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INTRODUCTION

Rice-wheat system is a predominant cropping system in india. It is
estimated to be followed in 10.5 million hectares, which is mostly concentrated in
the irrigated tract of five Indo-gangetic states Uttar Pradesh, Punjab, Haryana,
Bihar and West Bengal. This system contributes more than one-fourth to total
foodgrain production and is backbone of food security in India. Hence, rice-wheat
cropping system will remair{ as pivot in future planning for food self-sufficiency at
national level on sustainable basis. In recent years, however, this cropping
system is showing signs of “fatigue” due to various reasons. One of the puissant
factors that markedly brings down the productivity of the system is severe weed
infestation. Continuous cropping of morphologically changed varieties of these
two crops éhd shifting paradigm of sowing have led to manifold increase in the
incidence of weeds in rice-wheat zones causing heavy yield losses (Pandey and
Singh, 1997). Crop vield losses due to weeds have been estimated to range from
15 to 45 per cent in transplanted rice (Mukhopadhyay et al.,, 1985; Raju and
Reddy, 1995; Nandal et al., 1999b) and 10 to 57 per cent in wheat (Pandey and
Singh, 1997; Chopra et al., 1999; Pandey, 2002a). Thus, timely and effective
controf of weeds is pivotal to augment the productivity of rice and wheat.

The progressive modernization of Indian agriculture involving intensive
use of herbicides is gaining populdfity in recent years. In many instances,

-

means for controlling

herbicides offer the most Qractical, effectjysSams &

> (3 g
st acceptable and ¥ely used measure

weeds. Chemical weed control is thef.
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in many rice-wheat zones of Indo-gangetic plains. Herbicides are used in about
80 per cent of rice and 50 per cent of wheat area in Punjab and Haryana.

Anilofos and pretilachlor have been reported to be effective against most
of the weeds in rice. Lately, flufenacet (Foe 5043) is reported to be effective at
very low doses particularly against grassy weeds in rice (Deege et al., 1995).
Isoproturon is a major input in wheat production since 1978 (Gill et al., 1978) and
has stabilized its production by shielding at least a quarter of loss in the potential
yield of wheat (Malik and Singh, 1993). But the most rampant weed Phalaris
minor has already developed resistance against it thereby compounding the
problem of its control. Hence, alternate herbicides with different mode of actions
are the need of the day. The performance of new herbicide suifosuifuron and
uncommon metribuzin has been found promising against grassy and
broadleaved weeds in wheat (Pandey, 1999; Chhokar et al., 2001; Das and
Yaduraju, 2602; Pandey et al., 2002a).

Agriculture h;as always had and always will have environmental as well as
other concerns. The benefits of herbicide use must always be weighed against
their risks. Widespread and increasing use of herbicides are causing concern
about their potential ecological effects. Earlier studies (Nandal and Singh, 1994a;
Radhamani et al., 199.7; Dubey et al.,, 1998; Balasubramanian et al., 1999)
showed that anilofos, pretilachlor and metribuzin persist in soil for varying length
of time depending upon dose, soil and agroclimatic conditions. However,
information available on the environmental fate of new herbicides flufenacet and

sulfosuifuron is scanty in liferature. Hence, information on direct and residual



effects of herbicides is important to use them safely and effectively in a rice-
wheat cropping system.

In view of above, an experiment entitled “Direct and residual effect of
herbicides in a rice;wheat cropping system” was condUcted at the Indian -
Agricultural Research Institute, New Dethi with the following objectives:

1. To study the direct and residual effects of herbicides on crops and weeds.
2. To study the persistence of herbicides in soil and crop.

3. To suggest economically viable weed control measures for rice-wheat

cropping system.



REVIEW OF LITERATURE

An attempt has been made in this chapter to review the available
information relating to weed management in transplaﬁted rice and wheat
separately and in sequence as weil as their residual effect on succeeding crops.
However, information on residual effect of herbicides in rice-wheat cropping
system is scarce in literature.

Major emphasis is laid on the work done on effect of herbicides on weed

flora, crop-weed competition, besides information on residual effect and

persistence of herbicides.
2.1 Weed flora
211 Weed species in rice

In Pgnjab, Chela and Gill (1980) observed preponderance of Ischaemum
rugosum and Caesulia axillaris in rice. In West Bengal, Echinochloa colona,
Paspalum scrobicufatum, Cyperus difformis, Cyperus iria, Fimbristylis littoralis,
Ludwigia parviflora, Oldenlendia dichotoma, Sphenoclea zeylanica and
Monochoria véginalis were the predominant weed species in rice (De and
Mukhopadhyay, 1983; Bhowmick et al, 2000). In Himachal Pradesh,
Echinochloa crusgalli, Echinochloa colona, Ammania baccifera, Cyperia iria,
Cyperus esculentus, Cyperus difformis, Panicum sp., Aeschynomene indica,
Monochoria vaginalis, Setaria glauca and Commelina forskalli were the dominant
weed species in the rice field (Singh and Kharawara, 1984; Angiras and Rana,

1998). At Samasfipur‘ theﬁ important weed species observed in rice field were



Physalis minima (6%), Rungia repense (3%), Dactyloctenium aegyptium (2.5%)

and Digitaria adscedens (Pandey and Thakur, 1988). In Gujarat, Pate| et al.

