 1997-98. The details of the materials used
,and the meihodologies adopted during the course of investigation are
described in this chapter. The general climate, soil and cropping pattern
of the experimental field have also been depicted herein.

31 GENERAL DETAILS |
'3;1-.1 Experimental site

The experiments were conducted at research farm of Department of
| Agronomy, Chaudhary Charan Singh Harjlana Agricultural University,
Hiéar (Héryana). The geographical Iocatip‘n of Hisar is 29°10' N latitude
~and 75°46'E longitude with an elevation of 215.2 metre above mean sea
level.

3.1.2 Climate and weather

| The climate of Hisar region is senrﬁ-arid with hot énd dry summer
.,aﬁd cold winter having 300-400 mm annual rainfall. The temperature shows
a wide dégree of fluctuation ranging.ffom freezing point to as high as

1 48°C during the year. Mean relative humidity (at 7.0 a.m.) remains nearly
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constant at about 80-90 per cent from July to March and decreases steadily
to 40 to 50 per cent from April onwards. The meteorological mean weekly
data for the duration of experiments (Nov., 1996 to Oct., 1997 and Nov.
1997 to Oct. 1998) were recorded at the observatory located in Agronomy
Research Area of University F arm, Hisar and are presented in Table 1»and
depicted in Fig. 1 and 2.
3.1.3 Soil of the experimental field

The physico-chemical properties of the soil of the experimental field
were studied by taking composite so‘ii samples from the upper 30 cm layer
before sowing the crop. The mechanical and chemical constituents of the
soil given in Table 2 showed that soil was sandy loam, slightly alkaline in
reaction, low In ofganic carbon and nitrogen, medium in availabl’ye
phosphoﬁzs and rich in potash.
3.1.4 ‘Cr'o'pping history of the field

The cropping history of the experimental field is given in Table 3.

-
Table 3. Cropping history of the field

Year Kharif ' Rabi
1994-95 Cotton Wheat
1995-96 Bajra Wheat
1996-97 Present Present exp.

1997-98 Present Present exp.



3.2 EXPEi{IMENTAL DETAILS

Following two experiments were conducted during this:
investigation.

Experiment-1: Effect of sulfonylurea herbicides applied alone
and in combination with metribuzin on weed control in wheat ahd their
residual effect on growth and quality of sorghum succeeding crop (Field
experiment) |

Experiment-II : Bio-efficacy and selectivity of sulfonylurea

herbicides against important weeds in wheat and their residual effect on
mungbean and sorghum succeeding crop (Pot culture)
- 3.2.1 DETAILS OF EXPERIMENT-I |

This expefimént was conducted during rabi season of 1996-97 and -

1997-98 in naturally infested field,
'3.‘2.1.1 Treatment details

| The experiment was laid out in randomized block'design with fifteen
weed control treatments applied.inf wheat at 30 DAS. Eacht;eatmeﬁt was
replicated thrice. Details of the treatments are given in Table 4 a‘nc‘lvlayout
plan of the experiment is given in Fig. 3.
3.2.1.1.1 Chemical nature of herbicides

‘Chlorsulfuron: Chlorsulfuron is a new herbicide of the 'sullfgnylurea
group that controls most annual broad léaf wéeds and some annual grasses
in cereals. It shows good selectivity in cereals andvishighl.y active in the
soil against a wide fange ‘of broad leaf wee'ds» (Palm ét ézl., _1,980).

Chlorsulfuron is considered the chemical of choice for cereal farming in
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Fig 3. Layout Plém of the Experiment' -1



Table 4. Details of the treatments of experiment-I

Sr.No. Herbicide : Dose
(g a.i. ha')

T, Metsulfuron-methvi (M.M.) 4
T, Metsulfuron-methyl (M.M.) 8
T, ‘Metribuzin (M.) | 200
T, Metribuzin M.) 400
T, Chlorsulfuron (CHL.) | 15
T, Chlorsulfuron (CHL.) | | 30
T, Metsulfuron methyl + metribuzin (M.M.+M.) 24200
T,  Metsulfuron-methyl + metribuzin- (MV.M.+M.) 2+100
T, Chlorsulfuron + metribuzin (CHL.+ M.) ~  15+100

| T, “Chlorsulfuron + metribuzin (“CHL.+‘ M)  15+200
T, Isoproturon (IPU) | - IOOO
T, Metéulfuron-méthyl + isoproturon (M.M.+IPU) 2+500
T, Chlorsulfuron + isoproturon (CHL. +IPU) - 15+500
T, Weedy check ‘ .
T Weed free . | .

[
W

" Time of appliqafion: All herbicides were applied at 30 days after sowing
(DAS) in both the years of the study
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Australia because of low application rates, excellent crop selectivity and
low mammalian toxicity (Beyer et al., 1988). Itst priinary mode of action-
in broad leaf species is inhibitidn of acetalactate synthase, the enzyme
which catalyses the first common reaction in the synthesis of the branched

chain amino acids valine, leucine and isoleucine (Ray, 1989).

Chemical name: 1-(2-chlorophenyl sulfonyl)-3-(4-methoxy-6-
, methyl-1,3,5-triazin-2-yl) urea (IUPAC)
Trade name : DPX 4189, Glean 75% WP

Structural formula

N OMe‘

/73 -SO,NH-C-NH </ ‘EN
\::“ o _N:: - Me
Empirical formula ~ :  C_,H, CIN,O,S
Molecular weight : | - 357.8
Melting point : 174-178°C
Solubility : Inwater at 25°C, 27.9 g I at pH 7.0

Metsulfuron-methyl: It is also"one of the members of the
sulfonylurea group of herbicides an_d‘ is having great hotentiai to be used
for selective control of anmialﬂ brbad leaf weeds in cereals like wheat,
barley, oats, etc. (Beyer et al., 1988). It exhibits high soil activity at extra-
ordinérily low rates of application and gives residual weed control with

the doses in the range of 5-20 g a.i./ha.
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Chemical name : {methyl 2-[[[[(4—meth0xy-6-methyl-1, 3, 5-
triazin-2-yl) amino] carbonyl] amino]
sulfonyl]benzoate}
Trade name : Ally, Allie, Gropper, Escort,

Ally-20%, Algrip (20% WP)

| —COH N OMe
Structural formula : N —SO,NHCONH QN
: \ / | N e
’Empirical formula : | C, 4HISANZO6S
Molecular weight . - 381.37
Melting point | L 158°C
Solubility : . In water at 25A°C, 9.5gltatpH 7.0.

 Isoproturon: it‘is most commonly used substituted urea herbicide
in India ih wheaf cfob. Itis widely uscd as‘vpo‘st“-émergence against annual
grasses like Phalafis minor and Avena spp. It controis some common broad
leaf weeds as well. | | |
Chemical name : [N-N-dimethyl-N-1(3 -iso_prophyl).phenyl urea]
Tradename  :  Arelon 75 Wf; Nocilon 50 WP, Ronak 50 WP

Graminon 50 WP

CH, H O CH,
Structural formula: | I R | ' /

HC Y- N- C - N

el )=

CH CH,

Empirical formula:  C_H,N,0



28

Molecular weight : 206.29
Melting point 151-153°C
Solubility : In water at 20°C, 70 ml 1"! readily soluble in

organic solvents
Metribuzin: I* ié a broad spectrum herbicide especially notable for
its poweffill action against both grass and broad-leaved weeds. It acts
orﬂy through the roots as a soil applied herbicide. But varietal tolerances
in wheat to metribuzin are variable.
Chemical name [4 amino-6 (1, 1-dimefhyl‘ethyl)-f»l-(methylthio)-

1, .2,4-triaziné5 (4H)-one

Tradf; name - Sencor 70% WP

. ’ o
Structural formula : {(CH), C N- -NH,

| N S -CH, |
N

Empirical formula : CH,, N,O,

Molecular weight : 214,29

Melting point ~ :  120-1 25°C

Solubility In water at 20°C, 122 mg/100 g.‘ In xylene 11.3,

ethanol 24.0, methylene chloride 33.3 and
methanol 45.6 (all in g/100 g at 20°C).
3.2.1.2 Cultural operations

| The details of all the field operations followed from preparatory
tillage to harvesting during rabi (wheat) and kharif (sorghum) season in both

the years of experimentation are given in chronological order in Table 5.



Table 5. ‘Details of field operations

Operation Date
1996-97 1997-98
1 Presowing irrigation 21.11.96 8.11.97
2  Preparatory tillage
a) Ploughing 2.12.96  15.11.97
b) Discing and levelling 3.12.96  16.11.97
3 Layout ' 5.12.96  17.11.97
4  Soil sampling (composite) 5.12.96  17.11.97
5 Sowing 6.12.96  19.11.97
6  Fertilizer application
a) Basal 6.12.96 19.11.97
b) Top dressing (N only) 27.12.96 9.12.97
7  Thinning 15.12.96  31.12.97
8  Herbicide spraying 6.1.97 19.12.97
9 Irrigation :
First 27.12.96 10.12.97
Second 22.1:97 ~ 2.1.98
Third 13.2.97 . 22.1.98
Fourth - 4.3.97 15.2.98
Fifth : 24.3.97 10.3.98
10 Hand weeding treatment (in weed free plots)
First - 51.97 18.12.97
Second 6.2.97 17.1.98
Thrid 7.3.97 19.2.98
11  Sampling (observations)
First * 6.1.97 19.12.97
Second 5.2.97 18.1.98
Third 7.3.97 17.2.98
Fourth 7.4.97 20.3.98
Fifth 29.4.97 25.4.98
12 Harvesting 29.4.97 25.4.98
13 Field bioassay study ,
Cbservations on kharif season weeds - 12.7.98
14 Sowing of sorghum ' 10.7.97 15.7.98
1) Sampling  First 30.7.97 5.8.98
| Second 19.8.97  25.8.98
Third 30.9.97 4.10.98
ii) Harvesting 30.9.97 . 4.10.98
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3.2.1.2.1 Field operation

The field was ploughed and tilth w¢ll. A pre-sowing irrigatio‘n was.
given before the lahd was finally preparéd by giving thrée disc harrowing
followed by planking. After harvesting of wheat, the field was prepared
wit_h the help of ﬁower tiller for sowing of sorghum (fodder) without
disturbing thé original layout.
3.2.1.2.2 Fertilizer épplication

Recommended doses of nitrogen and phosphdrus’ were given to
wheat and its succeeding crop (sorghum) separately in the form of urea
and diammonium phosphate. Half of the recommended nitrogen was
applied as basal dose and remaining half was top drgssed into two equal
splits in both crops.
3.2.1.2.3 Seeds and sowing

Clean seed of wheat cultivar IiWown with the help of
tractor driven seed-cum-fertilizer drill, which was calibrated for the
recommended seed rate of 100 kg ha'! and adjusted for the As.pacing of22.5
cm between rows prior to sowing. Whereas’,sowing of sorghum (Cv. JS-
20) was done with the help of desi plough at arow spacing of 45 cm. |
3.2.1.2.4 Irrigation | B

Adequate irrigation at all the critical ‘physiological‘stages of wheat
was applied. While in sorghum three irrigatioxi in total were given besides

rainfall to meet the normal growth.
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3.2.1.2.5 Herbicide spraying

All the herbicides Were applied at 30 days after }sowing (DAS) of.
wheat, with the help of a knapsack sprayer fitted with flat fan nozzle with
a spray volume of 600 1 ha™.

3.2.1.2.6 Manual weeding

No weeds were allowed to grow.in weed frée treatment in wheat
while in sorghum weed free situation was maintained in all plots till harvest
by hand weeding.
3.2.1.2.7 Harvesting and threshing

The wheat crop in the net plot area was harvested on April 29,
1997 and or April 25, 1998 using a sickle and left in the field for a week
for sundrying. The crop was threshed plotwise with the help of minithresher
- for recording the grain yield. Harvesting of sorghum was done by cutting
~the entire plant with the help of sickle. |
3.2.1.3 OBSERVATIONS RECORDED
Wheat crop
3.2.1.3.1 Observations on weeds

Weed population count and weed samples for dry matter production
~were taken to assess the effect of Various treatments on weeds growth.
(a) Weed population

An area of 0.50 m? was selected randomly for recording species
wise weed populatioﬁ count by throwing a metallic qﬁadrateof size 0.5 m‘
7 .x.O.S m at two‘: places at 30, 60,  90, 120 DAS and at harvest and was

.expressed\“qn square metre basis (No. m?). The data thus obtained were |
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transformed (M) as wide variations existed among the treatments
‘before statistical analysis.
(b) Weed dry matter

Weeds collected from 0.5 m? area were first sundried and then in an
electric oven at 70°C till the constant weight Was achieved. The total dry
weight was recorded at'60, 90, 120 DAS and at harvest and expressed as
gm?,
3.2.1.3.2 Observations on crop

A number of observation on crop were taken at different crop stages
during both the years of study. |

(a) Plant population: Plant population pef metre row length (No.
| | m™) was recorded from two different rows in each plot at 20 DAS.

(b) Plant height: The he‘ight of wheat plant (ém) measured from
the base of plant to the tip of the Ia'st'fully opened leaf was recorded at
30, 60, 90, 120 DAS and at harvest and e‘xpre;sed in centimetre. Plant
height at harvest was measured from the base level to the upper portion of
the spike. The average of five plants was taken for analysis. |

(c) Dry matter production: The samples for dry matter production
were taken per metre row length leaving two border rows. These samples
were drie‘d under the sun before putting in ém oven at 70°C till the constant
weight was attained. After complete drying, each sample weight was
recorded and expressed as gram per metre row length (g m™). |

| (d) Number of tillers : The total number of tillers ﬁer metre row

length (No. m) were recorded at 30, 60, 90 and 120 DAS from two
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randomly selected rows in each plotleaving border rows. The total number
of ear bearing tiHers per metre row length were recorded randomly from
two places from each plots at‘harvvest as effective tillers. Average of two
counts was taken for statistical analysis.

(e) Length of spike: Length from the point of attachment of the
lower most primary rachis to the tip of panicle of ten spikes collected -
r_andomly from each plot was measured and the average length per spike
was calculated (cm).

(f) Grains per earhead: Grains from 10 randomly selected earheads
were separated, threshed, cleaned and counted and average was taken.

(g) 1090-grain weight: Grains were drawn randomly from the total
produce of each net plot and 1000-grain were rcounted mechanically by a
seed countgf and their weight was recorded iﬁ gram.

(h) Crop yield:' After harvesting, the total biomass produced from
- each net plot w_as.,driéd well and then weighed and expressed in q ha™.
Threshing was done by minithresher and the grains were separated,
cléaned, dried and then weighed and final grain yield was eﬁcpressed inq
hal. The straw yield (q ha?) 'w‘as obtained by substracting the grain yield
from the total biomass of wheat, |

B (i) Harvest index (HI): | It’ was expressed as the raiio of grain yield
to total biological yield.

- Economic yield ‘
x 100

Harvest index (%) =
- : Biological yield
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3.2.1.4 Chemical analysis
NPK content and Vupt'ake by wheat crop: The samples taken for
dry matter and grain yield were grinded in a Willey fnill and passed through
0.5 mm mesh sieve. Grain and straw samples weighing 0.2 g and 0.5 g
each, respectively were used for determination of N, P ard K content.
(a) Nitrogen content: ~ Nitrogen content (%) in grain and straw
~ samples of wheat was determined by Nessler's reagent as described by
Jackson (1967).

(b) Phosphorus content: Phosphorus content (%) in grain and plant

samples was estimated by Vanado mdlybdophosphoric yellow colour
[vmethod. The intensity of yellow coiour developed was measured at 440
nm ‘wave length using Spectronic-20 (Jackson, 1967).

(c) Potassium content: K content in grain and plant samples was
determined by'uéfﬁg"ﬂ'ame ‘photOmeterkas per method given by Jackson
(1967).

(d) N, P and K uptake: NPK uptak¢ by érop straw and grain were

- calculated by multi;ﬂying dry matter with corresponding values of their

éontent and wefc expressed as kg ha™. |

3.2.1.5 RESIDUAL STUDIES IN FIELD (FIELD BIOASSAY)

3.2.i’.5.1 Observations on weed flora before aning of test crop
Presence or absence of weeds in-herbicide treated plots gives the

‘idea about its residual soil activity which influences directly the resurgence

of new flushes of weeds and su;:ceediri‘g crops grown in rotation. To see

the residual effect of herbicides applied in wheat on kharif season weeds
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if any, population (No. m%) and weed dry matter (g m?) of two namely
Trianthema portulacastrum (san.thi) and Echinochloa colonum Link "
(samak) occurring in diffgrent intensity were recorded during 1997-98
before sowing of the sorghurﬁ crop. In 1996-—97, entire field was uniformly
infested with all weeds irrespective ‘of dose, herbicide and combi‘nations.
Therefore, data were not i'ecorded in the first year of experimentation.

Data on population (No. m?) and dry weight (g m?) of 7. portulacastrum

were subjected to Vx + 0.5 transformation. Whereas the data of E. colonum
were used in original for statistical analysis.
3.2.1.5.2 Observations en test crop

After taking observations on weeds, each experimental plot was
prepared individually by power tiller in the same layout. Then after a
field bioassay was carried by planting sorghum in the mo'nth of July durﬁng
both the years. | |

In order to see residual effect alone on growth of sorghum, no weed .
was allowed to grow iu the e);periniental plots after sowing sorghum crop
‘and following observations with respect to sorghum growth we.re taken.

(a) Plant population: Plant populaﬁon per metre row length was
recorded from two different rows-in each plot at 20, 40 and 80 days after
sowing (DAS) and their average was taken for analysis purpose (No. m™).

| (b) Plant height: The plant height from the base ievel to the tip of

the younger leaf of 10 randomly selected plants was measured at 20, 40
and 80 DAS and expressed as plant héight in centimetre per 'i)lant.

| (c) Fresh weight: Plant samples were taken from per metre row
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iength leaving two border rows cutting frcm the base at 20, 40 and 80
DAS. These samples were weighted immediately for recording their fresh
weight (g m™).