(1988) observed preponderance of Panicum colona. Sporobolus indicus,

Caesulia axillaris, Cynotis sp., Ammania baccifera and Ludwigia octovalvis in rice

field. In Madhya Pradesh, Cynodon dactylon, Eleusine indica, Paspalum'
distichum, Cyperus sp., Commelina benghalensis, Ammania b'accifera, Caesulia

axillaris, Cynotis axillaris and Euphorbia sp. were the dominant weed species in

rice (Kulmi, 1991). In Karnataka, Reddy et al. (1995) observed dominance of
Panicum repens, Cyperus difformis and Lidernia parviflora in rice.

At Karnal, Echinocl;loa colona, Echinochloa crusgalli, Echinochloa
glabrescens, Cyperus iria, Paspalum paspalodes and Eclipta alba were rampant
in rice (Singh et al., 1997). At Kaul (Haryana), Echinochloa crusgalli (61%) and
Cyperus iria (28%) were the predominant weed species while, Ischaemum
rugosum, Paspalum distichum and Ammania spp. were sparcely present
(Dhiman et. él._, 1998: Nandal et al., 1999a). In Pondicherry, the most common
 weed species that infested rice field were Echinochloa colona, Cyperus rotundus,
Cyperus iria, Cyperus difformis and Ludwigia parviflora (Rammohan et al., 1999).
At Ghaghraghat (UP), Singh et al. (1999b) observed the preponderance of
Cynodon dactylon, Leptochloa chinensis, Echinochloa crusgalli and Echinochloa
colona among grasses, Cyperus rotundus, Fimbristylis miliacea, Cyperus iria and
Cyperus difformis among sedges and Caesulia axillaris, Commelina
benghalensis and Cynotis axillaris among broadleaved weeds in rice. At Jorhat,
the major weeds observed in the rice field were Echinochloa crusgalli, Sagitaria
guacyansis, Scirpus juncoides, Monochoria vaginalis, Fissendocarpa linifolia,

Hyderolea zeylanica and Paspalum conjugatum. The composition of grasses,



sedges and broadieaved weeds was 31.4, 36.3 and 32.3%, respectively (Gogoi
et al., 2000; Rajkhowa et al., 2001). |

At Hyderabad, Reddy et al. (2000) noted preponderance of Echinochloa
colona, Paspalum distichum, Cyperus iria, Cyperus difformis, Scirpus supinus,
Ammania baccifera, Marsilea quadrifoliata, Caesulia axillaris and Ottelia
alismoidis in rice. At New Delhi, the predominant weed species found in rice fieid
were Echinochloa colona, Echinochloa crusgalli, Leptochloa chinensis, Eclipta
alba and Commeliha benghalensis (Chander and Pandey, 2001). At Coimbatore,
Echinochloa colona and Lepto.chloa chinensis among grasses, Cyperus iria and
Cyperus difformis among sedges and Eclipta alba among broadleaved were
most common weeds in rice (Jayakumar and Anandakrishnan, 2001).
21.2 Weed flora in wheat

At Bhubanaswar, grasses were predominant (58.56%) foliowed by non-
grasses (34.24%) and sedges (7.01%). Among the grasses, Leptochloa
chinensis (21%), Echinochloa colona (11%), Cynodon dactylon (11%) and
Digitaria sanguinalis (7%) and among the broadleaved weeds, Chenopodium
album (7%), Eclipta alba (3.5%), Amaranthus viridis (3%) and Blumea lacera
(10%) were the most common. At Hisar, Phalaris minor, Avena ludoviciana,
Chenopodium album, Rumex retroflex, Lathyrus aphaca, Vicia sativa, Anagallis
arvensis and Melilotus indica were predominant weed species in wheat (Balyan,
1999; Balyan, 2001). At Pantnagar, Singh et al. (1999d) observed
preponderance of Chenopodium album, Melilotus alba, Melilotus indica, Fumaria

parviflora, Anagallis arvensis, Coronopus didymus, Vicia sativa and Medicago

denticulata.



At Karnal, Phalaris minor was rampant. The other notable weeds were
Medicago denticulata, Melilotus alba and Cyperus rotundus (Chhokar et al.,
2001b). In Himachal Pradesh, Saini and Singh (2001) found prevalence of
Phalaris minor (42%) and Avena fatua (40%). Other weed species that occurred ‘
in wheat field were Lolium temulentum, Alopecurus myosuroides, Vicia sativa
and Anagallis arvensis. At Gurdaspur, Sardana (2001a) observed preponderance
of Anagallis arvensis (57.6%), Lepidium sativum (24.8%), Vicia sativa (9.3%),
Medicago denticulata (6.2%) and Lathyrus ~aphaca (2.1%) among :the‘
broadleaved weeds and Averia ludoviciana among grasses but the population of
latter was small compared to broadleaved weeds, in wheat.