(d) Dry Weight: Plant éamples collected for fresh weight were dried
under sun and then kept in oven at 70°C till the constant weight was
achieved. After complete drying, their final weight was recorded and
expressed in ‘gram per metre row length (g m");

(e) Fodder yield: After harvesting, the total produce from each net
plot was weighed immediately and expressed the green fodder yield in
q hat. |
CHEMICAL ANALYSIS

In view to study the effect of residues on fodder quality of sorghum,
following parameters were estimated at 40 DAS during 1997-98.

(a) Protein content | | |

 The protein content of sorghum piant’s at 40 DAS was estimated by
the conventional micro-Kjeldahl's method (AOAC, 1995).
Reagents

{)  40% NaOH

(i) N/100 H,SO,

(iii) N/100 NaOH

(iv) Conc. H,SO,

iMeﬁmd: One hundred milligrams of dried plant sample was
weighted and transferred to 50 ml Kjeldahl's digestion ﬂask. :About 1gof

potassium sulphate and 0.1-0.2 g of crystalline copper sulphate was next
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added followed by 10 ml bf concentrated sulphuric acid. The flask was
then kept in an inclined bosition on the burner in the digestion chamber
and heated gently till the solution became transparent giving a bluish green
‘colour. After cooling, the contents of the flask was mixed with distilled
Water, cooled, transferred to a 100 ml volumetric flask and volume was
made upto the mark with distilled water. Ten ml of this solution was taken
for distillation and distilled after adding 10 ml of 40% NaOH. The liberated
ammonia Was absorbed in 10 ml of N/100 sulphuric acid éontaining one
or two drops of methyl red indicator. The amount of ammbnia absorbed
by N/100 sulphuric acid was detenﬁincd by titrating it with N/100 sodium
hydroxide. A blank was also run under similar conditions. The percentage
of nitrogen was calculated from N/ 100 H,SO, used. |
-1 mlof N/l‘OO sto; = 0.00014 g of nitrogen

The prbtein content was then calculated by multiplying »N% by -
brotein factor of 6.25. | |
(b) Tannin conteht

Tanniﬁ content was estimated as catechin cquivalént by Vaﬁillin-

hydrochloric acid method of Burns (1971).
Reag‘en}ts | |

(i) 8% HCI in methanol

(ii) 4% Vanillin in methanol

(1ii) Vaniliin: HCI reagent: Prepared by mixing equal volume 6f

solution (i) and (ii) at the time of use.
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Method: Two hundred milligrams of dried plant sample was taken
in a 50 ml test tube and 25 ml of inethanol was added to it. 'fhe tubes were
fitted with pith corks. The conteﬁts of the tubes were shaken occasionallv
and allowed to stand overnight at 25 to 32°C. One ml of clear éupernatant
was then pipetted in a test tube ‘and 5 ml of Vanillin-HCI reagent was
added to it. The absorbance of brownish colour so pfoduced was measured
at 525 nm’ after 25 minute on a Spectronic 20 colorimeter‘.‘ A blank
containing methanol was also run simultaneously. A standard curve of
catechin was prepared simultaneously in order to calculate the amount of
tannin content.

In vitro dry matter digestibility (IVDMD)

In vitro dry matter was determined by the method of Tilley{and
~ Terry (1963) as modified by Barnes et al. (1971), |
Reagents |
i) Mc DoUgall's buffer solution

| (a) Solution No. 1: Plrepared by dissolving 3.7 g anhydrous
Na,HPO, and 9.8 g NaHCO, in one litre qf distilled water at 39°C.

(b) Solution No. 2: This soluﬁon was prepared by dissolving
4.7gNaCl, 5.7gKCl, 0.4 g CaCI'z"énd 0.6 g MgCl, in 100 ml of distilled
water. |

The buffer solution was prepared by mixing 10 ml of solution No.
2 to one litre of solution No. 1 and CO, was allowed to pass's‘lowly through
it till pH became 6.8-6.9. | o

(ii)  Pepsin (1:3000 units)



(ii1) 6 N NCI
(iv) Inoculant: The rumen fluid for inoculation was obtained from the.
fistulated young cal\;es maintained on‘a constant ration. Rumen liguor
was removed from the animals with the help of a suction strainer, storzd
in a thermoflask at 39°C and brought to the laboratory for immediate use.
| After thorough mixing, the rumen fluid was strained fhrough several lavers
of fine muslin‘ cloth to remo'_ve large particles.

Method: To 250 mg dried plant‘ material, added 20 ml of
Mc Dougall's buffer solution in a 50 ml tube fitted with a gas release
~valve. Then 5 ml of rumen fluid was added to each tube which éerved as
inoculum. Carbon dioxide was passed ov-er the surface of the tube conients
for about 2 min. Tubes were stoppered immédiately and inc:'ubated at39°C
for 48 h. The tubes were swirled gently during incubation period to Suspend
the substrate. After 48 ‘h, 0.1 g‘of pepsin and 2 ml of 6 N HCI were added
to each tube and mixed thbroughl_y. The tubes were incubated for an
additional 48 h and filtered through tared Wﬁatman No. 4 filter paper
using a funnel. The tubes weré rinsed four times with hot rydistill_ed wafer
(90-100°C). The residue on the filter pap‘ér was dried in an oven at 100°C
- for over night and its weight was taken again. Suitable‘ blanks with buffer
solution and rumen fluid wére run s}multaneously. In vitro dry matter
di gegtibility was calculated by substracting the weight of the residue from
the original weight of the sample.
3.2.1.6 STATISTICAL ANALYSIS

The data presented in this,‘thésis are mean values. All the

observations were statistically analysed by using the statistical methods
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described under the randomized block design by Panse and Sukhatme
(1985). In order ‘to see the significance of treatment effect they were.
subjected to the statistical analysis by “analysis of variance” technique
(Fisher, 1958). The significant treatment effect was judged with the help
of 'F' test at 5 per cent level of significance. To judge the difference between
‘means of two treatment effects, the critical difference (C.D.) was worked

out by the following formula;

2E
"C.D. = - Xt
N r
Where,
E = The error variance
r = The number of replication of the factor for which C.D.
is to be calculated
ty, = Table value of 't' at 5 pér cent level of significance at

error degree of freedom

3.2.2 EXPERIMENT-II: Bioefficacy and selectivity of snlfonylui'éa

herbicides against important weeds in wheat
and their residual effect on mungbean and
sorghum succeeding crops (Pot culture)

This e%periment was planned to confirm the results observed in field
in connection of efficacy and selectivity of chlorsulfuron, metsulfuron-
metyl and metribuzin at different doses against important weed flora of
wheat. This experiment was planned for one year (1997-98).
3.2.2.1 Soil analysis -.

~ The scil used in the pot culture experiment was brought from the
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field where no herbicide was used to avoid any possibility of adsorption
and persistence of past applied herbicidé; The details of analysis of so1l.
are given in Table 2. |
3.2.2.2 Pot preparation, sowing, thinning and herbicide application

Earthen pots of 5 kg capacity were used for this experiment. Soil
and well rotten farm yard manure were mixed in the ratio of 6:1 by volume
after passing it through 2 mm sieve. Pots were watered to settle the sbﬂ
before sowing. The experiment was conducted in a compleiely randomized
design. Twenty seeds of each weed species were s}own in each pot. After
emergence, thinning was done and ten plants per pot were maintained.
Herbicides were sprayed at 30 DAS with kanpsack sprayer fitted with flat
fan nozzle at a pressure of 4..5 kg cm2. The spraying was done to 10.0 m?
area using 600 litre of water ha''. Pots were irrigated at regular intervals.
3.2.2.3 Tre_afment details

The experiment was laid out in ’completely randomized ’block design.
Twelve treatments co'mpr'ising three herbicides namely chlorsulfufon,
metsulfuron-methyl and rhetri_buzin at different doseswex"e' applied at 30
DAS to each weed species grown in pots- (Table 6). Each treatment wﬁs’
replicated three times. Samc treatments were also applied on wheat crop
to observe the tolerance of wheat crop against applied herbicides.
3.2.2.4 Observations and (iata analysis |

Average plant height (cm) and average number of green leaves per
plant were recorded before and after 3 weeks (21 days after herbicide

spray) of herbicide spray only in case of wheat, wild oat and canary grass.



Table 6. Details of treatments of experiment-II

Sr.No. Treatments - | - Dose
(g a.i. ha')

1 Untréated (control) : | -

2 Chlorsulfuron (CHL.) | 5 g hat

3 Chlorsulfuron (CHL.) | 10 g ha?

4 Chlorsulfuron (CHL.) | 20 g ha'
-5 Chlorsulfuron (CHL.) | 40 g ha'!

6  Metsulfuron-methyl (M.M.) lg hat

7 ~ Metsulfuron-methyl (M.M.) | 2 g hal |

8 ‘Metsulfuron-methyl (M.M.) 4 g ha!

9 Metribuzin (M) | 25 g ha'
10 Metribuzin (M) | | 50 g ha'!
11 - Metribuzin (M) , o 100 g hé“
12 © Metribuzin (M) . . 200 g ha!

Time of application: All herbicides were applied at 30 days after sowing (DAS)
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While the average fresh and dry weight (g plant™) were recorded for all
the weed species including wheat plant after 21 days of herbicide
application. The weight of each spe‘ciesl (either weed or wheat) recorded
immediately after their removal from pot was expressed as their fresh
weight (g plant'). The samples taken for fresh weight were oven dried at
70°C till the constant weight achieved and recorded their dry weight in
gram per plant. Per cent mortality was also recorded on a 0 to 100 s‘caie (0
for no control and 100 for complete control) for all weed species and
‘wheat grown in pots. The zero value and 100 value in each weed (or wheat)
species were replaced by 0.025 and 99.975, respectively before subjecting
to arcsin ,’transformation (sin"'Vx) for the statistical analysis of per cent
mortality. In‘some herbicide treatments (e.g. metribuzin) plant height and
number of green leaves per plant were taken as 0 (zero) because plants
were completely dried after treatment. In order to compare the effect of
other herbicide treatments bn height and number of green l’eaves, these 0
values were replaced by 0.5 before subjecting square root transformation
(Vx+0.3).
3.3.2.5 Bioassay studies in bot experiment

Sorghum and mungbean are reported to be sénsitive to chlorsulfuron,
metsuliuron-methyl ard metribuzin. These two crops were growﬁ as test
crops in the same earthen pots where herbicides were appiied to wheat
and weéd Sp_ecies'after six months of spraying herbicides. Ten seeds were
sown per pot for mungbean and 20 seeds per pot for sorghum. All the
observations were taken on these plants as given below. The »observaticvns

were recorded at 21 DAS.
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Observations recorded

Germination percentage, average plant height (cm), number of green:
leaves per plant, fresh weight per plant and dry weight per plant (g) were
recorded at 21 DAS in both the crops.

Germination count of both the test crop were expressed in per cent
germination and then subjected to arcsin transformation after replacing 0
and 100 value by 0 + 1/4n and 100 - 1/4n, respectively, n is the number of
plants from which observations were made. Leaf area (cm?) per plant of
- mungbean was also recorded at the same time on dry weight basis.
Chemical analysis | | |

Protein content, tannin content, in vitro dry matter~digestibility Were
estimated in sorghum at 21 DAS and HCN (ppm) at’ 40 days to see the
| éffect of herbicide residues on'palafabilify of sorgh‘um‘ plants grown in
pots. | | |

HCN content
Th¢ HCN content was determined by the picric écid method of Ho gg
and Ahlgren (1942).
Reagents
(1)  Alkaline picrate solution : Dissolve 25 g of sodium »c’arbonat_e and 5
g of picric acid in one litre distilled water,
(ii) Chloroform: The samples of analysis of HCN were taken from the
portion of the tiller immediately below the upper most leaf collar.
'VTra‘nsferred 0.2 g chopped green plant material to test tube (2.5 cm x .'20

cm), then added 3-4 drops of chloroform and suspended a strip of moist
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Whatman No. 1 filter paper (15.5 cm x 1.7 cm) saturated with sodium
picrate solution. The saturated filter paper strip was held in place with a.
cork stopper which was used to seal the test tube. The incubation was
carried out at room temperature for 24 ﬁ.’The sodium picrate present on
tﬁe filter paper was reduced in the presence of HCN. After 24 h, the paper
strip was removed and colour was eluted in 10 ml of distilled water. The
absorbance of the colour wag measured at 515 nm against a reagent blank
treated in the same manner as the plant sample. The amount of HCN in
ppm on dry w¢ight basis was calculated by calibrating the absorbance

with KCM (5-40 ppm) in water as standard (Gilchrist ef al., 1967).



CHAPTER - 4

EXPERIMENTAL RESULTS

The data generated from the investigation entitled “Evaluation of
sulfohylurea herbicides for weed control in wheat (Triticum aestivum)”
during 1996-97 and 1997-98 are presented and described here in

appropriate tables and figures after having them statistically analysed.

4.1 EXPERIMENT-I: Effect of sulfonylurea herbicides applied alone
and in combination with metribuzin on weed
control in wheat and their residual effect on
growth and quality of sorghum succeeding crop
- | (Field experiment) '
WEED STUDIES -
- 4.1.1 WEED FLORA
The experimental field was infested with the following weeds in
order of their density.

Table 7. Relative composition of different weed species

- Botanical name Local name. Weed density (%)
: 1996-97 1997-98

Coronopus didymus L. Pithpapra 70.59 59.43
Chenopodium album L. Bathu - 10.99 04.53
Melilotus indica L. Senji 07.42 . 04.53
Phalaris minor Retz. - Kanki 05.37  13.77
S (Wild canary grass) ’
Anagallis arversisL. Krishan Neel 05.62 12.45

Cirsium arvense (L.) Scop.  Kateli SR 05.28
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Infestation of Cirsium arvense waé observed in the second year
experimental field as it‘s infeétatioh was 1ot seen in the first year.
expe‘rimental field. |
4.1.1.1 Weed density

Species-wise data and total weed population (No. m?) at 3(}, 60,
90, 120 DAS and at harvest are presentedin Tables. Before application of
herbicidés, weed count was taken at 30 DAS in view to observe density
(infestation) and distribution of weed flora in the experimental field.

(a)  Coronopus didymus L

All the weed control treatments’résulted in a significant reduction
in the population of Coronopus didymus as compared to weedy check in
both the years (Table 8). Amongst herbicidal treatments, metribuzin (400
g ha) recorded the highest reduction in the pcpulation during both the
years. However,‘ from 60 days onWards, chlorsulfuron 30 g ha' and
chlorsulfuron + metribuzin (15 + 200 g ha') were similar in performance
“at all the dates.

In sulfonylurea herbicides, chlorsulfuron 30 g ha! recorded complete
control of this weed at 90 DAS onward,h’x béth the years. However,
metsulfuron 8 g ha’, metribu‘zinr 200 g ﬁa“, metsulfuron + metribuzin
(2+200 g ha?) and chlorsulfuron + metribuzin‘(lS + 100 g ha'!) were similar
to chlorsulfuron (30 g ha'') at harvest during both the years. Metsulfuron
+isoproturon (2+500 g ha') and‘metsulfuron (4 gha'') gave a poor control
of the weed. While isoproturon (1000 g ha“) and its combi_nation with

chlorsulfuron were average in performance.
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(b) Chenopodium album L.

All treatments except metsulfuron (4 g ha') and its tank mixture
with isoproturon (2+300 g ha'') at harvest in 1996-97, caused significant
reduction in the population of Chenopodium album over weedy check, in
both the years at all stages of crop growth (Table 9). Metribuzin (200 and
400 g ha'), chlorsulfuron (30 g ha''), chlorsulfuron + metribuzin (15+200
and 15 + 100 g ha'), chlorsulfuron + isoproturon (15 + 500 g ha’!),
metsulfuron (8 g ha') and its combination at the lowest dose with
metribuzin caused complete control of this weed during both the years.
However, chlorsulfuron 15 g ha'! and metsulfuron (4 g ha') performed
similar to above treatments in the second year of experimentation.

(¢) Melilotus indica L.

Data pfesented in Table 10 reveal that the Melilotus indica was
| suécessfﬁlly controlled by all weed control treatments exce:pt metsulfuron |
+ isoprofuron (2+500 g) in 1997-98. Complete control of thi»s weed at 60
DAS onward was recorded in those plots which were treated with
chlorsulfﬁron (30 g), metsulfuron (8 g), metribuzin (200 and 400 g ha'')
alone and in combination with metsulfuron (2 + 200 g ha!) and
chlorsulfuron (15+ 200 g ha!'). However, at 90 DAS onward all herbicidal
treatments except metsulfuron + isoproturon (2 + 500 g ha™), isvoproturon
(1000 g ha') and metsulfuron (4 g ha') were found at paf in performance
with weed free condition in both the years.

(d)  Phalaris minor Retz.

Data presented in Table 11 revealé,d that all weed control treatments

except metsulfuron 4 g ha! '!a’t 90 DAS onward and its combination with
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isoproturon at 120 DAS onward in 1996-97, caused significant reduction
in the population of canarsz grass as comparéd to wéedy check during both:
the ycars. Among herbicide treatrﬁents, metribuzin 400 g ha! resulted the

lowest population of Phalaris minor 60 DAS onward during both the years,

however, its performance was similar to chl‘orsulfuron' 30 g ha!, metribuzin

200 g ha?! alone_ and its combination with metsulfuron (2 + 200 and 2 +
100 g ha'') and chlorsulfuron (15 + 100 and 15 + 260 g ha') on subsequent

days of observation in 1996-97. While in 1997-98, metribuzin 400 g ha’

alone proved signiﬁcantly sﬁperior in controlling P. miror over rest of
the treatments. Metsulfuron (8 g ha!) and isoproturon (1000 g ha') were

medium 1n controlling P. minor in both the years. Whilc chlorsulfuron

(30 g ha'), metribuzin (200. g ha") and its combination with metsulfuron

(2 +200 and 2 + 100 g ha') and chlorsulfuron (15 + 200 énd 15+100 g

ha‘lr) were better in both the years of expérimentation.

Amongst sulfonylurea herbicides, chlorsulfuron 30 g and
metsulfuron (8 g ha') treatments recorded significantly lower P. minor
population which were at par with isoproturon (1‘(,)00 g ha!), metribuzin
(200 g ha™') and its tank mixtures with metsulfuron (2 +200 and2+100 g
ha) and chlorsulfuron (15 +200 and 15+ 100 g ha'). While chlorsulfuron
(15 gha'), metsulfuron (4g ha?) and their tank mixtures wifh isoproturon
(500 g ha') ga?e a poor control of this weed. Population of P. minor was
recorded higher in metsulfuron (4 g‘ha“‘) treated plots 90 DAS onward in

1996-97.
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(e) Anagalis arvensis L.

All the weed control treatments except metsulfuron + isoproturon
at harvest in 1996-97, caused significant‘reduction in tho popolation of
Aragalis arvensis as compared to weedy check at all stages during both
the years (Table 12 ). Amongst herbicide treatments, isoproturon (1000
g ha'), metéulfuron'+ is;oproturon (2+500 g ha') and metsulfuron (4
g ha!) were comparatively less effective in controlling this weed, in both
tho years. While other herbicidal treatments provided its complete control
at 60 DAS. |
(f)  Cirsium arvense (L.) Scop. |

Data prcsonted in Table '1‘3 indicated that herbicide treatments did
not exhibit their effects on Cz'i‘s‘iu#z arvense at 60 DAS as there was incregise
in its population under all herbicidal treatments at 60 DAS. However,
there was Signiﬁcant reduction in its population at ‘90' DAS onward in all
herbicidal treated plots.

The magnitude of reduction in its population Wgs tﬁe highest in
metsulfuron (8 g ha) treated plots closely followed by metribuzin (200
A.and 400 g ha'), chlorsulfuron (30 g ha'), _c’hlorsulfuron + metribuzin (15 i
+ 200 and 15 + 100 g ha™), metsulfuron (4 g ha) alone and its Cmﬁbinaﬁon
with metribuzin (2+200 and 2 + 1<00 g ha'). Whereas, chlorsulfuron (15
g ha), isoproturon (1000 g ha*) alone and its tank mixture at -ioWCr dose
with metsulfuron (2 g ha' ) and chlorsuifuron (15 ¢ ha“;) provided.poof |

control of this weed over rest of the herbicide treatments.
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(g) Total weed populaﬁon

~Data presented in Table 14 and depicted in Fig. 4 and 5 reveal that
total population of weeds per square metre varied significantly due to
herbicide treatments compared to weedy check af all the growth stages
except at 30 DAS (before herbicide application) in both the seasons.

In herbicide treatments, metribuzin (400 g ha™) caused si gnificantly
the highest reduction in total weed population at all the stages in both the
years (Plate 1). However, its performance in first year was found at par
w1tn chlorsulfuron (30 g ha'), metribﬁzin (200 g ha') alone and tank
mixture of metribuzin with Ir{xetsul}furon (2 +200 and 2 + 100 g ha') and
chlorsulfuron (15 + 200 and 15 + 100 g ha'!) from 60 DAS onwards, except
metsulfuron + ﬁxetribuzin (2+100g ha") and chlorsulfuron + metribuzin
(15 +100 g ha) at 60 and 90 DAS. While in 1‘997-9v8, chlorsulfuron 30 g
ha'!, metsulfuron {8 g ha'l), metribuzin (200 g ha') and tank mixiure of
metribuzin with metsulfuron (except 2_+. 100 g ha! at 60 and 120 DAS)
and‘ chlorsulfuron were found si gnificantly superior ‘in reducing total weed
count over r;:st of the treatments.

Minimum rcductibn in the total weed populatibn was recorded in
metsulfuron (4 g ha™') and metsulfuron +isoproturon (2 +500 g ha'!) treated
plots. However, chlorsulfuron (15 g}ha"), isoproturon (1060 g ha'') alone
and their tank mixture at 15 + 500 g ha! were comparatively less effective
in reduéing total weed population (count) in both the years.

‘ 4.1.1:.2 Dry ‘weight of weeds |
- Data presented in Table 15 and dgpicted in Fig. 6 cicé.rly indicate

that total dry matter accumulation of complex weed flora decreased



ymmoub jo sabels juaseyip 1e

Jeaym Ul uolieindod pesm [0} UO SjUBLWIBaI] [OLUOD Pasm Jo 108lg  tbiy

sjuswiesl]

] v."” o
BN
N
MY 4l os
"N
=
or 8
00l 2
©
(o)
]
£
ost B
=
e |
z
00c -
3
D
L6-966} -
, ose
Hmm>m<1@ M<DONPE m.<Domm_ sSvd O@g SVQ 0L

oog



LtSC._C,_ $U SYLES UDIDHIP e jeoym
Ul co_ym,_:QOQ Pa8M |elo] Uo siusuwileal} |OJJU0D paam JO 10844 m.mE

sjuswieas|

oo,%/
&u,y 5 : )
N
ONE °
xnm
VA‘ .
xum
N
\E
XN“ 001
VA .
wﬁ
Nw =
; D
\E 5
N 002 3
N
NE =
/ m.
H 3
uk 00e =
N 5
B 2
.
N 86-/661 0oV
i LSINYVYH[X] SYAozt[J] SVA06{T] SVa 09[7] Sva o
00¢




- "soneA [eurduo sue sesoqjuared w1 sa1a81 UonRULIO}SURI) S"0+X\ 0 parsalqns ere

670 LD 90 0 90 090 Lvo £5°0 - %S 1B AD
10 o1 10 Y10 20 120 910 81'0 - @ugs
OOOILY WML (OOILD oo0Lo o010 00O01L0 000)1L0 ©0oIL0 - (010) A ©o0I1L0 291 POOM °S)
(€ETFDIE T (9681H8KOT (99'956)0681 (OFZOI08T  (LOOLDIEEl  (£0IDESOl  (€€LO1S6T  (00TSDSST (€c0£0TST  (EE0EDHTT 3j09y0 ApOoM °H
. V (300s-+s1)uormord
(coLDsTy  (beTOBLY (9T1OILY  (€€TEN9S  (oeoDI8Tl  oeDoLe  (E€TDWE  (epsse Q91D (00601)SH Ol ~OSH-UOMJSIONE) €]
o . (3005+z)uormor
(€ct9)s08  (OT+0T6 (©1ID9S01 (890EDSHIT  (PESLIOTEl  (00LSSS'L (cesuiLs (eTess  oeLIe (LosTDvi'll -dosiruomynsispy 7]
ccmLro  (osoIste (esodeys  (szzdore  (00eoDeLl  (00ENLYE (cownsiy  (oodzst  (oesd (0o¥zDOITl Spoo1 vomedosy )
| (Booz+STuEnquIow
woosrt (998Kt GroDere  (LOLDOTY  (LoEoDIsTI ©o0IL0 (0oDzet (onzztr - oo (ecerneool +UCIYSIOND) O]
, ) : (3001+ST) uEzNqUPW
Goodost  opwT (seLe (€009t  (LosINdesTl (oo01L0 (ooneet (X9 rd oottt GoTIDIgor +UOIYNSIONY) 6
| | - | (8001+7) vznqupnu
(Lo9sor  (o1Dece (osre  (0oLTHTs  (0091)98TI ©oOIL0 (ooner wonee oeere (OoTIN9S oI +UCIYSION g
| (8007+7) urnqusous
(et GENwT eonsce 0Tty (L9996l (oom1L0 oozt (oonet worrt (€C1ID9sor +UOIYMSIOP
@ober  (ee9ror (oorze  @SeDyy  ©OLIDPeTI (L9080 L9080l (e£D891 ooroe (00TZDOTI - Sog vormymsIoy) g
eerDsge  ©oLnsly oTOILY  QWrzows  (0098Ds9el  (LISDZoY oenioe  GevDsge  (088DOvy (T0STDLLOI g1 womymsiony) g
(001 TC1 LoosL1  (€£99%61 ot  GrLsnLstl 0001L0 ©oonLo oonzt wonsLT (ec61s60l S0 mznquo 1
Gerors 09T WIDere  OID9Y  (00LSISSTI (c001L0 (oot (EETVRYT @onrre (0TID9S0l  Spozwznqud ¢
oopzir  @rostt (ceewte:  L99DITS  (9ISLILTET Woniee (o6t OTD6cE  (BIENLLE (00FINOLOI S8 voIymslp 7
woerno9  09)TsL (69908L'8 (99066  (PISLDSTEl  (00'98)TS'L be9srs  (0VILY9  (bESKE69 (99STDLLOI  Spuomymsioy |
1S3ATRL al 06 09 0f 159418 0zl 06 09 € Siuounesi],
——— (Suumos o358 she(y) (Suimos 1oy3e she)
Cee it 86-L661 169661
e\

{1A043 30 5938)S JUIIPNP I8 (.U *ON v uonendod Po9AM 803 UO SJUSUIEII) Y] JO WA pIIquL



“senyeA [ew1guo are sasoyjusred ul somSL "UOTIBULIOJSUBI) §"0+XA O3 Paoslqus e

LEO €90 0v'0 6v0 SE0 150 €60 Lzo %S aAD
€10 wo v Lo 0 81'0 110 600 GRS
0001L0 (cooiLo 00IL0 001L0 0'0IL'0 000IL0 00OIL0 (ooLo RYPRM ST
(1IT0F1o8 11 (996001L6  (GTOSDEYTT Gregs  ATIENSY I oozt (useowetl (Troners Yoo Apasmy ¥l

, ;, | Boos+s1)
(ereDes’+ (€ST008Y wotoes Trmre (Lmose (s6eneLe (reue (Lot uomoxdostruommysiory) ¢l
, 8005+
(L9890 (6S68)90°L (9L'sSXNs'L Secorst ©oTMeL (€08)66'8 (1E9PH89 Se'sDOYy uoImoIdosi+uoImyMmsISN Tl
(ETeDost STHOL6'v (e890)¢cCs 8s'eDOL'E (IepD)sse osT¥F6'E @rinwe 866)°TE 8 0001 vormardosy 11
; _ ‘ (Booz+s1)
(8TTise (ZseDe6'E (0821s9°€ Srorre (o000 0oL (009ss°T (05)00T UZNQUIdUL-UONYMSIOND  0f
. . Boot+s1)
(6renoLe (99 <120t weenoge (17965t OOOIL0 (STosLe - QroeLe (Tsynte UIZRQINoul+UOIYSION) '
| . (Boo1+7)
(eeenTLe (8TSDL6E (sr¥nese @r9ese (0001L0 (€108'T (0s°D€8°T (eePI0TT WZNQUISWHUOIYMSIDN g
, | (Bo0z+0)
(EE€THE (80°z1)$8°€ (6T1Dere (es9)59°T (o010 aroore (ooLhee (oomyer'e WIZNQUSULAUONYUSION L,
(90 1D0F'€ (00'e1L9E (6eeneLe (974 ¥4 st (42905 x4 (009557 (127 Fard 30g vormymsoy) 9
F1's090's (9T809¢’s 81¢0L0°S (orznsse BLYO0'S @roonst (IseDrLe (006)30°€ g1 vommymsony) ¢
L6t (19187 (r49 T4 (09 DsHT (00MIL0 oooiLo (T6'9)ES T LeoLst 300t wznqmeN
0oz tse (oensee @31DISE (099Lrz (oom1L0 Lrossc osesT Orwre 300z uzRqmMIN g
(00€) L€ (61°¢D)OL'E ©o¥DIsE (oveniLe QLrshet Ceritre (zzonsee ~(iLgxoe guomymsp 7
(1+'81)66°9 FT1998L (86'L9)59°¢ (og8DECY (SEosHs'L C(1gseLs (Lese)ET9 Lemsre 3 yuomymspopy 1
1S9ATRH 071 06 09 IsoATRl 071 06 09 STUSRAI]Y,
(Burrmos 1y3e ske(y) (Bumos 1ope ske(q)
86-L661 L6-9661

Wmesd yo sa3ers yuaaop it (w 3) 3y3om £1p pasm [8103 U0 SJUOUIEIL) DY JO 1Y ST.AGHLY



Fdeso pas [Lleo pas Bl 120 pas KN Harvest

1996-97

7777727772
UNONONCN“u‘n‘n.u\ONONSONONQCN X

160

140

120

‘ ?@.

O
60

) Woiem Aig

20

Treatments

L Z 777 T 222772 222222 222827

ek D RS RD BAR R R XX AR L LR s L)

T

V227222277
RE XK IRF ALK

°
]
2
[
T
n !l ©
1k
S| o
-1 0
g1 r
)
<
0
0
o
0
<
a
Q
4]
OOOOOOOO
64208642

me 6) Biem A1

Treatments

Fig.6 Effect of weed control treatments on total weed dry

weight in wheat at different stages of growth



60
significantly with the application of all the weed control treatments during
both the seasons.

Among herbicide treatments, metribuzin (400 g ha') caused the
highest significant reduction in weed biomass in both the years at 60 DAS.
However, it was at par with its lower dose (200 g ha'), chlorsulfuron (30
g hal) aﬁd tank mixture of metsulfuron (2 g ha"') and chlorsulfuron (15 g
ha') with metribuzin (100 and 200g ha') during 1996-97 at 60 DAS.
While in 1997-98 metribuzin (200 g), metsulfuron (8 g ha!), chlorsulfuron
(30 g ha') and tank mixture of metribuzin with metsulfuron (2 gha') and
chlorsulfuron (15 g ha™) were almost equally effective after 400 g of
metribuzin in minimising the totél weed-dry matter accumulation (Fig. 6).

Isdproturon' (1000 g ha'lx ), chiorsulfuron (15 g ha') and
chlorsulfﬁron -Fisoproturon (15+ 500 g ha') were found averagé whereas
“metsulfuron (4 g) and metsulfuron + isoproturon (2-FSOO Ag} werefound to
be leasf effective in reducing the total ’weéd dry matter accumulation in
~ both the years.

-4.1.2 STUDIES ON CROP
4.1.2.1 Growth studies

| Crop growth was measured in term of plant population, plant height,
| number.df tillers and dry matter accumulation per metre row length and
results on these characters are presented in different tabies.
(a) Plant population (No. m™)

~ The fiata related to germination count metre“‘fow le_hgth of wheat

‘recorded at 20 DAS and are given in Table 16 which reveal that germination



CD at 5% »

Table 16.  Plant population of wheat (No, mf’) at 20 days after sowing
Treatments 1996-97 1997-98
1. Metsulfuroh 4g 41.00 44.00
2. Metsulfuron 8g 40.67 43.33
3. Metriﬁuzin 200g 40.00 43.00
4. Metribuzin 400g 41.00 44.00
5. Chlorsulfuron 15g 41.00 43.00
6. Chlorsulfuron 30g 40.67 42.67
7. Metsulfuron + metribuzin (2+200g) 40.67 43.67
8. Metsulﬁ:ron# metribuzin (2+100g) _ - 40.67 43.33
9. Chlorsulﬁjron-fmetribuéin (15+100g) 40.00 42.67
10. Chlorsulfuron+metribuzin (15+200g) . 41.33 43.33
11. Isoproturon 1000 g | 41.06 4233
12. Metsulfuron + isoproturon (2+500g) 41.00 44.00
13. Chlorsulﬁzron+isoprqturon (15+500g) 41.67 42.67
14. Weedy check | ‘ 40.00 4233
- 15. Weed f}ree» 41.33 44.67
S.Em.() 1.55 4.90
NS NS
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of crop was uniform in entixfe experimental field before applying weed
control treatments during’both the years.
(b)  Plant height (cm)

Weed control treatménts significantly influenced the’ plant height
of wheat at all stages of observation during both the years except at 60
DAS in 1996-97. The pertinent data are presented in Téble 17. The tallest
plants were recorded in weed free plots (89.84 and 97.15 cm) which
differed significantly to weedy check and all doses of metribuzin alone
and in combination with metsulﬁ#on (2 g ha') at all stages in both the
years. |

Amongst herbicidal treatments, chlorsulfuron at 30 g ha! exhibited
 the highest increase in plant fxeight (‘Plate‘Z) during both the years which,
however, did not differ significantly with other treatments including season
long weed infested plot (weedy chéck). ﬁo herbicide 'trez‘xtment could bring
significant increase in plant heighf over weedy check in both the years.
However, the herbicide treatments like metribuzin at 200 ;ind 400 g ha™
alone and its combination with:metsulfumh (2 +100 and 2 +200 g hat)
recorded comparatively lower plant heigi;t as rcompared to weedy check
m both the years, however, the difféfcnce ‘was significant only during
- 1997-98. Therefore, plaﬁt had minimum héight in metribuzin (400 g ha™)
treated plots in both the seasons (Plate 1). Initial crop growth in term of
plant height was comparaktively better during second year: of

experimentation.



Plate 1 Studies on the effect of Metri buzin alone (A' and 'B") and
in combination with metsulfron ('CY) on wheat growth
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Chl+Metri
(15+100)

Chl+Metri
(15+200)

Chlorsulfuron
30 g

SN

Plate 2. Studies on the effect of chlorsulfuron alone (C) and in
combination with metribuzin (A) and (B) on wheat growth
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(b) Dry matter accumulation (g m™) |

The data 6n dry matter accumulation per metre row length presented
in Table 18 and Fig. 7 revealed that it increased with the advancement of
crop age and méxi‘mum increase was recorded at 90 and 120 DAS in both
the yearé. However, dry matter production was relatively hjgher in 1997-98.

There were no significant difference in accumulation of crop dry
weight upto 30 DAS during both the years. While at subsequent stages
there was reduction in the dry matter accumulation by wheat to the extent
of 15.31 and 14.24 per cent at harvest over weedy check in 1996-97 and
1997-98, respectively.

Maﬁcimum dry matter accumulation was recorded in weed free plots
at all stages during both the years which differed significantly from all
treatments except chldrsulfuron (30 g ha), isoproturon (1000 g ha™),
metsulfuron (8 g ha') and tank mixture of chlorsulfuron aﬁd metribuzin
during both consecutive rabi seasons (Plate 2).