At Jabalpur, the important weed species found in wheat field were
Phalaris minor, Medicago hispida, Chenopodium album, Rumex dentéta,
Lathyrus aphaca and Vicia sativa (Singh et al.,, 2001b). At Ranchi, Singh and
Saha (2001) found Cynodon dactylon, Brachiaria mutica and Echinochloa
- crusgalli and Phalaris minor most common among grasses, Chenopodium album
among non-grasses énd Cyperué rotundus among sedges in wheat. At Delhi,
Phalaris minor (184 plants/m?), Avena ludoviciana (15/m?) and Melilotus indica
(30/m?) were the dominant weed species in wheat. Besides, Chenopodium
album, C. murale, Anagallis arvensis, Fumaria parviflora, Convolvulus arvensis,
Cyperus rotundus and Circium arvense were found in scanty (Das and Yaduraju,

2002, Pandey, 2002a; Pandey et al., 2002a).



2.2 Crop-weed competition
2.21 Crop-weed competition in rice

Rice §eed!ings emerge five days after sowing, while weed seedlings
emerge even earlier indicating a speed in the g'ermination higher than that of rice -
(Biswas et al., 1992).

During the first 20 days there was less competition between short
statured cultivars of rice and weeds. For taller cultivars this period increased to
30 to 40 days. After this, as the rice and weeds grow, competition between them
becomes greater (Moody, 1977). Maintaining a weed-free period up to 45 days
after planting is essential to augment the yield of medium duration rice (Arokiaraj
et al., 1989; Singh et al., 1999b). Weed-free maintenance till 50 days after
transplanting was essential and economical, which gave 85% more grain yield
over weedy check (Singh, 1992).

One.hand weeding or rotary weeding‘ 25 or 40 days after transplanting
proved equally effective or even better than most of the herbicides in reducing
crop-weed compétition (Khare and Jain, 1995; Gogoi, 1997, Gogoi, 1998). Two
hand weedings 20 and 40 days after transplanting was as effective as weed free
treatment in reducing crop-weed competition and increasing crop yield (Dhiman
et al., 1998; Nandal et al., 1999b).

Pandey and Thakur (1988) reported that unchecked weed growth till
harvest depleted 35 kg N, 4.3 kg P and 8.2 kg K/ha in addition to 61, 15, 25.23
and 166 g/ha each of Zn, Cu, Fe and Mn, respectively. Singh et al. (1999b)
observed that the N-depletion by weeds was the lowest in weed-free up to 60

days after transptanting. Weéds depleted 35 kg N, 15 kg P,Os and 45 kg K;O/ha



weeds divested the crop of 43 kg N/ha when allowed to grow unchecked till crop
harvest. They also found hand weeding as the most efficient treatment in
arresting N drain compared to butachlor and anilofos. Similar were the

observations of Choubey et al. (1999).
2.2.2 Effect of crop-weed competition on rice yield

Pillai and Rao (1974) reported that due to weeds the yield loss in
transplanted rice was 15 to 20%. Moody (1977) observed yield losses up to 60%
when Echinochloa érusgalli seedlings were transplanted with rice seedlings and
not controlled. Dhiman et al. {1998) and Gogoi (1998) reported yield reduction
due to weed competition by 21 to 47%. Nandal et al. (1999b) observed 43%
reduction in grain yield as compared to weed-free conditions. Yield loss due to
weed competition up to 57% was observed over weed-free conditions by Singh
et al. (1999).‘ Gopinath and Pandey (2002) reported that weed competition
throughout -the season reduced the grain yield by 63% compared to two hand
weedings. Singh et al. (2002c) reported 50% vyield loss due to weed competition
in rice.
2.2.3 Crop-weed competition in wheat

Phalaris minor was found as the major weed constituting more than 88%
of total population in wheat in rice-wheat cropping system (Singh et al., 2002a). It
thrives under high fertility and moisture conditions (Singh and Malik, 1992; Singh
et al., 1995) and competes vigorously with wheat reducing its yield up to 80%
depending upon weed density, cultivation practices and soil and environmental
factors. On an average, a population of 200 to 400 plants/m? of P. minor was

normally observed in field conditions in Haryana and Punjab and its higher
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population of 2000 piants/m2 resuited in complete crop failure (Malik and Singh,
19995).

Hooda and Agarwal (1991) reported that the population density of P.
minor and other weeds gradually decreased as irrigation levels increased. Under
controlled environmental conditions, water requirement of wheat and P. minor
was comparable when placed in nutrient solution for two weeks (Singh et al.,
1998a).

Singh et al. (1984) noted that competition between weeds and wheat
was severe up to 80 kg N/ha‘and it decreased at 120 and 160 kg N/ha owing to
reduced weed population and their dry weight due to vigorous crop growth.
Uptake of N and K by P. minor in wheat was considerably higher compared to
broadleaved weeds (Yadav et al., 1986). On an average, uncontrolled weeds 90
days after sowing rémoved 69, 15 and 52 kg/ha of N, P and K, respectively (Johri
et al., 1992} and the uptake of nutrients was greater by grass compared to broad
leaved weeds.