Amongst herbicidal treatﬁents, 30 g of chlorsﬁlfu:on provided
significantly higher dry matter production ‘but- the difference wuh its tank
mixture with metribuzin (15 .+ 200 and 15 + 100 g hal) andv inc_iividuai
application of metsﬁlfuron (8 g ha") and isopréturoh (1006 g ha') was,
howeixer, non-significant. Application of chlorsulfuron ‘and metsulfuron
alone. at lower doses and tank mixture with isoproturon (5:00 g ha')
produced simiiar effect on dry matter production in both the years.r

Metribuzin (400 g ha') caused the highest reduction.:in dry rﬁatter

accumulation among herbicidal treatments during both the years of study
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except its lower dose (200 g ha™') and tank mixture with metsulfuron in

1996-97 (Plate 1).
(¢) Number of tillers (No. m™)

The difference in the number of tillers per running metre row length
amongst the experimental plots at 30 DAS (before the imposition of
herbicide treatments) was not significant in~b6th the years (Table 19). In
general, number of tillérs were relatively lower in the first year of
experimentation. The number of tillers m™ row length at various stages of
crop growth were significantly affected by differenf, weed control
treatments.

Amongst treatments, weed free condition produced significantly
higher number of tillers at all stages during both the years, which was at
par with chlorsulfuron (30 g ha'), metsulfuron (8. g ha') alone and |
combined application of chlorsulfuron + metribuzin (15 + 100 and 15 +
200 g ha'). Application of chlorsulfuronﬁ at 30 g ha recorded si gniﬁcantly
higher number of tillers azﬁongst herbicidal trcatmeﬁts in both the years,
which was closely followed by metsulfuron (8 g ha'), isoproturon (1000
g ha') and combined application of chlorsulfuron + metribuzin (15+100
g and 15 + 200 g ha') (Plate 2).

In herbicide treatments, métribuzin at 400 g ha' registered minimum
increase in numuer of tillers as compared to weedy check in both the years.
Ho’wefzer, this treatment (400 g ha™ metribuzin) waé on par with its lower
~dose (200 g ha') and combined appliéation of x.nctsulfur,-on ~+ metribuzin
(2 + 100 g and 2 + 200 g ha') in 1996-97 but in 1997-98 differed

- significantly.
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4.1.2.2 Yield and yield\attributes

Data on various yield attributing characters viz., effective tillers’
per metre row length, length of earhead (cm), number of grains per earhead
(spike), test weight (g) as influenced by different weed control treatments
were recorded and presented in Table 20.
(a) Number of effe;:tive tillers

Number of effective tillers per metre row length of wheat crop
increased significantly with the application of different weed control
treatments. Season long weed free condition recorded significantly higher
number of effective tillers (earbearing) in both the years, which was similar
to chlorsulfuron (30 g ha), metsulfuron (8 g ha?’) and chlorsulfuron +
metribuzin (15 + 100 g and 15 +20C g ha") treated plots.
| ~In herbicide treatments, chlorsulfuron (30 g ha'') recorded
signiﬁcanfly' Hi'ghef number of effective tillers in both the years which
was cloéely followed by metsulfuron (8 g ha), isoproturon (1000 g ha™)
and combined application of chlorsulfuron + metribuzin (15 + 100 and 15
+ 200 g ha'). Application of metribuzin.at 400 g ha registered minimum
increase in number of effective tillers as cbmpared to season long weedy
?ondiﬁon in both the seasons (Table 20). However, the difference with its
lower dose (200 g ha'') and tank mixed application of metsulfuron +
metribuzin (2 + 100 g and 2 + 200 g ha') was non-significant in 1996-97.
(b) Length of earhead

Application of all weed control treatments except chlorsulfuron (15

gha), metsulfuron (4 g ha') anJ metsulfuron + isoproturon (2+500 g ha') in
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1996-97 and metsulfuron + metribuzin (2 + 200 gha) in }997-98 recorded
significantly longer earhead as compared to weedy check in both the years:
(Table 20). The highest length of earhead Was recorded in weed free plot
which, however, was non—significant‘with' chlorsulfuron (30 g ha''),
chlorsulfuron + metribuzin (15 + 100 and 15 + 200 g ha'), metribuzin
(400 g ha), isoproturon (1000 g Vha"‘) and chlorsuifuron + isoproturon
(15 + 500 g ha!) treated plots during bofh thé years except metribuzin
(400 g ha?') and chlorsulfuron + isopréturon (15 + SOG g hé") in 1997-98.

Amongst herbicide tfeat’ments, chlorsulfuron (30 g h‘a‘l) and tank
mixture of chlorsulfuron + metribuzin (15 + 200 g ha') recorded the
maximum increase in the length of earhead in 1996-97 and 1997-98,
re‘spéctive‘ly over weedy check. Season long uninhibited growth of weeds,
however, recorded the shortest earhead in both the years.
(c)  Grains 'per‘ earhead |

~ All weed control treatments excepfme{sulfﬁron + metribuzin (2+100

g hal) in 1997-98, brought about significant increase in the number of
grains pér earhead over weedy check during both t.he years (TableIZO)‘

Weed free treatment recorded the hig’ﬁcst (45.16 and 48.00) number
of grains per earhead which, howvcvier;, wé‘s found at par with chlorsulfuron |
(30 g ha'), isoproturon (1000 g ha'), chlorsulfuron + me;ribuzin (15 +
100 g and 15 +200 g ha'i) and metsulfuron (8 g ha') in both the years
exéep.t metsulfuron (8 g ha') treatment in first year of ékperimentatﬁan, |

In herbicide treatments, chlorsulfuron at 30 g }13"‘ obtained the

maximum number of grains per earhead which was closely followed by
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isoproturon (1000 g ha!), metsulfuron (8 g ha), chlorsulfuron + metribuzin
(15 + 100 and 15 + 200 g ha™), chlorsulfuron + isoproturon (15+500 g ha™)
and metribuzin at 400 g ha™' in both the years of experimentation.

(d) - Test weight (1000-grain weight) |

Effect of weed control treatments on test weight turned out to be
nonsignificant during 1996-97. However, in 1997-98, test weight’ was
significantly affected due to the influence of various herbicidal treatments
applied. During 1997-98, weed free treatment recorded the maximum test
weight (40.88 g) which differed significantly from all treatments except
chlorsulfuron at 30 g ha’!, isoproturon 1000 g ha! and tank mixture of
chlorsulfuron + metribuzin (15 + 100 g and 15 + 200 g ha'). Among
herbicidal treatments, tank mixture of chldrsulfuron + metribuzin at 15 +
200g h_aj1 had significantly higher test weight (39.93 g) but its difference
~ with other treatments except metsulfuron 4 g ha’ éndv metsulfuron +
isoproturon (2+500 g ha') was nonsignificant during the second year of
~ study. Test weight was comparatively more in‘the second year of
investigation (Table 20). |
(e) - Grain yield

Grain yield (q ha!') of wheat was significantly influenced by weed
contrél treatment in both the yeé.rs‘(Tablc 21). However, the grain yield
was comparatively higher in 1997-98 than that of 1905-97. But the efficacy
of all Weed céntrol' treatments was almost similar in both the years.
Signiﬁcanﬂy higher increase in grain yield was recorded in season long

weed free plot (44.0 and 50.00 q ha'') (Fig. 8) which was statistically on par
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with chlorsulfuron at 30 g ha!, metsulfuron 8 g ha and combined application
of chlorsulfuron + metribuzin (15 + 100 g and 15 + 200 g ha') during
both the years.

Application of chiorsulfuron at 30 g ha! produced the highest grain
yield (43.11 and 48.20 g ha') amongst herbicidal treatments during both
the seasons, however, its effect in increasing grain yield was at par with |
metsulfuron 8 g ha?, isoproturon 1000 g ha' and tank mixture of
chlorsuifuron + metribuzin (15 + 100 and 15 + 200 g ha'') (Plate 2). While
application of metribuzin at 400 g ha' resulted the lesser increase in grain
yield of wheat amongst herbicidal treatments over weedy check. during
both the years (Plate 1). However, the difference with the grain yield
recorded in metribuzin 200 g ha! and metsulfuron+ metribuzin (2 + 100
and 2 +200 g ha) treated plots was fouud significant during second year
of the study.' | - |
(f)  Straw yield

The application of weed control treatments significantly enhanced

- the straw yield of wheat in both the years (Table 21). In general, straw
yield in each treatment was comparativeI;s} higher in the :sécond yeai of
investigation, The maximum straw yield of 69.00 and 78.17 q ha! was
recorded in :Need free plots in respective years of experimentation (Fig,
8). However, its difference in straw yield was non-significant with

~chtorsutfuron 30 g ha’!, chlorsulfuron + metribuiin (15 + 100 and 15 +
200 g ha‘i); isoproturon 1000 g ha! and metsulsfuron 8g hé“ in both the

years except latter two treatments in 1997-98.
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Application of 30 g of chlorsulfuron resulted in the highest gain in
straw yield and varied significantly with rest of the treatments except its.
tank mixture with metribuzin (15 + 100 and 15+200 g ha“), isoproturon
1000 g ha'!, metsulfuron 8 g ha!, chlorsulfuron + isoproturon (15 + 500 g
ha) and chlorsulfuron 15 g ha' in both the seasons except two latter
treatmenfs in 1997-98.

(2)  Harvest index

Harvest index was not uniformly affected by varioas weed control
treatments in both the years (Table 21). However, it was significantly
affected due fo application of différent weed cqntrol measures in 1996-
97, whereas in 1997-98 it remainéd unaffected.

Maximum and minimum increase in harvest index was recorded in
weed free and unweeded plot, respeétively in both the years. All herbicide
treatments except .m'etsulfuron + metribuzin (2 + 100 g ha') and
metsulfuron + isoproturon (2+ 500 g 'ha") recorded significantly higher
harvest indcx in 1996-97 over season 15ng weedy check.
4.1.2.3 Nutrient studies | |

The data presented in Table 22, 23’,;»214 and depicted in Fig. 9 indicéte
that application of herbicides had,no'fn,larked effect on NPK content in
grain and straw over weedy check during both the years. However, their
uptake by grain, stfaw énd total uptake were significantly enhanced except

‘P uptake by straw during both the years of experimentation. Total N and
K uptake were comparatively highef during second year of

experimentation.



1996-97

N e Wk

ENTONT

Ay AV AYAYA VAN

XXX XX XX RXRXXKXX

KX BN XXX

S L G @i

LA W W W W W 2.5 5

e

MR G A RN GO N OGS HE O OO0

f 18
7 s YA YA 7 N
&,
= 4
0 0 0 0 0 0 0 0 o4
© < o [+] ] © % o
- " v -

(2y B) axerdn ygN

Treatments

1997-98

MK

O e

| N W N NN W N W A ..

R prem ey R T e

AR R R R I R R R IR TR T T

R, S

200

(e B) axerdn ydN

Treatments

Fig.9 Effect of weed control treatments on total NPK

uptake by wheat crop



75
(a) Nitrogen uptake (kg ha™')

All weed control treatments except metsulfuron + i1soproturon.
(2+500 lgxha“) and metribuzin (400 gha') in 1997-98 recorded significant
increase in N-uptake in grain as well as straw (Table 22). Weed free
condition res‘ulted in the highest N-uptake in grain (80.10 and 88.50 kg
ha'') and straw (35.19 and 37.5¢ kg ha')during both the years. Howéver,
the difference was nonsignificant with dther treatments except metribuzin
- 200g ha“, metsulfuron + metribuzin (2+ 200 g ha''), metsulfuron 4 g ha
in 1997-98 and metsulfuron + 1soproturon (2+500 g ha''), metribuzin 400
g ha!, metsulfuron + metribuzin (2+ IOQ g ha') in both the years.

: As. regards herbicide treatments, 30 g ha of chlorsulfuron resulted
the highest N-uptake in grain and straw during both the years. However,
its difference with isoproturon 1000 g ha', metsulfuron 8 g ha and its
lower dosc-alone i.e. chlorsulfuron 15 g ha'! and -incombination with
metribuzin (100 and 200 g ha') and isoproturon (500 g ha') was nén-
significant in both the seasons. Similar performance of all weed control
treatments was noticed with respect to total uptake of N in both the years.
(b) Phosphbru‘s uptake (kg ha?) |

Weed control treatments did not bring significant variation in P
content of grain and straw and P uptake of straw in both the years (Table
23; Fig. 9). However, its accumulation in grain increased sig..ificantly
over weedy check. |

Weed free condition pr‘bmoted the highest P uptake in grain (21.98

and 23.56 kg ha'') which was closely followed by chlorsulfuron 30 gha’l, |
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chlorsulfuron + metribuzin (15 — 100 and 15 + 200 g ha™'), metsulfuron 8
g ha isoproturon 1000 g ha'' and chlorsulfuron + isoproturon (15+500¢g.
ha) in both the years except latter three treatments in second year.
Application of chlorsulfuron at 30 g ha” resulted in the maximum P
uptake in grain in both the years but did not vary significantly with its
tank mixture at lower dose with metribuzin (15 + 100 and 15 + 200 g
hé") and application of metsulfuron alone (8 g ha') and isoproturon 1000
g hal. But the application of metribuzin at 400 g ha' in 1997-98 did not
cause signiﬁcant increase in P-uptake in grain as compared to unweeded
centrol. Variation in weed contro! treatments effected marked increase in
total P-uptake in both the years. Of the weed control treatments, season
long weed free conditi'on resulted in the highest total P-uptake in both
the years, however, it remained statistically at par with all other treatments
except metribuzin 400 g ha'!, mersuifuron 4 g ha' alone and its combination
-with metribuzin (100 g ha™') and isoproturon (500 g ha'!) separately during
1996-97. Whereas in 1997-98, weed free treatment was at par with
metsulfuron 8 g ha’, isoproturon 1000 gha" and chlorsulfufon 30 g ha'
alone and its ténk mixture at lower dose wi’t‘h metribuzin (15 + 100 and 15
+ 200 g ha') and isoproturon (15 + 500 g ha'). Among the herbicide
treatments, -chlors;ﬂfuron at 30 g ha! and chlorsulfuron + metribuzin (15
+ 200 g ha') remained at par with each other and recorded significantly
'higher total P-uptake by wheat in 1996-97 and 1997-98, respectively.
(c) iPotassiu‘m uptake (kg ha?) |
The data pertaining to the influence of different weed control

treatments on K content and its uptake in grain and straw and on total
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uptake are presented in Table} 24 and exhibited in Fig. 9. The difference in
potassium content of grain and straw amongst different weed control
treatments was found non-significant. But the difference in its u;ﬁta-ke in
both grain and straw and in total was found highly significant. Maximum
uptake of potassium in grain (19.78 and 24.48 kg ha'!), straw (117.29 and
139.16 kg ha™') and total uptake (137.08} an‘dg 163.65 kg ha') were recorded
under weed free situation which was closely followed by metsulfuron § g
ha’!, isoproturon 1000 g ha' and chlorsulfuron at 30 g ha'' alone and its
tank mixture at lower dose with metribuzin. However, it differed
significantly with metribuzin 400 g, met‘sulfuron + metribuzin (2 + 200
and 2 + 100 g ha') and metsulfuron + isoproturon (2 + 500 g ha) in K
uptake in grain during both the years. Whereas.the’ lowest uptake of K
was recorded in weedy check in both grain and straw in both the vears
which, however, was found stétistically similar to metsulfuron + metribuzin
(2+200 and2 +100 g hé"), metsulfuron + isoproturon (2+500 g ha')
and metribuzin at 200 and 400 g ha. |
Total K uptake was sxgmﬁcantly hlgher under all the herbicidal
treatment in both the years. However, uptake of K by both grain and
straw and variation in their values amongst various weed control treatment
was comparatively larger during second year of experimentation.
4.1.2.4 Residual effect on kharif season weeds
Weed population (No. m?) and dry weight (g m?)

(a) Trianthema portulacastrum L.

All the herbicide treatments applied either alone or incombination

with others in wheat crop except metsulfuron 4 g ha* and metribuzin 200
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g ha'significantly affected the population of Trianthema portulacastrum
‘as compared to untreated plots (Table 25). However, its dry weight was
significantly lower in all the herbicide t.reated plots. No specific trend of
their residual effect on population and dry weight was recorded in respect
of all th¢ treatments. No single plant of this we‘ed was found in 30 g
chlorsulfuron treated plot (Plate 3). While the second lowest value of its
count and dry weight was obtained in 400 g ha metribuzin treated plot.
The treatments involving combination recorded higher and lower decrease
in the population and dry weight of Trianthema portulacastrum,
respectively as compared to their individual application irrespective of
dose and herbicide.

(b) Echinochloa colonum (L.) Link (Jungle rice)

All herbicide treated plots except metsulfuron 4 g ha recorded
16Wer pd'j;ﬁlafidn of this weed as compared to untreated plots (Table 25). -
However, the dfy weight of E. colonum was significantly lower in all
herbicide treated plots.

Amongst herbicide treatéd plots‘ chlorsulfuron 36 g ha' and
metribuzin 400 g ha™ treated plots recorde& significantly higher reduction
in its population and dry weight as compared to untreated plots (Plate 3).
‘The treatments involving combined application of chlorsulfuron +
metribuzin (15 + 100 g and 15 + 200 g ha™), chlorsulfuron + isoproturon
(15 + 500 g ha') and metsulfuron + meﬁbuzin (2+ 100 and 2+ 200 g ha)
recorded higher reduction in -popdiation and dry weight of Echinochloa

colonum as compared to thzir individual application. The highest



Table25.  Residual effect of herbicide treatments applied in wheat on Kharif
season weeds during 1998 ‘
Treatments Trianthema portulacastrum* Echinochloa colonum
Weed Weed dry Weed Weed dry
population weight populatlon weight
No.m”)  (gm?)  (No.m?) (zm’)

1. Metsulfuron 4g 19.14 (368.00)  9.69 (93.80) 340.00 40.40

2. Metsulfuron 8g 17.29(300.00) 8.68 (74.92) 288.00 3948

3. Metribuzin 200g 20.18 (408.00) 12.78 (163.00) 248.00 49.76

4. Metribuzin 400g 6.30 (40.00)  4.82 (23.36) 51.00 28.96

5. Chlorsulfuron 15g 15.86 (252.00) 9.25 (85.32) 168.00 43.36

6. Chlorsulfuron 30g 0.71 (0.00) 0.71 (0.00) 40.00 25.04

7. Metsulfuron+metribuzin  17.06 (296.00)  12.27 (150.28) 138.00 28.28
(2+200g)

8. Metsulfuron+metribuzin 15.71 (248.00) 11.27 (126.92) 128.00 28.52
(2+100g) |

9. Chlorsulfuron+metribuzin 11.32 (128.00) 8.80 (77.20) 150.00 40.40
(15+100g)

10.Chlorsulfuron+metribuzin  10.01 (100.00)  10.43 (108.28) 120.00 35.24
(15+200g)

I,l..Isoprothron 1000 g 9.34 (88.00) 8.07 (64.88) 168,00 43.68

12, Metsulfuron+isoproturon  16.98 (288.00)  11.64 (135.00) 184.00 76.96
(2+5008) | ‘

13. Chlorsulfuron+isoproturon  13.25 (176.00)  10.85 (117.64) 116.00 38.68
(15+500g)

14. Weedy check 20.46 (420.00)  14.14 (200.00) :300.00 93.24

15. Weed free 19.70 (390.00) 13.83 (191.00) 310.00 98.76
S.Em.(z) 0.80 0.32 4.86 1.86
CD at 5% 232 0.92 14.08 5.39

*Data subjected to Vx+0.5 transformaticn as there was zero value in one treatment.

Figures in parentheses are ongmal values



Chlorsulfuron
30 g

Weed free
(untreated)

Plate 3. Studies on the residual effect of herbicides applied

in wheat crop on Trianthema portulacastrum and
Echinochloa colonum in kharif season (1997-98)
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population and the highest dry weight of E. colonum amongst herbicide
treated: plots were recorded in metsulfuron 4 g ha' and metsulfuron +
isoproturon (2 + 500 g ha™), respectively.

Besides the above two weeds, experimen'tal plots were heavily and
uniformly infested with Cyperus rotundus (data not given) irrespective of
the dose, herbicide and combiﬁatidn (Plate 3).
4.1.2.5 Residual effect of herbicides applied in wheat on sorghum
(a) = Growth studies |

Following growth param‘eters of sorghum grown after wheat at
different growth stages were recorded to study the effect of residues of
herbicides applied in wheat.

(i) Plant stand (No.m™)

Data‘presented in Table 26 illust;ate that the residues of herbicides
apialied inv wheat did not affect eméfgeiice of sorghum at all stages of
~ observation ‘during.both the years (Plate 4). However, plant stand was

compafatively more in first year éf experimentation. |
(i)  Plant height (cm)

- Data presented in Table 27 andkFig. 10 indicate that height of
sorghum plants during 1996-97 was not affected due to herbicidal
treatments applied in wheat. However, in 1997-98 plant height was
significantly effected at all stages éxcept 20 DAS. Sorghum plants were
comparatively taller in first year than that of second year'at 40 and 80

DAS.
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Table 26.  Effect of herbicide residues on plant stand of sorghum (No. m‘.‘)

Treatments

1996-97

(Days after sowing)

~ 1997-98

(Days after sowing)

20 40 80 .20 40 80

1. Metsulfurond4g 125.67 135.00 108.00 115.00 127.00 9533 .

2. Metsulfuron 8g 124.00 134.00 107.67 117.67 126.67 94.67

3. Metribuzin 200g 125.33 134.67 107.00 114.00 128.00 94.00

4. Metribuzin 400g 125.00 133.67 107.67  113.67 12533 92.67 »

5. Chlorsulfurqn 15g 124.33 135.33 108.33 113.33 127.67. 94.33

6.  Chlorsulfuron 30g 124.67 133.67 108.67 112.00 124.67 91.67

7. Metsulfuron+metribuzin 124.67 133.00 107.67 113.00 127.060 = 93.00
(2+200g) -

8. Metsulfuron+metribuzin 124,67 13433 107.33 113.00 126.67 93.67
(2+100g) . '

9. Chlorsulfuron+metribuzin =~ 12500 .133.67 107.67 11400 12633 93.00
(15+100g) , ' ‘ .

10. Chlorsulfuron+metribuzin ~ 125.00 134.00 107.33 114.00 12733 94.00

(15+200g) | o

1. Isoproturon 1000 g - 126.00 134.67 108.00 11633 12600 9433

12. Metsulfuron +isoproturon 126.33 13533 108.33 11533 125.67 94.67
(2+500g) , . |

13. Chlorsulfuron+ isoproturon  124.67 . 1734.67 107.67 11467 12633 94.33
(15+500g) | - | |

14, Weedy check 126.33  135.00 108..‘67‘ 115.00 128.00 93.00

15. Weed free 125.67 13}5.6.7' 107.33 11533  127.33 9533
SEm(s) 398 346 372 347 310 337
CD at 5% NS NS NS NS NS NS




Table 27.  Effect of herbicide residues on height of sorghum plant (cm)

NS

Treatments 1996-97 1997-98
(Days after sowing) . (Days after sowing)
20 40 80 20 40 80
1. Metsulfuron 4g 29.60 6532 18581 3093 6227  180.13
2. Metsulfuron 8g 30.47 64.73 ‘18544 2892  61.58  181.60
3. Metribuzin 200g 28.23 64.87 18439 2883  60.40  180.86
4. Metribuzin 400g 27.92 6435 18321 2881  59.10 178.12
5. Chlorsulfuron 15g 29.46 65.17 184.69 2948  61.07  180.47
6. Chlorsulfuron 30g 27.01 63.11  185.11 2885 5427  168.40
7. Metsulfuron+metribuzin 2795 6483 18491 2853  60.55  179.80
(2+200g) L '
8. Metsulfuron+metribuzin 2813 6435 18438 28.76 6120  180.40
(2+100g) | | .
9. Chlorsulfuron+metribuzin 29,88 6532 18505 2833  60.73  178.95
(15+100g)
10.Chlorsulfuron+metribuzin 29,91 6495 18545 2755 5927  178.73
(15+200g)
11. Isoproturon 1000 g 30.18 6523 18687 29.15 6047  180.48
12. Metsulfuron +isoproturon ~ 31.87  66.81  186.81 3028 6278  182.53
(24500g) -

13. Chlorsulfuron+ isoproturon 29,11 64.97 18523 2798 5807  174.86
(15+500g) o ,
14. Weedy check 30.21 6558 18641 2951 6249  181.83
15. Weed free 30.82 65.71 186.84 3021  61.98  179.92
~ SEm@) 297 897 444 185 143  25I

CD at 5% NS NS NS 415 126
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Plate 4. Studies on residual effect of herbicides (metribuzin
400 g (A) and chlorsulfuron 30 g (B) applied in wheat
on the growth of sorghum succeeding crop
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ASigniﬁcantly lowest height of sorghum plant (54.27 and 168.40 cm)
was recorded at 40 and 80 DAS in those plots wherein chlorsulfuron 30 g
ha' applied in wheat (Plate 4) a}nd fdund at par with chlorsulfuron +
isoproturon (15 + 500 g ha'!'). But the difference in height amongst other

treatments was at par.
éii) Av.erage-fresh weight (g m™)

The déta pertaining to average fresh weight per metre row length
presented in Table 28 revealed that the application of herbicidal treatments
in wheat crop did not have any significant effect on fresh weight
accumulation of sorghum except at 40 and 80 DAS in 1997-98. Fresh
weight was comparatively more in 1996-97 thaﬁ 1997-98. The lowest fresh
weight of sorghum (174.21 g m™) (40 DAS) was recorded in those plots
where chlorsulfuron was applied at 30 g ha! at both 40 and 80 DAS (Plate
‘4). However, its differ.encevwith fresh weight obtained in plots treated |
with metribuzin 400 g ha! (178.00 g) and chlbrsulfuron + isoproturon (15
+ 500 g ha'') (178.01 g) was non-signiﬁcant
(iv) Average dry matter accumulation (g }m'l)

Data presented in Table 29 and depic;téd in F1g 11 show that there
was no significant effect of herbicidal trcatments'épplied in wheat on dry
matter accumulation of sorghum in:b'oth the ye'ars except at 40 and 80'
DAS in 1997-98. In geheral dry matter accumulation decreased with
increase in dosage of herbicides.

The lowest dry matter accumulatién of sorghum (46.93 g at 40

DAS and 210.81 g at 80 DAS) was recorded in those plots where
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Table 28. Effect of herbicide residues on fresh weight of sorghum plants (g m™)

Treatments 1996-97 1997-98
‘ (Days after sowing) (Days after sowing)
20 40 30 20 40 80
1. Metsulfuron 4g 65.11 192.84 993.73 62.31 183.29 975.48
2. Metsulfuron 8g 65.17 192.93 99322 61.97 - 18226 972.08
3. Metribuzin 200g 64.95 192.52 993.10 60.81 . 180.67 973.43
4. Metribuzin 400g 64.15 191.22 991.73 60.17 178.00 967.04
5. Chlorsulfuron 15g 6434 192.63 993,51 60.85 182.56 973.74
6. Chlorsulfuron 30g 64.12 190.76  990.24 60.02 17421 963.33
7. Metsulfuron+metribuzin 64.19 192.97 991.95 60.98 180.34 $72.39
(2+200g)
8. Metsulfuron+metribuzin 64.21 193.00 992.33 61.28 180.78 973.21
(2+100g) ’
9. Chlorsulfuron+metribuzin 65.02 192.38 992.10. 59.12 179.00 971.57
(15+100g)
10. Chlorsulfuron+metribuzin 64,98 192.61 991.89 60.22 17971 971.68
(15+200g) .
11. Isoproturon 1000 g 64.87 191.33 992.35 61.26 180.08 972.16
12. Metsulfuron -+isoproturon 65.77 - 193.00 992».26 62.01 18243 975.75
(2+500g) I \
13. Chlorsulfuron+ isoproturon  65.10 192.39 909198 61.84 178.01 968.21
(15+500g) :
14. Weedy check 66.51 193.83 993.50 62.00 18279 975.13
15. Weed free 66.00 193.62 992.88 61.11 181.87 973.27
SEm.(z) 1.99 2.48 2.67 3.95 1.49 _ 1.78
CD at 5% NS NS NS NS 431 515
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chlorsulfuron was applied in wheat crop during 1997-98. However, it was
at par with metribuzin 400 g ha*' (112.21 g) and chlorsulfuron + isoproturon.
(215.19 g) at 80 DAS (Plate 4).

(v) Fodder yield (q ha')

The data presented in Table 29 and Fig,. 11 indicated that there was
no signiﬁcant difference in fodder yield due to herbicidal treatments
applied in wheat crop during both the years. However, the magnitude of
difference in fodder yield was comparatively higher during second year
of experimentation due to herbicidal treatments. The highest fodder yield
(208.28 q ha') was obtained in plots where métribuzin was applied at 200
ghalin second’year of investigation. |
(b) Fodder quality

| Data on protéin content, tannin content an'd IVDMD of forage
éorghum at 40 DAS as affected by weed control treatments applied in
‘wheat in 1997-98 are presented in Table 30 and shown in Fig. 12.

(i) Protein content (%). |

. Protein} content of sorghum was not affected by different weed
control treatments applied in wheat crc;p.

(ii) = Tannin content (%)

, U‘nlike protein, tannin content of sorghum varied significantly due
to the resjdues of herbicides applied in wﬁeat. However, there is no specific
trend obtained amongst the treatments but some idea about variation in
ténnin content with respect to herbicides ir:esidues' can be draWn from the

data obtained indicating an increase .n tannin content with increase in
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Table 30.  Effect of herbicide residues applied in wheat on protein (%), tannin
(%) and IVDMD (%) of sorghum plants grown after wheat crop

Treatments Protein (%) Tannin (%) IVDMD (%)
1. kMetsquuro_n 4g 8.23’ 0.44 52.70
2. Metsulfuron 8g ‘ 8.46 0.45 50.40
3. Metribuzin 200g 8.53 0.52 . 48.60
4, Metribuzin 400g , 853 0.60 46.80
5. Chlorsulfuron 15g 8.29 0.50 ~ 49.20
6. Chlorsulfuron 30g 8.75 0.57 | 47.40
7. Metsulfuron + metribuzin (2+200g) 8.97 0.53 4740
8.‘ Metsui_ﬁxron+metribuzin (2+100g) 8.66 - 0.52 48.20
‘9. Chlorsulfuron+metribuzin (15+100g) 8.02 0.51 49.20
10. Chlorsulfuron+metribuzin (15+200g)  8.02 052 4840
11. Tsoproturon 1000 g o 809 047 4900
12. Metsulfuron + isoproturon (2+500g) 1822 , 0.52 47.00
13.Chlorsuiﬁjrbn-i-isoproturon(15+50()g) . 785 i 069 44.40
14.Weedy check | ; 744 ‘0.41 :,' 53.40
15 Weed free 1w 041 - 540

S.Em.(%) | 047 001 1.18

CDat5% Ns 004 343
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dosage of particular herbicide. The lowest tannin conter:t (0.41%) was
recorded in untreated plots (weedy check and weed free in wheat crop)
cl>osely followed by metsulfuron a‘ppli‘cation at 4 and 8 g ha'. While the
highest tannin accumulation (0.69%) was observed in chlorsulfuron +
isoproturon (15 -+ 500 g ha™') treated plots (Table 30). Metribuzin 400 g
ha"' and chlorsulfuron 30 g ha' treated plots also caused a significant
higher accumulation of tannin content in sorghum plants sown after wheat
harvest. Results depicted in Fig. 12 indicate that the combined application
of respective herbicides in wheat resulted in to higher tannin accumulation
in sorghum as compared to their application alone.

(iii) In vitro dry matter digestibility (IVDMD)

- Digestibility of sorghum plants sown after wheat harvest was
signiﬁcantly affected due to the residues of herbicides applied in wheat
crop (Table 30). The highest percentage of IVDMD (53.40 and 54.40%)
was accumulated in uﬁtxfeated plots (Weedy check and weed free) closely
followed by métsulfuron‘ ireated pl;)ts at 4 g hal, whereas the lowest
digestibility (44.40%) was recorded in those plots where chlorsulfuron +
isoproturon (15 + 500 g ha!) was appiied in wheat crop (Fig. 12). However,
the variation in digestibility with metribuzin (400 g ha'), metsulfuron +
isoproturon (2 + 500 g ha), chlbrsﬁlfﬁron (‘30 g ha') and metsulfuron +
metribuzin (2+200 g ha™) treated plots was non-significant.

Results depicted in Flg 12 reveal that there is negative correlation
between tannin and IVDMD in sorghum in respect of treatments applied‘:

in wheat crop for weed control.
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4.2 EXPERIMENT- II: Bio-efficacy and sclectivity of sulfonylurea
herbicides against important weeds in wheat and their residual
effect on mungbean and sorghum succeeding crops (Pot culture

study)

4.2.1 Triticum aestivum L.

All the herbicides under test were also sprayed on wheat plant (cv.
HD 2329) in order to see their toxicity on wheat crop. Metribuzin was
proved to be highly toxic to wheat crop causing 95-100 per cent mortality
(Plate 5-A) at all the dosesvéxcept the lowest dose (25 g ha™!) where 86.66
per cent mortality was recorded within seven days of its application (Fig.
13). Significantly the lowest fresh weight and dry matter accumulation
were recorded in metribuzin treated pots (Table 31). Whéreas the other
herbicide treatments were found at par with untreated pots (control) for
all the observations recorded:

4.2.2 Avena ludoviciana Dur.

Ninety eight to 100 per cent mortality of wild oat was recorded in
metribuzin treated pots (Table 32 and Fig. 13),'whi1e in other treatments
no mortality was found even at their highest dose. Metribuzin (all doses)
and chlorsulfuron at 40 g ha™! caused si gniﬁqént reduction in plant height,
number of green leaves, fresh weight .an’dA dry weight per plant. All the
plants of wild oat dried in metribuzin treated pots within a period of 10-
15 days after its applicatién (Plate 5-B).. Thus, the values for pIant height
and number of green Iéaves per plant were taken as zero before subjgcﬁng
to square root transformation for statistical analysis. Weight recorded

immediate after the collection of plant samples from pots are presented as
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(B)
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Plate 5. Studies on the effect of metribuzin on the growth of
wheat (A), wild oat (B) and wild canary grass (C)
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average fresh weight per plant in each observation. However, the difference
between rest of the treatments for all recorded observations was non-.
significant aﬁd were statistically similar to uhtreéted pOts.‘
4.2.3 Phalaris minor Retz,

The datarelating to the effect of different herbicides on the mortality
and growth of P. minor are presented in Table 33. All the herbicides
significantly increased the mortality rate of P. mincr with increase in the
dose. Cent per cent mortality was recorded in 50,100 and 2»00 g of
metribuzin and in 40 g of chlorsulfuron treated pots (Fig. 13; Plate 5-C).
However, the difference in per cent mortality between 20 g of chlorsulfuron
and the lowest dose of metribuzin (25 g ha') was found nonsignificant.
~ The lowest dose of chlorsulfuron (5 g ha') and metsulfuron (1 g h-a;l) did
not cause any mortality of P. minor. The application of 10 g of chlorsulfuron
and 2 and 4 g ha'! of metsﬁifurdn‘re'_cordcd 86.60 pér cent»and;l“() and
53.33 pér cent mortality of P, )ninor, respectively (Plate 6). Signiﬁcant
reduction in growth parameters was recorded due to all herbicides
‘application except 5 g of chloirsulfuxjon as cginparcd fo untreated pot. While
minimum reduction iﬁ plant héi ght, freshx'émd dry weight of P. minor was
recorded at the lowest dose of metsulfuron followed by its hlgher dose
and 5 g of chlorsulfuron as well The response of all the doses of metribuzin
was almost identical. |
4.2.4 Melilotus indica L.
The data pertaining to the“effcét of different herbicides on M. indica

is shown in Table 34. It can be observed that there was a significant



'P. minor (Canary grass)

Chlorsulfuron

(a)

(B)

late 6.Studies on the effect of sulfonylurea herbicides on wild
canary grass (P. minor Retz.)
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increase in mortality and reduction in all grqwth parameters due to weed
‘control treatments.