- Singh and Singh (1996) suggested that one weeding 30 days after
sowing was sufficient to produce yields equivalent to two weedings and herbicide
application. Hand weeding twice 20 and 40 days after sowing have been found to
be effective in reducing crop-weed competition and increasing the yield of wheat
at several locations (Singh and Singh, 1996; Singh and Saha, 2001, Pandey et
al., 2002b).

2.2.4 Effect of crop-weed competition on wheat yield
Nanda and Patro (1996) reported 50.8% crop yield losses due to weed

competition in wheat. Brar et al. (1999) observed that uncontrolled weeds
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unchecked weed growth in wheat by Das and Kulshrestha (2002) and Mishra et
al. (2002).

Nepalia and Kanojia (2002) observed 38.7% reduction in yield due to
uncontrolled weeds compared to herbicide application. Pandey et al. (2002a) -
observed 34 to 43% yield loss in wheat when weeds were allowed to compete till
maturity. Uncontrolled weeds on an average resuited in more than 53% reduction
in wheat yield when compared with two hand weedings (Singh et al., 2002a).

A population of 2000 to 3000 plants/m? of P. minor were observed in-

wheat fields in Haryana which'resulted in complete crop failure (Malik and Singh,

1995).
2.3 Methods of weed control
2.3.1 Manual weeding

2.3.1.1 Manual weeding in rice

Hand weeding twice in both rice and wheat crops gave highest weed
- control efficiency and net income over the unweeded controi (Sharma and Roy,
1987). Pandey and Thakur (1988) reported that hand weeding resulted in
significantly higher yield over other treatments except anilofos + 2,4-D.

Hand weeding was found to be the most effecti\)e in arresting weed dry
matter accumulation and increasing grain yield compared to butachlor, anilofos,
chlorimuron-ethyl and weedy check (Chander and Pandey, 2001). Prasad et al.
(2001) found two hand weedings more efficient than herbicides in reducing weed
growth in rice. Similar was the finding of Gopinath and Pandey (2002). Pandey
(2002b) noted significantly higher increase in the grain and straw yields of both

rice and wheat with hand weéding compared to herbicides.
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in contrast to the above, Nandal et al. (1999b) found han.d weeding twice
20 and 40 days after transplanting statistically similar to anilofos, butachior and
pretilachlor in increasing grain yield. Similar were the findings of Jayakumar and
Anandakrishnan (2001). Rekha et al. (2002) also noted identical increase in hand
weeding and anilofos + ethoxysulfuron, butachior and flufenacet. Singh et al.
(2002) observed higher grain yield with anilofos at 0.4 kg/ha but it was at par with
two hand weedings, butachlor and pretilachlor.
2.3.1.2 Manual weeding in wheat

Hand weeding and hand hoeing 4-5 WAS reduced the dry weight of P.
minor by 38 and 69%, respectively (Sharma et al., 198‘5). Similarly, Singh and
Singh (1996) reported that two weedings (20+40 DAS), pendimethalin and
isoproturon were equally effective in reducing weed population and augmenting
grain yield. Saini and Singh (2001) found two hand weedings and metribuzin
equally effective in increasing grain yield. |

Singh and Saha (2001) found highest weed control efficiency with two
hand weedings (20 and 40 DAS) and obtained higher grain yield compared to
herbicide application. Das and Kulshrestha (2002) also obtained markedly higher
grain yield with two hand weedings compared to sulfosulfuron due to significant
reduction in weed population.

Pandey (2002a) reported superiority of two hand weedings (20 and 35
DAS) over metribuzin in reducing dry matter accumulation of all types of Weeds
and concomitant increase in grain yield. Pandey et al. (2002b) also found
excellent control of weeds with two hand weedings (25 and 45 DAS) resulting in

significantly higher grain and straw yields as compared to chlorsulfuron,
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2.3.2 Chemical weed control
2.3.2.1 Anilofos
2.3.2.1.1 Effect of anilofos on weeds: Langeluddeke et al. (1981) reported that
anilofos, at 0.3 to 0.45 kg/ha was effective against annual grasses and sedges. It
was found to be effective at 0.3 to 0.6 kg/ha in controlling weeds in transplanted
rice (Pandey and Thakur, 1988; Singh and Vaishya, 1994).

Khare and Jain (1995) reported that anilofos at 0.30 to 0.45 kg/ha
resulted in weed control efficiency of 84 to 87%. Prasad (1995) observed that
anilofos at 0.6 kg/ha reduced the weed dry matter accumulation to the extent of
hand weeding. Similar were the findings of Nandal et al. (1999b).