Hundred per cent mbrtality of this weed was cbserved under
metribuzin (at all doses), metsulfuron (4 g ha'') and chlorsulfuron (20 and
40 g ha') treated pots (Plate 7) which were also at par with 10 g of;
chlorsulfuron. The lowest per cent mortality (56.66) was noted at the
lowest dose of metsulfuron which was significantly lower than that
recordedin 5 g of chlorsulfuron and 2 g of metsulfuron treated pots (Fig.
13). Maximum reduction in fresh and dry weight (g plant”) was found in
metribuzin treated pots followed by chlorsulfuron. Whereas the minimum
reduction was noticed in 1 and 2 g of metsulfuron treated pdts.

4.2.S Coronopus didymus L., Chenopodium album L. and Anagallis

arvensisL.

All the herbicide treatments except chiorsulfﬁrbn 5¢g ha“) and
metsulfuron (1 g ha), caused 100 per cent mortality of all these three
weeds (Table 35 and Fig. 14). Significant reduction in fresh weighf and -
dry weight of these weeds was noticed in all herbicide treatments except
with the lowest dose of both the sulfonylurea‘herbicides applied for‘
Coronopus didymz{s and Anagallis arvensis.
~ 4.2.6 Residual effect of herbiéidés on 'mungbeah and sorghum

Mungbean and ~serghum are mainly grown for grain and fcdder
purpose in India after wheat ‘harvest. New group of herbicides like
sulfonylurea are being applied for weed control in wheat whose reéidual,
effects are reported on succeeding crops‘ in other countries. But very liftle

information about their residual effects on growth and quality-o‘f
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Melilotus indica

i Chlorsulfuron

(A)
_ Metsulfuron
(B)
Metribuzin
(C)

Plate 7. Studies on the effect of chlorsulfuron (A), metsulfuron (B)
and metribuzin (C) on Melilotus indica
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succeeding crops particularly grown for fodder is known under Indian
condition. In the above context, the present investigation was undertaken.
in the same pots wherein herbicides were applied on différent major weed
species of wheat crop to investigate the injurious effect of sulfonylurea
herbicides soil residues on these two rotational crop. Thése crops were
sown about six month after the herbicide application.

Data relating to the residual effects of herbicide residues on growth
of mungbean and sorghum are presented in Table 36 and 37 and exhibited
in Fig. 15 and 16.

(a) Mungbean
(i) Germination (%)

Residual effect of all herbicide treatments except 1 g ha'! of
metsulfuron caused significant reduction in the per cent germination of
the ‘test crop. The lowest germinatiqn percentage was recorded in
chlorsulfuron treated pots at 20 énd 40 g ha' closely followed by the
highest dose of metribuzin (Fig. 15; Plate 8-A). However,vthe next lowest
, germi‘nation percentage was also recorded in 10 g chlorsulfuron treated
pots vwhich did not vary significantly with other herbicide treated pots,
except 1 and 2 g of metsulfuron and 25 g of metribuzin (Table 36).

(ii)  Plant height (cm) |

Plant height was significantly decreased under all the treatments
exéept with 1 g of metsult;uron over untreated plants. The maximum
reduction in plant height was noted in 40 g of chlorSulfuron treﬁted pots,

which was closely followed by its subsequent lower dos‘eA(Table 36).
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Plate 8.

Chlorsulfuron

Mungbean

Studies on the residual effect
metsulfuron (B) and metribuzin
mungbean (pot culture bioassay
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(C) on the growth of
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Magnitude of reduction in plant height was significantly higher in
chlorsulfuron treated pots than metfibuzin and metsulfuron. Minimum
reduction in height was noticed in metsulfuron treated pots. Similar effect
was also observed on the bearing of number of green leaves per plant of
mungbean.

(iii) Leaf area (cwn® plant?)

Leaf area per plant of mungbean was significantly affected by the |
pérsistcnce action of all herbicides used in pot culture study. The lowest
leaf area was measured in chlorsulfuron treated pots, however, the
difference in reduction of leaf area under 10 to 40 g cklorsulfuron treated
pots was non-significant (Table 36). While residue of metsulfuron (1-4 g
ha) cadsec‘i minimum reduction in leaf area among various doses of
chlorsulfuron and metribuzin (Plate 8-B).

(iv) Fresh and dry weight (g p]ént“)

There was significant reduction in fresh as well as dry weight of
mungbean at all the doses of herbicides used in this study (Table 36).
Maximum reductibn in fresh and dry weight of mungbean was obtained in
chlorsulfuron (40 g'ha") treated pots whvich were at par iarith its lower
doses (10 and 20 g ha'). While the least reduction in fresh and dry weight
compared to untreated pots was noticed at 1 g of metsulfuron (I;lat'e 8-B),
~ which was found at par with its higher doses.

(b) Sorghum
) Gefmination (%)
Germination of sorghum was“signiﬁcantly affected due to the

residues of sulfonylurea herbicides at their highest dose (Table 37).
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Sorghum (jowar)

Chlorsulfuron

(A)

(©)

Blate 9. Studies on the residual effect of chlorsulfuron (A),
metsulfuron (B) and metribuzin (C) on the growth of
sorghum (Pot culture bioassay study)
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Residues of chlorsulfuron (40 g ha') caused the highest reduction in
germination (26.67%) which however differed significantly from rest of
the treatments except with 4 g of metsulfuron (13.39%) (Fig. 15; Plae 9-
A). Sorghum germination was not affected due to the résidues of
chlorsulfuron (5 g ha™'), metsulfuron (1 g ha') and metribuzin (25 g ha)
and were not significahtly different with rest of the pots except
chlorsulfuron (40 g ha') and metsulfuron (4 g ha) treated pots. Difference
in per cent germination amongst the various doses of metribuzin and
untreated pots was non-sighiﬁcant (Table 37).

(ii) Plant height (cm)

Plant height of sorghum was significantly reduced at all the doses
of chlorsulfufon, metsulfuron and metribuzin (Table 37). However, the
residués of chlorsulfuron(40 g ha‘i) caused the highest decrease in plant
| height aﬁd was closely foli,ovx%éd by metribuzin (200 g ha"j (Plate 9-A).
 The minimum reduction in plant height was noted in chlorsulfuron (10 g
hé") which was at par with 5§ g chlorsulfuron and 1 g metsulfuron
treatments. However, the difference in plant height within metribuzin (25
to 10C g), metsulfuron (2 g) and chlorsulfuron (20 g) was not found
significant.

- (iif) Number of leaves (No. plant?)

Number of green leaves per plant were significantly reduced by the
herbicidal residues persisted at their highest doses. However, the difference
in number of -leaves per pfant between' all herbic’iéal treatments except

their highest dose and untreated (con’trol) were found .non-significant

(Table 37).
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(iv)  Fresh and dry Weight (g plant?)’

Fresh and dry weight of sorghum were significantly influenced by
the herbicide residues. Increased reductic;n in both the values was observéd
with increase in dose of herbicides. Residues_ of 40 g of chlorsulfuron
caused significant reduction in both fresh and dry weight of sorghum plant
among all the doses of chlorsulfuron (Taﬁle 375. However, the next highest
reduction was recorded at the highest dose of metsulfuron (4 g ha') and
metribuzin (200 g ha'). While the minimum reduction in fresh and dry
weight was observed under the influence of lower dose of chlorsulfuron
(5 g and 10 g ha') and metsulfuron (1 g ha''). The differences among
metribuzin (25, 50 and 100 g ha!), metsulfuron (2 g ha') and chlersulfuron
(20 g ha') was not found significant.

(v) Effect of herbicide residues on sorghum quality

Effect of herbicides residues on protein, tannin, HCN content that
content and in vitro Adry matter digesti'bility of sorghum plants were
estimated:considering their importance for thé assessment of the quality
and palatability of a fodder. Data relating to quality parameters are.

presented in Table 37 and depicted in Fig. 16.

Protein content (%): Protein content in sbrghum Was significantly
reduced due to the residual efféct of all three herbicides and decreased
with corrc:,ponding increase in the doses of chlorsulfuron, metsulfuron
and metribuzin. waever, the highest reduction in. protein content was
recorded with metribuzin residues at 200 gha’t iwhic.h. was on par with the

highest dose of metsulfuron and chlorsulfuron (Tabl'e :3’7). Minimum
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reduction in 'protein content as compared to untreated plants was noticed
in 1 g metsulfuron treated kpots which, however, was found.at par with 5,
10 ahd 20 g ha'! of chlorsulfuron and 2 g of metsulfuron (Fig. 16). Vaﬁatidn
in the value of érotein content of sorghum grown in metribuzin (at 25 and
50 g ha'}), métsuifursn (2 g ha') and chlorsulfuron (IC‘ g and 20 g ha')
treated pots were statistically non-significant.

Tannin content (%): Tannin content of sqrghum plahts grown in
herbicidé treated pots was significantly increased as compared’td the
untreated plants. It was found to be increased with an increase in the doses
of all herbicides. The maximum increase in tannin content wés noticed
Awith metsulfuron residues (0.73 to 0.84%) (Table 37 and Fig. 16) which
were closely followed by the chlorsulfuron(40 g ha') and metribuzin (200
. gha'). However, the difference in tanni;i content among various doses of |
metribuzin and 40 g of chlorsulfuron was found nOnwsigniﬁcant._While
the minimum incrcase in tannin content was’ obtained with the lowest dose
of chlorsulfuron (0.56%) and was closely folloiwed by its higher dosés
~ except 40 g ha'l. | | |

- Invitro dry matter digestibility (%): fi was gigniﬁfCantIy rec‘iucedr
under the influence of the herbicide residues. Amongst various treatments, |
the lowest digestibility (41.65) was obtained with the influence of the
residues Vof 4¢ metsulfumn (Table 37). Whereas, the highest digestibility
(52.2%) was obtained under the residual effect of 5 g of chlorsulfuron in
various herbicidal treatments closely followed by ifs higher ddses (10 and

20 g ha'') (Fig. 16). However, in vitro dry matter digestibility in the range
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of 46-48 per cent was obtained in metsulfuron (1-2 g), chlorsulfuron (40
g ha') and metribuzin (25 g to 200 g ha™) treated pots.

HCN content (ppm): HCN content in sorghum plants at 40 DAS
was significantly affected due to herbicide residues. Significant decrease
in HCN content was observed with increasing levels of all the herbicides
except with 5 g of chlorsulfuron. The minimum HCN content was recorded
in metribuzin treated pots a;n; compared to other treatments (Fig. 16). The
highest HCN content (89 ppm) was observed in untreated plants of sorghum
which, however, found statistically similar with the lowest dose of

chlorsulfuron (5 g ha') (Table 37).



CHAPTER -5

DISCUSSION

Continuous use of a same herbicide for 10-15 years in monoculture
is generally known to result weed shift and development of resistance in
weeds against that particular herbicidc. The ﬁrst case of herbicide resistance
was reported in Phalaris minor against isoproturon in recent pastin Haryana
particularly in areas where riceéwheat cropping system was continuously
followed for 10-15 years (Malik and Singh, 1993). As aresult of it, efficacy
of isoproturon has come down and crop failure is now being reﬁorted.

Under this situation it was imperative to look for new alternative
herbicides having different mechanism of action which is effective in
controlling both grassy ahd broad léaved weeds and also selective to wheat
and subsequent crops grown in rotation. This investigation Was carried out
(for two years 1996-97 and 1997-98) to evaluate the efficacy of
chlorsulfuron and metsulfuron-methyl (or metsulfuron) new chemicals of
sulfonylurea group of herbicides alone and as tank mixture with metribuzin
and isoproturon for controlling compléx weed flora and their residual effect

on growth and quality of succeeding crop of sorghum grown in rotation.
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5.1 EXPERIMENT-1: Effect of sulfonylurea herbicides applied

alone and in combination with metribuzin
on weed control in wheat and their residual
effect on growth and quality of sorghum
succeeding crop (Field experiment)

5.1.1 STUDIES ON WEEDS

Behaviour of weeds as influenced by the treatments was studied in
term ,o‘f weed population (No.m?) and dry matter accumulation (g m?))at
different stages of crop growth. The dominant weed ﬂora in the wheat
experiment comprised of Phalaris minor, Coronopus didymus,
Chenopodium album, Melilotus indica and Anagallis 'arvensis in both
the years. Infestation of Cirsium arvense was observed only durihg second
year of experimentation. Infestation of all weeds was comparati?ely higher
in second year. This might be due to higher and uniform distribution of
rainfall in 1997-98 which could have favoured weeds growth. Besides this,
delay in sowing of wheatin 1996-97 by 20 days mighi have resulted in poor
weed growth (Table 7). Significant reduction in weed population and dry
matter accuinulation due to delay in sowing of wheat has also been reported
by Singh et al. (1997). Population of all‘ weeds was significantly reduced
due to hérbicidal tre‘atments as compared to weedy check at all stages of
observation in both the years (fig. 4 and 5). However the variation in weed
count and dry matter accumulation améngst the herbicidal treatments was
~ statistically significant. But the reduction in the population of Cirsium
arvense was not affected equally by all herbicidal treatments. Metsulfuron
(4 and 8 g ha™'), chlorsulfuron (30 g ha'), metribuzin (200 and 400 g ha?!)

and their tank mixture were very effective in controlling C. arvense than
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rest of the treatments. This was due to the fact that these are broad-leaved
weed killers. Similar findings were also reported by Pandey and Singh
(1994) at New Delhi and by Walia et al. (1997) at Ludhiana.

Amongst herbicide treatments metsulfuron (8 g ha '), chlorsulfuron
(30 g ha™'), metribuzin (200 and 400 g ha!) alone and combined application
of metsulfuron (metsulfuron-methyl) (2g ha') and chlorsillfuron (15gha)
with metribuzin (100 and 200 g ha ') separately proved the best combinations
for the control of mixed weed flora including Phalaris minor at 60 DAS
onward in both the years ( Table 14). Almost similar decreasing trend was
also observed in accumulating weed dry matter (Table 15 Aand Fig. 6)in the
respective treatments in both the years. Similar results were also reported
by Singh et al. (1999) and Bazoobandi (2001) at different locations. This
may be due the fact that metribuzin itseif is well known to affect the gromh~
of P minor and broad-leavedWeeds ir.x‘wh‘eé't.*- : |

Chlorsulfuron (3 Og ha“)f and metsulfuron (8 g ha') which are known
as broad-leaved weed killers were also fouﬁd very effective against P. minor
(Table 11) and were cofhparabie to-weed free and metribuzin applied alone
and in combination with metsulfuron (2g ha) énd chlorsulfuron (15g ha''). |
This might be due to the fact that chlorsulfuron and metsulfuron are quite
effective at higher doses against annual broad-leaved&wecds and annual grassy
weeds in wheat as reported by Vicari et al. (1994). Similar findings were
also reported by Singh et al. (1997) at Jabalpur and Singh and Malik (1992)
at Hisar. Bradford et al. (1989) and Mitra and Ghosh (1992) élso reported

the effectiveness of metsul‘furon-methyl (Algrip 20 WP) against grassy
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weeds in rice crop. The lower dose. i. e. metsulfuron (4g ha) and
chlorsulfuron 15g ha' were effective against broad-leaved weeds but were.
not effective enougﬁ to cause a reasonable level of control of Phalaris
minor in this present iﬁveétigation (Table 11). Isoproturon at 1000 g ha™
was not effective against Coronopus didymus, Melilotus indica, Anagallis
arvensis and Cirsium arvense (in 1997-98) in both the years. The
acceptablé confrol of broad-leaved weeds excepf C. album with isoproturon
was also not obtained by Panwar ez al. (1 996). This might\) be an account of
reduced efficiency of isoproturonron the population of broad -leaved weeds.
Application of tank mixture of met‘sulfumn (2g ha!) and isoproturon (500
g ha') could not control broad-leaved weeds and also Phalaris minor
because of their lower doses. Similar reports were also given by Panwar
et al. (1996) at H.A.U. Hisar.  The tank mixture of chlorsulfuron (15
g ha")“and isoproturon (500g ha®) provided selective control of broad-
leaved weeds except C. arvense but it failed to provide desirable reduction
in ihe density and dry weight of P. minor during both the years of
gXperime.nts. Similar observations were also recorded by Dixit and Bhan
(1967) atlJ abalp‘ur. Observation of weed population (No.m?) species-wise
and their total dry weight at 90-120 DAS (third sampling ) showed increase
in the population of Phalc;ris minor, Coronopus didymus and C. album in
first year due to new flushes of these weeds. It may be due to low residual
effect and persistence of all herbicides in soil in 1996-97. However new

flushes could not compete with well established wheat crop. ’4
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5.1.2 STUDIES ON CROP
5.1.2.1 Crop growth

The overall growth of wheat piants measured in terms of plant height
(cm), dry matter accumulation (g m™) and number of tillzrs per running
metre row length was comparatively less during the first year of
experimentation. This was due to late sowing of wheat and prolonged cloudy
weather at the time of sowing in 1996-97. Similar finding v.ith late sowing
of wheat was also reported by Singh et al. (1997). Observation at 60 DAS
showed that application of metribuzin at 200 g ha™ and 400 g ha" alone and
in combination with metsulfuron (2 g ha') resulted in stunting of wheat
plant growth compared to other herbicidal tréatments (Plate 1). Higher the
dose of metribuzin application, shorter was the wheat plant height and it
did not recover till harvest.‘ Hence significant difference was observed
amongst treatments at 60 DAS onward for each growth parameters in both
years except for plant height ét 60 DAS in first year. |

This may be due to mechanism of action of mctribuzin which interferes
in cell division, elongation, coleoptile growth and development in early
stages of growth. Besides above, metribuzi{n“injury to wheat plant might be
due to rainfall in both the years (received in the 2nd week after its
application; Table 1) which leached thg herbicides in to the root zone of
wheat and contributed to crop injury (Wicks et al., 1987)

Phytotoxicity of metribuzin remained visible upto 70 to 90 DAS on
wheat plants, which however recovered slightly but its residual effect on

wheat plants remained till harvest during both the years, as reflected by
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significant reduction in number of tillers, dry matter accumulation and yield
attributing characters as éompared to other herbicidal treatments (Tables
18, 19 and 20) in both years despite complete weed control (Plate 1 and
Fig. 7). Similar findings were also accorded by Shaw and Wesley (1992)
where wheat injury with 0.28 kg metribuzin was found sufficient to reduce
wheat vield dcspite gorod weed control of both grassy and broad-leaved
weeds. Phytotoxicity due to post emergence application of metribuzin at
210g ha' on wheat plant was also reported by Singh et al (1999). Higher
crop injury and lower number of tillers per metre“ row length due to
metribuzin application (400 g ha' ) were also reported by Balyan
et al (1997). |
| ‘Combined application of chlorsulfuron + metribuzin (15+100 aﬁd
15+200 g ha ) did not show aﬁy phytotoxicity (Plate 2) on wheét piant
however it was ‘highly effective on Phalaris minor and other broad leéved |
weeds and found statistically similar to other metribﬁzin treated plots
particularly for weed conttol (Table 11). This might be dué to the
| antagonistic effect of chlorsulfuron on m.etribuzin toxibity to wheat pla;nt'
but not to present weed ﬂara Chloréulﬁiﬁron (15 g ha?) applied with
metribuzin reduced wheat injury causéd by metribuzin. ‘This effect may
result from chlorsulfuron induced reduction of metribuzin uptake by wheat
plant or chlorsulfuron may stimulate the rate of metribuzin metabolism in
wheat. Similar results have also been documented by Colby (1967) and
Anderson (1986) who reported the occurrence of antagonism between
metribuzin and chlorsulfuron and found reduced metribuzin toxicity in wheat

plant compared to metribuzin applied alone.
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Gillespie and Nalewaja (1989) also reported the antagonistic effect
of chlorsulfuron to triallate toxicity to wheat. Similarily application of
chlorsulfuron to triallate did net reduce triallate toxicity to wild oat and
other broad-leaved weeds in their studies as we observed no reduction in
metribuzin toxicity to Phalaris minor and broad leaved weeds due to
- antagonism of chlorsulfuron. As aresult of aﬁtagonism, the tank mixture of
chlorsulfuron +meétribuzin (15+100 and 15+200g ha') became selective
to wheat crop and effective against Phalaris miﬁor and broad-leaved weeds
thereby resulting in significant increase in all gfowth parameters viz., plant
height, dry matter production, number .of tiller and effective tiller as
compared to season long weedy check.

Maximum and the minimum increase in‘ plant height was fouud in
season long weed free situation (39.84 and 97.15 cm) and in metribuzin
- treated plot {84.21 and 90.00 cm) except chlorsulfuron + metribuzin
(15+100 and 15+200 g ha') in both the years, respectively. No herbicidal |
treatment could bring significant increase in plant height as compared to
- season long weed infestation (Table 7). Metribuzin toxicity on wheat plants

seemed more during second year as reflected by higher decrease in plant
height over weedy check.

& Higher dry matter production was recorded in the plots under weed
free treatment (240.73 g m™in 1997-98 ) however, it was statistically at
par with the application of metsulfuror; 8 g ha! (234.33 g), isoproturon

| 1000g ha'(234.81g), chlorsulfuron30 g Ha" (235.55g), and chlorsulfuron
+ metribuzin (15+100 and 15+200 g ha'') (235.38 g ) (Fig. 7). This was
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because of better control of Phalaris. minor and broad-leaved weeds
offering minimum weed-crop competition than other herbicidal trcz‘ttments‘
(Fig. 4, 5). Dry matter production in 400 g metribuzin treated plots increased
gradually as compared to weedy check at later stages in both the years. |
However the increase in dry matter production in 400g metribuzin treated
plots was found significant during 1996-97. This might be due to reduéed
phytotoxicity of metribuzin at 400g ha'! with the advancement of crop age
during later stages of crop growth. No si gnificanf gain in dry matter
producﬁon in 400g meéribﬁzin treated plots in 1997-98 despite complete:
weed control might be due to prolonged metribuzin (400 g ha™) phytotoxicity
in second year of the investigation. | |
Growth of wheat plant in term of total number of tillers and effective
tillers was relatively better in the second year of experimentation. This
~ might be ‘due to timely sowing of wheat crop which could have giv;m énough‘
time for development of wheat plant. Number of tillers and effective tillers,
the major yield component were found to vary significantly owing to weed
~ control treatment in both the years, Significantly higher number of tillers
and effective tillers (Table 19, 20) per metre row length were recorded in
the plots under weed free treatment in both the years. This was because of
better crop growth owing to reduced weed-crop competition for nutrients,
light, space and moisture in season Iang weed free plots. Number of tillers
and effective tillers had been significantly more in plots: treated with
chlorsulfuron 30"g ha!, metsulfuron 8 g ha!, isoproturon 1000 g ha alone

and the tank mixture of chlorsulfuron + metribuzin (15+100 and 15+200
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gha') amongst herbicide treatments during both the years. This might be
due to vbetter control of both grassy and broad-‘leaved weeds and therefore
less weed-crop competition compared to their lower doses alone and in
combination with different herbicides. Tﬁese results are in close conformity
with the results reported by Singh et al. (1997) at Jabalpur. Metribuzin at
400 g ha' recorded significantly lower number of tiller (73.00 and 83.00)
and effective tiller (73.00 and 77.67) among herbicidal treatments 1n both
the years (Table 19, 20). This might be due to metribuzin phytotoxicity
observed in all metribuzin treated plots except chlorsulfuron + metribuzin
in both the seasons (Plate 1 and 2).

The phytotoxicity that reduced dry matter accumulation by wheat
also resulted in lower number of tillers and effective tillers despite
" negligible weed-crop competition inr both thé years. Similar findings were
also reported by Balyan (19995 where 16-15% redﬁctiéh’ in tiilering was
observed with metribuzin at 400 g ha -'. Reduction in wheai crop dehsity
due to metribuzin phytotoxicity Was also repofted- by Singh et al (1999).
5.1.2.2 Yield attributes and yield | |

Effect of wéed control treatments on number of’ effective tillers
(No.m™), major yield contributing charaster have already been discussed
under the effect on growth.

Length of earhead and number of grains per earhead are dominant
~ genetic feature or trait of plant described by breeder. But being the resultant
of crop gfovn‘_h, they were signiﬁcanﬂy higher in weed fi'ée plots (9.0-

'9.7cm and 45.16-48.00) due to no weed com-petitio&n. Significant
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improvement in all yield attlributes including test weight (except in 1996-
97) (Table 20) was obtained with the application of all herbicides probably
because of lower weed population and dry weight. Relatively higher increase
in yield attributes was recorded in chlorsulfuron 30g ha™, chlorsulfuron +
metribuzin (15+100 and 154200g ha™'), metsulfuron 8g ha ! and metribuzin
400g ha™! treated plots amongst herbicidal treatments in both the years. This
could be attributed to their significant effect on both P. minor and broad-
leaved weeds in comparision to the other herbicides. The results are in
accordance with the findings of Singh et al. (1997) and Walia et al. (1997).
Application of metribuzin at 400g ha! did not effect earhead length, number
of grains per earhead and test weight inspite of high phytotoxcity at early
stages in both the years. This probably might be due the reduced
phytotoxicity of metribuzin with the advancement of the crop age and
maximum availability of moisture, nutrients, light and space due to less
competition within the established crop plant per running metre row length
as reflected by reduced tillering and high mortality by 400 g of metribuzin
than other herbicide treated plots. The lowest values of all the yield
attributing character were obtained under season long weedy condition. This
was due to the fact that wheat plants in weedy check were under competitive
stress for all resources and thereby produce smallest earhead (7.9 cm),
fewer grains per earhead (38.43) and lower test weight (36.67 g). Similar
observation were also recorded by Dixit and Bhan (1997) and Singh and
Bajpai (1992).

Grain yield is the resultant of above mentioned attributes. Therefore,

maximum expression of yield attributes viz. Effective tillers, earhead length,
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grains number per earhead and test weight due to reduced crop-weed
competition in weed free plot resulted the highest increase in grain yield.
by 30.98 per cent and 33.12 per cent in 1996-97 and 1997-98 res;;ectively
over season long weed infestation (Table 21 and Fig. 8) In general grain
yield was comparatively lower in 1996-97 than 1997-98. This was due to
late sowing of wheat wherein the period required for ear and grain
development was not sufficient and the increased temperature during the
month of April coincided with the grain development leading to forced
maturity of the crop. Similar findings have also been reported by Singh et
al. (1997). Besides the above fact, higher and frequent rainfall received
during March and April might have also effected the .development and
maturity of grain during first year of experimentation (Fig. 1). |

All herbicide treatments si gniﬁcantly increased the grain and straw
yield (Table 21) over weedy check»during Bo»th the season. However the
application of chlorsulfuron _30 g ha“,metsulfuron 8 g ha™,and chorsulfuron
+ metribuzin (15+100 and 15+200 g ha) weré comparable to weed free
plot in term of higher grain and straw yield in both the years (Fig. 8). The
better performance of these treatments in term of grain yiéld could be
attributed to better expression of their yield attributes due to reduction in
crop - weed competition. This could be attributed to their selectivity to
crop and significant effects on Phalaris minor and broad-leaved weeds.
Balyan and Malik (2000) recérded more or less similar yields to weed free
yields with the application of chlorsulfuron 25 and 30 gha“and metsulfuron

4 and 6 gha'.
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Kurchania et al. (2000)" also reported the poor efficacy of
metsulfuron 4 gha' against P. minor. The minimum increase of 13.97 per
cent and 6.3 per cent grain yield was recorded in 400 g xﬁetribuzin treated
plot amongst herbicidal treatments despite complete weed control in 1996-
97 and 1997-98, respectively. This was mainly due to metribuzin
phytotoxicity to wheat (Plate 1) which expressed in term of minimum
increase in crop dry matter accumulation and in number of effective tillers
during both the years of experimentation. However, the ' magnitude of yield
reduction due to metribuzin toxicity was comparatively higher in second

-year. This was due to lower méan temperature (during 1997-98) following
its application which might »héve restricte‘d‘ its degradation (breakdown)
resulting in its longer persistence in the top soil and immediate

_ phytotoxicity (Fig. 2). Lower degradation rates in the cooler condition of
the winter months following post-emergence application of herbicides are
reported by Anderson and Humburg l(1987). Rapid detoxification of
herbicides under the effect of high mean temperature was also reported by
Yadav et al (1995) at Hisar. Lower grain yield in metribuzin 200gha™ and
tank mix application of metsulfuron + metribuzin (2+100 g and 2+200 g
ha') despite having high efﬁcacy‘ against all weeds was due to phytotoxic

effect of metribuzin as reflected by the lower increase in crop dry matter
accumulation and number of effective tillers per metre row iength. Dry
matter accumulation in straw followed almost 51m11ar trend to those
obtained in grain yield under different weed control treatments in both the
years and therefore followed the same result and the same _]ustlﬁcatmn may

hold true.
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The highest -harvest index and the lowest H I were recorded in weed
free and weédy check plot in both the years. However the proportion of
grain an’d straw produbtion was almost similar in all treatments irrespective
of doses, herbicides and tank mixture in both the years of experimentation.
5.}1.2.3 Nutrient uptake by crop

Al'l‘ the weed control measures except metribﬁzin 400 gha! and
metsulfron + isoproturon ( 2+500 g ha™ ) significantly increased the uptake
of NPK by crop than weedy check (Table 22-24). However the per cent
cohtents of these nutrients in the wheat plant were not significantly
influenced by different weed control treatments in both the years. Maximum
nutrient uptake by crop was ‘registered in weed free plot showing 38.32,
39.25 and 32.36 per éent increase in N, P. and K uptake over unweeded
plot.;

| Ap-pliCation of chIOrSui‘farOn 30 g ha!, chlorsulfuron + metribuzin
(15+100 and 15+200 g ha' ), metsulfuron 8 g ha! and isoproturon 1000 g
ha'! were compérable to weed free condition and resulted in higher uptake
of nutrients Ey crop thah rest of the herbicide treatments (Fig. 9). This was
due to the fact that weed control treatments controlled the weeds effectively
and consequently made more nutrients available to wheat and enhanced
nutrient concentration and the yield and thereby higher uptake of nutrients.
Similar findings have been feported by Singh anci Malik (1992). Higher
NEK uptake by crop in hand weeded or herbicide treated plot also reported
by Pandey ’e‘t al. (2000). This was due to reduced dépletioﬁ 6f nutrients by

weeds and concomitant increase in the absorption and translocation of higher
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concentration of these nutrients to differént wheat plant parts for enhanced
photosynthetic efficiency. Metribuzin at 400 g ha™ also resulted in lower
increase in P uptake by crop due to its phytotoxic effect which resulted in
less plant biomass (Fig. 9).
5.1.2.4 Residual effect of herbicides on kharif season weeds

Growth of 7 rianthema portulacastrum and E. colonum in term of
their population and dry weight was significantly reduced due to the
herbicide treatments given i‘n wheat crop (Table 25). No single plant of
sz’anzhema portulacastrum was found in entire 30 g chlorsulfuron treated
plot (Plate 3). The lowest population (40 m?) and dry weight (25.04 g m?)
of E. colonum was also recorded in the same plot. This might be dﬁe to the
residual activity of the applied herbicides which increased with increasing
rate of a};plicati‘on.‘ Chlorsulfuron rcsidues were detected By Vicari et al.
( 1994) even after 15 months of its application at 30 g ai ha'. However, no
residues was detected by the maize bioassay at 15 g a. i.ha' and 8 g a i.
ha!, of chlorsulfron and metshlfuroﬁ, respectively. The treatments involving
combination recorded the higher reduction in population and dry weight
of both the weeds than their application alone (Table 25). This might be
due to synergistic response of herbicide interaction in combined
application. All the experimental plots were uniformly mfested with the
population of Cyperus rotundus irrespective of dose, herbicide and
combination which reﬂccted that C. rotundus was not at all affccted by the

herbicide residues (Plate 3)



121

5.1.2.5 Residual effect of herbicides on sorghum crop (Field bioassay)
(a) Growth studies |

Sorghom plant population (No. m™) was not affécted due to herbicide
treatments applied in the wheat crop in béth the years of experimentation.
(Plate 4). This might be due to the fact that chlorsulfuron and metsulfuron
being anionic, weakly adsorbed to soil and leached through the soil in to
deeper layer due to high rainfall received before and aftef the sowing of
sorghum crbp (during July - August). As aresult sorghum plant populaﬁon
remained unaffected in both the seasons. Similar findings were also
reported by Petcrson and Arnold (1985). Plant population of sorghum was
comparatively higher in the 1996-97 than 1997-98. This was due to better
rainfall received durihg July and August, 1996-97 (Fig. 1).

Height of sorghum plant (cm) was significantly affected by herbicides
résidues at 40 and 80 DAS in the 1997-98 (Fig. 10). Height of sorghum
plant grown in plots treated with 30 g of chlorsulfuron was significantly
lower than the rest of the plots (Plate 4). However, the difference in the
value of plant height amongst treated and nontreated plot wa.é found non-
significant. At later stages of crop growth (40 and 80 DAS), rbots ‘of
sorghum plant might have come in contact of herbicide residues accumulated
in deeper soil layer and thereby resulting in stunted growth (Plate 4). Effect
of residues of chlorsulfuron or other herbicides even at their highest dose
was not evident on the grthh of sorghum crop in 1996-97. In general the
 persistence, behaviour:and the residual phytofoxicity to sénsitive rotational

crops of the most soil applied herbicidés in the soil is greatly determined
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or controlled by tem‘perature, soil pH and soil moisture (Palm et al., 1980).
Because degradation rate of hrerbicic»ies is more under higher mean
temperature and thereby resulting in lower pérsistence. In 1996-97, the mean
temperature in 2-3 weeks following herbicide treatment was comparatively
highcf than 1997-98 which might have résulted in rapid dissipation of the
chemicals in initial period during 1996-97 than in 1997-98. Similar
| findings were also reported by Eleftherohorinos and Syka (1989) and Yadav |
et al. (1997). |

| Chlorsulfuron and metsulfuron are the new members of the

sulfonylurea group of herbicides and closely related chemically but their
~persistence behaviour may be slightly different under the same

gnvironmental‘ cbnditibns (Vicari et al., 1994). In the present metsulfuron
. 8g ha"l did nof affect the plant height and bther growth parameters of sorghum
grown after wheat harvest. This might be due its lower level of residual soil
'bioactivity compared to chlorsulfuron (30 »g ha'). Similarly, Vicari et al.
(1994) also detected no residues of metsulfuron 8 g‘ha'l and chlorsulfuron
15 gha in maize bioassay. Metsulfuron may .Be confined to Surface layer
which being microbiologically active, may*‘help in its faster degradation
than the chlorsulfuron moved in to deeper léyer up to (30-50 cm ). Residues
of these herbicides orice moved in deeper layer a;e known to unavailable to
micro organism but available for uptake by rotational crops in deeper layer
of soils (Walker et al., 1989).

resh and dry weight of sorghum plant per métre roW'l¢ngth (gm™)

‘were significantly lower at 40 and 80 DAS in those plots where 30 g and



123

400 g of chlorsulfuron and metribuzin were applied respectively in the whe;it
in 1997-98 (Fig.11). While in 1996-97, no significant difference recorded
in their values compared to untreated.‘ The similar justification as described
in respect of plant height holds true for this reduction alsb. This was
relatively due to higher residual bioactivity of chlorsulfuron (30 g ha™') and
metribuzin (400 g ha'') at higher rate than first year of the experimentation.
Reduction in fresh weight of maize, sunflower, sugarbeet and onion due to
the residual activity of chlorsulfuron and metsulfuron was ‘reported by
Brewster and Appleby (1 983), Eleftherohoﬁnoé and Syka (1989) and Yadav
et al. (1995).