At Hisar, anilofos at 0.4 kg/ha caused mortality of Echinochloa crusgalli
by 95% (Malik and Singh, 1996) and reduced the dry weight by 41 to 62%
(Gogoi, 1997). Singh et al. (2002d) reported effective control of Echinochloa
crusgalli, E. colona and Ischaemum rugosum with anilofos application but there
was build up of Cyperus iria and Caesulia axillaris in continuously anilofos
treated plots.

Singh et al. (1996) found anilofos as effective as its mixtures with 2,4-D
in controlling Echinochloa spp. Similarly, Singh et al. (1997c) reported that
anilofos at 0.4 kg/ha recorded less weed dry weight than its tank mix application
with 2,4-D or metsulfuron. Gogoi et al. (2000) found butachlor + 2,4-D and
anilofos alone equally effective in controlling weeds.

Chander and Pandey (2001) found anilofos at 0.5 kg/ha more effective in
arresting dry matter accumulation by weeds compared to butachlor and

melsuifuron. A reduction 6f 63 to 71% in broadleaved weeds and grasses with



14

anilofos at 0.4 kg/ha was observed by Jayakumar and Anandakrishnan (2001),
while 48 to 52% by Singh et al. (2002b).

2.3.2.1.2 Effect of anilofos on growth and yield attributes: Munegowda et al.
(1990) reported some leaf curl and discolouration due to anilofos application at
0.6 kg/ha, but phytotoxicity disappeared with increasing age of the crop and the
crop showed no phytotoxicity in freshly emerged leaves. Similar were the findings
of Mathew and Jagadeeshkumar (1999). Butachlor and anilofos application had
no adverse effect on chlorophyll synthesis of rice plants (Madhu and -
Nanjappa,1997).

Gogoi (1997) obtained higher values for yield attributes with anilofos than
pretilachlor and weedy check. Nandal et al. (1999b) found hand weeding twice,
anilofos at 0.4 kg/ha, butachlor at 1.5 kg/ha and pretilachlor at 0.75 kg/ha equally
effective in improving yield attributes. Singh et al. (1999a) recorded significantly
higher number of panicles, panicle length and weight and test weight with pre-
emergence application of mixture of anilofos + 2,4-DEE compared to weedy
check. Gogoi et al. (2000) found butachlor + 2,4-D and anilofos equally effective
in improving yield attributes than weedy check. Prasad et al. (2001) did not
observe significant differences among yield attributes with butahclor and anilofos
application. In contrast, significantly higher increase due to them in number of
tillers, grain weight/earhead and test weight compared to pretilachlor and weedy
check was observed by Gopinath and Pandey (2002).
2.3.2.1.3 Effect of anilofos on yield: Anilofos at 0.3 to 0.6 kg/ha resulted in
higher grain yield compared to other herbicides (Jain et al., 1998). Kumar and

Basavaraj (1996) found anilofos as effective as weed free treatment in increasing
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Gogoi (1997) and Singh et al. (1997a) recorded significantly higher grain
yield with butachlor and anilofos than pretilachlor and weedy check. Similar was
the observation of Gopinath and Pandey (2002). Singh et al. (2002) recorded
only 54.8 g/ha grain yield with pretilachlor application compared to 62.8 g/ha with
anilofos.

Butachlor at 1.0 to 1.5 kg/ha and anilofos at 0.4 to 0.5 kg/ha were found
equally effective in increasing grain yield by Pandey et al. (1991), Chander and
Pandey (2001) and Singh et al. (2002).
2.3.2.2 Pretilachior
2.3.2.2.1 Effect of pretilachlor on' weeds: Pretilachlor effectively controlled
Cyperus rotundus, Cyperus iria, Echinochloa crusgalli Eclipta alba and
Monochoria vaginalis (Tewari et al., 1986) and at 1.0 to 1.25 kg/ha markedly
lowered dry weight of weeds (Puroshotham et al., 1990; Tomar, 1991, Joy et al.,
1992; Kurmi, 1993) and with safener at 0.5 kg/ha reduced density of grass,
sedges and broadleaved weeds to the tune of 96.61, 67.51 and 70.71%,
respectively (Balasubramanian et al., 1997), while alone at 0.75 kg/ha it scaled
down Weed density between 15.1 to 50%. Gogoi (1997) and Paradkar et al.
(1997) found effective control of Parthenium hysterophorus, Echinochloa
crusgalli, Altermanthera sessilis, Corchorus olitorius and annual sedges in upland
rice with its pre-emergence application at 0.75 kg/ha.

Application of pretilachlor through spray or sand mix provided govod
control of Echinochloa sp. (Singh et al., 1997a). Angiras and Rana (1998) found
pretilachlor at 0.8 kg/ha as the best treatment for the control of weeds in

transplanted rice. Balasubramanian (1998) recorded maximum weed control



16

caused weed shift from annual to perennial such as éedges. Dhiman et al. (1998)
also reported that pretilachlor at 0.75 kg/ha resuited in 67 to 86% weed control
efficiency. Similar were the findings of Mathew and Jagadeeshkumar (1999).

Pretilachlor at 1.0 kg/ha gave significant control of grasses but was leés
effective against broad leaved weeds (Phogat and Pandey, 1998). Singh et al.
(2002d) reported that pretilachlor provided good control of Echinochloa crusgalli,
Echinochloa colona and Cyperus iria but could not control /schaemum rugosum
and Caesulia axillaris.
2.3.2.2.2 Effect of pretilachlor on growth and yield attributes: Gogoi (1997)
reported that herbicides did not cause significant increase in number of tillers and
panicles. However, their application resulted in significant improvement in panicle
length and grains per panicle. Whereas, Angiras and Rana (1998) and Dhiman et
al. (1998) observed with pretilachlor (0.80 kg/ha), hand weeding (twice) and
butachlor (1.5 kg/ha) significant increase in all the yield attributes.

rPretilachlor at 0.75 kg/ha being at par with butachlor, anilofos and
oxyfluorfen recorded significantly lower number of tillers and panicles compared
to weed free treatment in late transplanted lowland rice (Gogoi, 1998). Mathew
and Jagadeeshkumar (1999) reported that pre-emergence application of
herbicide-safener mixtures involving butachlor (1.0 to 1.5 kg/ha) and pretilachlor
(0.3 and 0.4 kg/ha) did not have any phytotoxic effect on rice plants, whereas
application of herbicides alone exhibited severe phytotoxicity. Nandal et al..
(1899a) found pretilachlor at 0.75 kg/ha at par with hand weeding twice in
respect of yield attributes of transplanted rice. Rajkhowa et al. (2001) reported

significant increase in panicle ﬁumber and panicle length due to application of
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2.3.2.2.3 Effect of pretilachlor on yield: In transplanted rice, pretilachlor at
0.75 kg/ha, was found effective in suppressing weed ‘growth and augmenting
grain yield (Nandal and Singh, 1994a; Phogat and Pandey, 1998; Nandal et al.,
1999a). Singh et al. (1997a) reported that pretilachlor at 1.5 kg/ha applied
through spray or sand mix increased rice yield by 18 to 22% over weedy check. |
Angiras and Rana (1998) recorded highest grain vyield with pretilachior
application compared to butachlor and hand weeding twice.

The grain vyield recorded with the pre-emergence application of
pretilachlor was signiﬁcant!y‘s.imi!ar to that recorded in weed free and othel;
herbicide treatments (Dhiman et al., 1998; Gogoi, 1998). Narayanan et al. (2001)
recorded highest grain yield with pretilachlor at 0.5 kg/ha. Gopinath and Pandey
(2002), however, recorded significantly lower grain vyield with pretilachlor
application compared to anilofos, butachlor, flufenacet and hand weeding. Singh

et al. (2002c) also reported lower grain yield with pretilachlor compared to

butachlor and anilofos.

| 2.3.2.3 Flufenacet

2.3.2.3.1 Effect of flufenacet on weeds: Flufenacet (BAY FOE 5043), a new
oxyacetamide herbicide was discovered in 1988. In field test, flufenacet in
transplanted rice in Indonesia, Korea and Thailand gave very good control of
problem grasses and sedges such as Echinochloa crusgalli, Cyperus esculentus,
Fimbristylis miliacea, Scirpus juncoides, Leptochloa chinensis and Ludwigia
octovalvis when applied at 50 to 120 g/ha. Best results were obtained when
applied between 3 and 12 days after transplanting (Deege et al., 1995; Foster ef

al., 1997). The active ingredient is taken up via the roots and partly via the
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germinating shoot. It acts by inhibiting cell division in young root and shoot tissue
(Ramsak, 2001).

Although flufenacet controls some dicotyledonous weeds it is primarily a
herbicide for the control of annual grasses (Deege et al., 1995). The herbicide
mixtures containing flufenacet and metribuzin were found to be more effective in
controlling both monocot as well as dicot weeds in soybean, tomatoes and corn
(Brinkmann and Dahmen, 1997, Krausz et al., 2000).

Gopinath and Pandey (2002) reported that flufenacet at 100 to 120 g/ha-
applied 10 days after transplanting (DAT) resulted in significant reduction in weed
population and dry weight over weedy check and was comparable with butachior
and anilofos. Similar were the findings of Rekha et al. (2002).
2.3.2.3.2 Effect of flufenacet on growth and yield attributes: Application of
flufenacet at 100 g:/ha 10 DAT resulted in significant improvement in all the yield
attributes over pretilachlor and weedy check (Gopinath and Pandey, 2002).
- Rekha et al. (20Q2) obtained higher values for yield attributes (Effective tillers/m?
and grains/panicle) with flufenacet at 90 to 120 g/ha than weedy check.
2.3.2.3.3 Effect of flufenacet on yield: Flufenacet at 200 g/ha was found
effective and recorded higher grain yields (DRR, 2000). Its application at 100 and
120 g/ha resulted in significantly higher grain yield compared to its application at
80 g/ha, pretilachlor and weedy check (Gopinath and Pandey, 2002). Rekha et
al. (2002) also reported that flufenacet at 120 g/ha gave significantly higher gfain
yield compared to its application at 90 g/ha and weedy check.
2.3.2.4 Sulfosulfuron