The reduction in the fodder yield was not significant in both the years
in any of the herbicide treatments given to wheat crop. However the lowest
yield of fodder was noted under» the influénce of 30 g of chlorsulfuron (Table
29). | N
(b) Quality (Fodder)

Residues of the herbicides affecting the growth of sensitive
rotational crops would certainly influence their quality directly or
indirectly. Because the quality produce o‘f any field crop is totally the
resultant of its growth maintained in the entire seasen. Residues of
chlorsulfuron (30 g ha!) and metribuzin (400 g ha'') affected the growth of
, sorghuin in term of plant height, fresh and dry weight. Therefore their effects
on the major component of fodder quality viz, protein content, tannin
contenf and in vitro dry matter digestibility were expected in second yeﬁr

of sxperimentation.
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Protein content was not significantly influenced due to the residues
of applied herbicides (Table 30). However, the lowest value of protein
content was noted in untreated plots. But increase in tannin content was
significantly more in herbicide treated plots as compared to untreated plots
(Fig. 12). The highest value of tannin content was recorded in those plots
where tank mix of chlorsulfuron + isoproturon (15+500 g ha'!) was applied.
Chhlorsulfuron (30 g ha') and metribuzin (400 g ha?) also recorded
significant increase in tannin content of their sorghum plants (Fig. 12). The
plots treated with combination registered higher accumulation of tannin
content than those treated with individual herbicide. This might be due to
their additve response which enhanced th¢ accumulation of tannin content
than their individual application.

Diges‘tibility of the sorghum dry matter was sighiﬁ cantly reduced
due to the residual bioactivity of all hefbiéides applied in wheat. This was
due to the fact that dry matter digestibility is inversely related with tannin
content of that pérti‘cul ar dry matter. Tannin form non-foaming complexes
with proteins and there by decrease the palatability of forages due to
astringeﬁcy (Jones et al., 1970) As the tannin content of thé dry matter
increased, the digestibility of that particular dry matter decreased
automaticélly (Fig. 12). Arora and‘Luth:aA(1974) observed that with each
unit increase of tannin, the digestibiluity is reduced by 6.36 per cent. The
dry matter of the highest and the lowest digestibility was obtained in
untreated (weed free and weedy check maintained in wheat crop ) and |
chlorsulfuron + isoproturon (15 + 500 g hal) treated plot, respectively

(Fig. 12).
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5.2 EXPERIMENT II : Bio-efficacy and selectivity of sulfonylurea
herbicides against important weeds in wheat
and their residual effect on mungbean and.
sorghum succeeding crops (Pot culture study)

5.2.1 Triticum aestivum

Metribuzin was found phytotoxic to wheat plant (Plate 5-A) at all the
doses applied'_ and caused 86 to 100 per cent mortality (Fig. 13 ) within a
period of a week of its application. Fresh and dry weight were significantly
reduced to the extent of 92.28 and 83.14 per cent, réspectively in 200 g
metribuzin treated pot (Plate 5). Phytotoxicity of metribuzin to wheat plant
have already been reported by several researchers at different location in
India and abroad (Balyan et al., 1997 ; Balyan, 1999 and Singh ez al., 1999)).
Chlorsulfuron and metsulfuron did not affect growth of wheat plant
‘irrespective of the doses.
5.2.2 Avera Iudovzcwna Dur o

Nlnety-exght to hundred per cent mortahty of wild oat (Fig. 13) was
recorded with the application of metribuzin at 25 to 200 g ha™! and thereby
.resulting in the lowest fresh (0.250 g) and dry weight (6.226 g) ‘(Plate 5-
B). Similar ﬁndingé wére also documented by Balyan (1999) where 75 to
98 per vc‘ent mortality of Avena Zudovf?iana was obtained with the
application of metribuzin-at 200 g ha". Cﬁlorsulfuron at 40 g ha? also
brought significant reduction in all growth parameters of wild oat. However,
3.33 per cent mortality cf the wild oat was recorded with .th'c chlorsulfuron
application. | | |
5, 2.3 Phalarts minor Retz.,

Growth of P. minor was drastlcally reduced with the apphcatlon of
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all the herbicides (Fig. 13). However, 100 per cent mortality of Phalaris
minor was obtained with 50 to 200 g of metribuzin and 40 of chlorsulfuron
application which were closely followed by 20 g of chlorsulfuron (96.66%)
and 25 gof m‘etribuzin (96.66%) resulting equal mortality (96.66%) (Plate
5-A and 6). The higher efficacy of metribuzin on P. minor was also reported
‘Balyan (1999) and Singh et al. (1999) in field from 140 to 420 g ha™
Application of chlorsulfuron at 10 gha caused 86.66 per cent mortality
of P.minor which was 43 per cent higher than that obtained by the higher
dose of metsulfuron (4 g ha'). The highest reduction in fresh (0.038 g) and
dry weight (0.027g) of P.minor was noted in metribuzin treated pots which

was followed by 40 g of chlorsulfuron. Singh et al. (1997) also reported
that 20g of chlorsulfuron controlled P.minor by 87.5 per cent at Jabalppur.
~ Metsulfuron also‘ at 1 and 2g brought significant reduction in height (4.42-
6.75 cm), number of leavés (0.80-1.0), fresh (0.084-0.180 g) and dry weightr
(0.035-0.134 g) of P.minor compared to untreated plant (Plate 6). However .
its performance in controlling P. minor was inferior to m'etrib‘uzilirl‘and

chlorsulfuron. Kurchania et al. (2000) also reported the poor efficacy of
" metsulfuron at 4 g ha'against P. minor at Jabalpur in field condition. |

5.2.4 Melilotus indica L.
All the herbicide treatments caused significantly highér mortality of
"M.indica as compared to untréafed pots (Fig. 13 and Plate 7). However
100 per cent mo‘»rt»alilty of this weed was recorded at all the doses of
metribuzin 4 g of metsulfuron and at 20 and 40g of chlorsulfurin. Blackshaw
- (1994), Panwar et al. (1996)and Walia et al. (1997), reported the higher

efficacy of metsulfuron (4 g ha')and chlorsulfuron (15 g ha') against
M.indica.
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5.2.5 Coronopus did};mus, Chenopodium album and Anagallis arvensis

All the herbicide treatments except the lowest dose of chlorsulfuron

(5 g ha') and metsulfuron (1g ha') caused 100 per cent moftality of all
three broad leaved weeds (Fig. 14). Similar trend in reduction in their fresh
and dry weight was observed under the inﬂuenée of all three herbicides
(Table 35). However, the magnitude of reduction in fresh and dry weight of
these three weeds }was comparatively higher in metribuzin applied pots.
Similar findings were also reported by Panwar et al. (1996).
5.2.6 Residual effect on mungbean grown in herbicide treated pots
Per cent germination of munbean seeded six month after herbicide
application was significantly reduced due to the residual phytotoxicity of
all three herbicides (Table 36; Fig. 15). Highest (63.34) aﬁd the lowest
(16.67%) reduction in per cent genmination was recerded in chlorsulfuron
(40 and 20 g ha') and metsulfuron (2 and 1 gha) respectivély (Plate 8).
. Germination percentage was decreased with corresponding increase in the
doses bth the hérbicide. The residues of metribuzin at 200 g ha’ brought |
about 53.34 per cent reduction in germination of mungbean. Growth of
mungbean plant in term of height (cm plant?), number of green leaves
(No.plant™), leaf area (cm? plant™), fresh and dry weight (g plant™ ) was
significantly less under the influence of the .vrcsidues.in all three herbiéides‘
| (Table 36). This was due to the inhibition of Acetolactate synthase activity
which decreased production of branched chain aminoacids and leaf extension
in sensitive crops (Ray, 1989). Reduction in fresh and dry weight of
mungbean seedling due to residues of tribenuron methy was also reported
by Punia et al. (1996) at Hisar. However, the magnitude of reduction in the

growth parameters of mungﬁean plant was significantly higher due to the
residues of 40g of chlorsulfuron followed by the residues of 200 g ha

metribuzin and 4 g ha! of metsulfuron.
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5.2.7 Residual =ffect on sorghum
Germination of sorghum was singificantly lower due to the residual
bioactivity of sulfonylurea herbicides particularly'at their highest dose
applied (Table 37; Fig. 15). The extent of reduction in per cent germination
- was higher in chlorsulfuron 40 g (26.67%) than in metsulfuron 4 g g ha~
(13.34%) (Fig. 15). But increase in height, fresh and dryv weight was
significantly affected due to the residual bhytotoxicity of all three
herbicides (Plate 9-A). Reduction in all growth parameters was increased
with corrésponding increase in the rate of the herbicide applied. However
the poorest growth of sorghum plant in term of height, fresh and dry weight
was observed in 40 g chlorsulfuron treated pots (Plate 9). Reduction in

fresh and dry weight of snap bean and corn due to residues of chlorsulfuron

(35g ha'!) was also recorded by Brewster and Appleby (1983) and Petersbn
and Arnold (1985). | |
Protein contentin sOfghum plants was significantly less in herbicide
treated pots which further decreased with increase in the rate of the
~ herbicide application, whereas a opposite trend in tannin content was
observed which was significantly more in the herbicide treated pots (Fig.
16). Dry matterdigesti’oility was significantly lower in herbicide treated
pots and decreased with corresponding increase in the rate of hefbicide
application. Reasons for this has already been explained earlier in field
experiment with regard to qualities.“Acéumu]ation of tannin content was
significantly higher in metsulfuron treated pots than rest of the herbicides
(Fig. 16).
~ HCN content known for deciding the suitability of a fodder to feed
3ani1'nals at early stages of growth, was also affected by the herbicide
treatments. HCN content was significantly lower in all the herbicide treated

pots except 5g of chlors’xilfumn (Fig. 16). The role of these herbicides in
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reducing HCN content in sorghum plants is still to be confirmed as HCN
content is also known to be influenced by abiotic factors such as
temperature, water stress, irrigation, low light intensity, plant age, nitrogen
and phosphorus fertilization in the field at the time of its estimation

(Pederson et al.},l996 and Stochmal and Oleszek, 1997).



CHAPTER -6

SUMMARY AND CONCLUSION

The investigation “Evaluation of sulfonylurea herbicides for weed
control in wheat (Triticum aestivum)” was undertaken during the rabi season
of 1996-97 and 1997-98 at Agronomy Farm of Chaudhary Charan Singh.
Haryana Agricultural University, Hisar. The salient findings of the

investigation are depicted hereunder:

. EXPERIMENT-I: Effect of sulfonylurea herbicides applied alone and
| ' in combination with metribuzin on weed control in
wheat and their residual effect on growth and quality
of sorghum succeeding crop (Field experiment)

1. Application of chlbrsulfuron at 15 gha' and metsulfuron at 4 gha'
controlled all the broad-leaved weeds effecﬁve]y but not Phalaris
minor. ‘

2. Application of metsulfuron - methyl at 4 g or 8 g ha' found very
effective in controlling Cifsizin? arvense than rest of the treatments.

3. Application of the higher dose of sulfonylurea herbicides
(chlorsulfurcn 30 g and metsulfufon-methyl at 8 gha') resulted
significant reduction in the density and dry wéighf of both broad-

leaved and grassy weeds (P. minor ) in both the years.
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Application of metribuzin at 200 ‘and 400 gha' resulted complete
control of composite weed flora comprising Phalaris minor, Cirsium
arvense, Coronopus didymus, Chenopodium album, Melilotus
indica, Anagallis arvensz’s except Convolvulus arvensis.

Tank mixture of sulfonylurea herbicides with metribuzin recorded
broad spectrum control of weeds excépt Convolvulus arvensis.
Isoproturon at 1000 g ha™ provided satisfactory control of P. minor
but not of broad-ieaved weeds.

The highest value of wheat dry matter production, number of tillers,

- effective tillers, earhead length, number of grains per earhead, 1000

-grain weight, grain and straw‘yicld was recorded in season long weed
free environment,

Season long weed free environment and application of chlorsulfuron
30 g ha', métsulfur_’on-met‘hyl 8 g ha'and tank mixture of
chlorsulfuron + metribuzin (1 S-FIOO and 15+200 g ha') were equally
effective in increasing all gbwth parameters of wheat crop.
Application of metribuzin (200 g and 400 g ha' ) alone and in
combination with metsulfuron-methyl (2 ghal) was phytotoxic to
wheat crop upto 80-90 DAS and resulted considerable reduction in
wheat growth. &

Uncontrolled weeds caused 30.97 and 33.12 per cent reduction in
the graivn-yield of wheat during 1996-97 and 1997-98, respectively.
Weeds depleted 35.01 - 38.32, 36.49, 39.23 and 27.41-32.36 per
cent N, P and K respectively, when allowed to grow with the crop

uninterrupted.
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Fodder yield (q ha™) and protein content (%) of sorghum were not
significantly affected due to the residues of herbicides.

Tannin content (%) of sorghum plant on the contrary was significantly
higher whereas in vitro dry matter digestibility (%) was signiﬁcaﬁtly

lower in the herbicide treated plots than untreated plots. |

EXPERIMENT -11: Bio-efficacy and selectivity of sulfonylurea

“herbicides against important weeds in wheat
and their residual effect on mungbean and
sorghum succeeding crops (Pot culture study)

Metribuzin was phytotoxic to wheat plant at all the rates of application
and caused 96 to 100 percent mortality within 5-6 days of its
application.

Application of chlorsulfuron and metsulfuron did not influence the

growth of wheat plant irrespective of their doses applied.

-Ninety eight to hundred per cent mortality of wild oat was recorded

with the application of metribuzin at 25 to 200 g hal,

No mortality of wild ‘oat- was recorded with the app‘licatioﬁ of
sulfonylurea herbicides, but chlorsulfuron at 40 g ha ! brought
significant reduction in its growth. |
Application of metribuzin at 50,160 and 200 g ha! and chlorsulfuron
at 40 g ha *! caused 100 pef cent mortality of P. minor but metsulfuron
caused 54 per cent mortality at 4 g ha™.

Application of metribuzin (25 to 200 g ha'), chlorsulfuron (40 and
20 g ha! ) and metsulfuron (4 g ha™) caused 100 per cent mortality

of Meili_latus indica, Coronopus didymus, Chenopodi.um album and

Anagallis arvensis as compared to untreated pots.
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Pot bioassay study - Mui_lgbean

7. Per cent germination of mungbean was significantly reduced due to-
the residual phytotoxicity of chlorsulfuron (40 and 20 g hé“‘ ),
metsulfuron (2 and 1 g ha) and metribuzin (200 gha').

8.‘ Reduction in growth of mungbean in terms of height, leaf number
(green), fresh and dry weight was increased with corresponding
increase in the dose of the herbicide. |

Pot bioassay study: Sorghum

9. Per cent germination of scrghum was significantly lower due to the
residual bioactivity of sulfonylurea }herbicide‘s particularly at their
highest dose applied. |

10. Height, fresh and ~dry weight of sorghum plant were significantly
affected dllle to the residual phytotoxicity of all three herbicides.

11.  Protein content (%), HCN content (ppm) and t;n vitro dry matter
digestibility (% ) of sorghum plant were reduced whereas tannin
content (%) increased significantly in all three herbicides;

Con.clusion

- Application of chlorsulfuron at 30 g ha!, metsulfuron-methyl 8 g
ha' and tank mix of chlorsulfuron + metribuzin (15+100and 15+200 g
ha'') found very effective against inixéd weed flora and were similaf to WCéd
free environment in produéjng grain yield in both years of the study.
Application of chlorsulfuron (15 g ha'!) and metsulfuron (4 g ha') at lower
dose was also effective against broad leaved weeds. Single and mixture
application of metribuzin w1th metsulfuron (2 g ha!) was Aphytbtoxic' to

wheat crop.



Growth of sorghum plants was affected due to the residues of 30 ¢
of chlorsulfuron in 1997-98. Fodder yieid of sorghum was not affected
during both the years. Metribuzin resulted in complete control of complex
weed flora including wild oat, vis-a-vis remained phytotoxic to wheat.
Application of chlorsulfuron and metsulfuron was found very effective
against all broéd-leaved weeds. Chlorsulfuron at higher dose also caused
100 per cent mortality of Phalaris minor in pot culture study.

Germination and growth of mungbean and sorghum was significantly
reduced due td the residual activity of all the herbicides in pot culture study
’which confirmed their sensiuvity to residues applied herbicides. Protein
content (%), dry matter digestibility (%) and HCN content {(ppm) were
significantly lower in herbicide treated pots, whereas tannin content (%)
increased with increase in rate of herbicide application.

- F’uiure iine of work | o

Efficacy of suifonyiurca hcrbiéides _ég‘ainst» grassy Weeds né‘e‘dév"to
be evaluated by further experimentation under largely infested field at other
locations. Residual effect of chlorsulfuron at 30 g ha' on growth of
- sorghum plant at 40 and 80 DAS observed in second year needs further
experimentation to quantify its residues levels and their effects on
succeeding crops at different doses by G.L.C. technique under different
temperature and rainfall conditions. ‘Vari‘ation 6bserved in protein content
(%) tannin content (%), dry matter digestibility (%) and HCN content (ppm)
~of sorghum plant duev to the effect of herbicide residues in field as well as
1in pot culture study are further requ‘i‘red.to be conﬂrm’éd by further
exprimentation on the residual effeqts-of these herbicides on different

succeeding crops especially corn and forage crops at different location in

India.
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Field and pot experiments were conducted during 1996-97 and 1997-98 at
the Agronomy Research Farm of Chaudhary Charan Singh Haryana Agricultural
University, Hisar to evaluate the efficacy of sulfonylurea herbicides alone and in
combination with otiier herbicides for controlling weeds in wheat and their
residual effects on the sorghum crop in field as well as in pots. Season long
crop-weed competition reduced the grain yield by 30.97 - 33.12 per cent as

compared to weed free environment. All the weed control treatments resulted in
significant increase in grain yield over weedy check owing to lesser crop-weed
competition in both the years. Application of chlorsulfuron at 30 g ha”,
metsulfuron 8 g ha" and combined application of chlorsulfuron and metribuzin:
at 15 + 100 g ha™ and 15 + 200 g ha"* resulied in complete control of composite
weed flora, thereby yielded as good as weed free environment. Metribuzin alone
at 200 and 400 g ha" and in combination with metsulfuron at 2 g ha™ was .
‘ phytotomc to wheat plants in ﬁeld as well as in pot experiment. Growth of
sorghum grown after wheat was significantly affected due to the residues of
- chlorsulfuron 30 g ha followed by metribuzin 400 g ha™ in both the conditions.
Tannin content (%) and in vitro dry matter digestibility of sorghum pl,an'ts were
found to be significantly affected in the herbicide treated plots in both field as
well as in pot culture study. |
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