2.3.2.41 Effect of sulfosulfuron on weeds: Sulfosuifuron differs from other
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application at 26 to 35 g ha™ provided more than 85% control of Avena fatua,
Elytrigia repens, Bromus secalinus and Bromus tectorum showing little effect on
wheat (Hageman et al., 1996). The activity of sulfosulfuron with safener was
greatly increased against the resistant biotypes of Phalaris minor both in pot and .
field conditions (Malik and Yadav;, 1997). Chauhan et al. (1998) reported that
sulfosulfuron at 26.6 g/ha was effective against both grass and broad leaved
weeds, achieving 90% control of Phalaris minor. The sensitivity of selected
cereal weeds towa'rds suifosulfyron was evaluated in a glass house by Loubser
(1998). It significantly reduced the dry mass of several dicotyledonous and grass
weeds. The affected weed species were Amaranthus hybridus, Cerastium
capense, Linaria spuria, Medicago polymorpha, Oxalis pes-caprae, Polygonum
aviculare and Raphanus raphanistrum. Balyaﬁ (1999) found that sulfosulfuron at
20 and 25 g/ha + 0.5% surfactant provided 60 to 90% control of grass weeds and
50 to 60% control of broadleaf weeds. While, Brar ef al. (1999) reported that
sulfoéulfuron at 30 and 45 g/ha provided complete control (100%) of resistant P.
minor in wheat. Pandey (1999) reported that sulfosuifuron gave excellent control
of grassy weeds but was not effective against Chenopodium album and
Convolvulus arvensis. Similar was the finding of Sharma et al. (1999).
Sulfosulfuron at 25 g/ha resulted in 45 and 49% reduction in the dry
weight of Chenopodium album and Rumex retroflex, respectively (Malik et al.,
2000a). With its application 54% control of broadleaf and 70% control of grass
weeds was observed by Balyan (2001). Effective control of isoproturon-resistant
P. minor with sulfosuifuron was reported by Chauhan et al. (2001) and Mahajan
and Brar (2001). The performance éf sulfosulfuron at 25 g/ha was better

combared to 20 a/ha and nravided anad contral of hath mannrat and dirnt woade
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(Chhokar et al, 2001b). Saini and Singh (2001), however, reported that
sulfosulfuron did not control grass weeds effectively. Das and Kulshrestha (2002)
observed that sulfosulfuron gave relatively higher weed control efficiency than
recommended dose of isoproturon, clodinafop propargy! and fenoxaprop-p-ethyl.
2.3.2.4.2 Effect of sulfosulfuron on growth and yield attributes: Sulfosulfuron
caused slight and temporary growth retardation to wheat at 40 and 50 g/ha.
While no reduction in plant height was found at 25 g/ha (Shukla, 1998; Balyan
and Singh, 2000). In contrast, Brar ef al. (1999) reported that even at 45 g/ha .
sulfosulfuron showed no phytotoxic effect on the wheat crop. Kumar et al. (2000)
obtained higher values for yield attributes (ear length, number of effective
tillers/m and grains/earhead) with suilfosulfuron compared to unweeded check.
Similar was the finding of Kumar et al. (2001). Das and Kulshtrestha (2002)
reported that there was no phytotoxicity of sulfosulfuron on the wheat crop even
at the dosage of 75 g/ha.

2.3.2.4.3 Effect of sulfosulfuron on yield: Sulfosulfuron at 20 to 30 g/ha gave
signiﬁcantiy higher yield of wheat compared to isoproturon, diclofop-methyl and
metoxuron (Shukla, 1998). Application of sulfosulfuron at 25 g/ha increased
wheat yield by 42% over two hoeings and 63% compared to weedy check (Brar
et al., 1999). Sulfosulfuron at 30 to 33.3 g/ha caused higher increase in yield of
wheat compared to other treatments (Sharma et al., 1999; Kumar et al., 2000). In
contrast, Malik et al. (2000) reported that, due to unsatisfactory weed control,
sulfosulfuron at 25 g/ha resulted in significantly poor grain yields of wheat
compared to weed free plots. Similar were the findings of Balyan (2001).

Sulfosulfuron at 25 g/ha applied one to five days before first irrigation produced
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at 20, 40 and 60 g/ha increased significantly the grain and straw yield of wheat
compared with weedy check. However, at 60 g/ha marginal reduction in wheat
yield was observed compared with lower doses (Kumar et al., 2001). Das and
Kulshrestha (2002) reported that sulfosulfuron at 28 g/ha produced highest grain .
yield compared to isoproturon, fenoxaprop-p-ethyl and clodinafop propargyl.
2.3.2.5 metribuzin

2.3.2.5.1 Effect of metribuzin on weeds: Singh et al. (1993) reported effective
control of different broadleaf weeds with metribuzin. Metribuzin at 140 and 175
g/ha was effective against both grass and broadleaf weeds, achieving 95 to 98%
control of P. minor (Chauhan et al., 1998). Balyan et al. (1999) observed that
metribuzin at 200, 300 and 400 g/ha provided 80 to 98% control of grass weeds
and 90 to 95% of broad leaf weeds. Pandey (1999) reported that metribuzin did
not kill completely the Convolvulus arvensis but arrested its growth till harvest
and eliminated Phalaris minor, Avena ludoviciana, Melilotus indica and Anagallis
arvensis. Singh et al. (1999) also found complete control of P. minor with
metribuzin. Metribuzin (175 g/ha) recorded the lowest population of broadleaf
weeds which was significantly superior to diclofopmethyl, 2,4-D and isoproturon +
diclofopmethyl (Sardana, 2001a; Sardana et al., 2001).

Metribuzin at 300 g/ha resulted in 82% reduction in weed biomass (Singh
et al., 2001b). Das and Yaduraju (2002) concluded that metribuzin at 200 g ha™
(applied four weeks after sowing using 250 litres of water/ha) may be
recommended for broad-spectrum weed control including resistant P. minor in
wheat. Pandey (2002a) observed that metribuzin applied 35 DAS was better than

its pre-emergence application. Pandey et al. (2002a) also reported that
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metribuzin at 200 g/ha killed all the plants of Melilotus indica and gave excellent
control of both P. minor (98%) and Avena ludoviciana (89%).

2.3.2.5.2.Effect of metribuzin on growth and yield attributes: Balyan et al.
(1997) tested the susceptibility of commonly recommended wheat cultivars to
metribuzin and found that all wheat cultivars tested were tolerant to metribuzin at
200 g/ha. However, at 400 g/ha WH 896, WH 147, WH 283 and WH 157 were
tolerant while rest of the cultivars were either moderately or highly sensitive.
Metribuzin applied ét 400 g/ha proved 12.5 to 15% phytotoxic to wheat. The ‘
phytotoxicity resulted in the yellowing of wheat, finally significantly reducing
wheat tillering which affected the crop yields adversely. But metribuzin at 100 to
300 g/ha did not cause any phytotoxicity to wheat (Balyan and Panwar, 1998;
Balyan, 1999). Singh et al. (1998b), however, reported that metribuzin at 300
g/ha was effective against P. minor but phytotoxic to wheat. Singh et al. (1999b)
found reduction in the density of wheat crop due to metribuzin at rates higher
than 280 g/ha. Reduction in the crop density and wheat spikes increased with the
increasing rates of metribuzin.

Saini and Singh (2001) reported that metribuzin at 250 g/ha though
controlied all the grassy and broadleaf weeds effectively, caused higher toxicity
to the crop and resulted in the lower values of yield attributes (effective tillers/m?,
grains/spike and 1000-grain weight). Walia et al. (2001) also found that wheat
crop can tolerate metribuzin only up to 131 g/ha and was phytotoiic to wheat at
higher concentrations. Das and Yaduraju (2002) reported that metribuzin at 200
g/ha applied using spray volume of 500 litres/ha was more phytotoxic (42%) to
wheat resulting in lower values of yield attributes compared to its application

using spray volume of 250 litres/ha. Pandev (2002a) reported that metribuzin at
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200 g/ha had detrimental effect on plant height, productive tillers/m, test weight
and grain weight/ear compared to metribuzin at 100 and 150 g/ha.

2.3.2.5.3 Effect of metribuzin on yield: Balyan ef al. (1999) found metribuzin at
200 and 300 g/ha equivalent to weed free treatment in respect to grain yield.
Héwever, metribuzin at 400 g/ha registered lower crop yields because of crop
phytotoxicity. Pandey (1999) reported that metribuzin at 100 g/ha caused
maximum increase in grain yield compared to other herbicides. Singh et al.
(1999c) recorded higher grain yield with metribuzin at 200 g/ha and isoproturon
compared to other herbicides. Sharma et al, (1999), however, recorded lower
yields with metribuzin at 200 and 250 g/ha compared to tralkoxydim, isoproturon
and sulfosulfuron. Similar was the observation of Malik et al. (2000b).

Maximum grain yield was obtained with metribuzin at 175 g/ha followed
by tank mix application of isoproturon with other herbicides (Sardana, 2001a). In
wheat, Sardana et al. (2001) reported that isoproturon + 2,4-D at 940 + 500 g/ha

resulted in highest grain yield followed by metribuzin at 175 g/ha.
| Singh et al. (2001a) reported that grain and straw yield of wheat reduced
significantly due to application of metribuzin at 200 and 400 g/ha as compared to
untreaied check. Reduction in yield was compensated to an extent of 12 to 15%
at 150 kg seed rate/ha as compared to 100 kg/ha in the piots treated with
metribuzin.

Pandey (2002a) found maximum increase in crop yield with metribuzin at
150 g/ha applied as post-emergence compared to its application at 100 and 200
g/ha and as pre-emergence application at all doses. Pandey et al. (2002a),
however, found metribuzin .at 100 g/ha as optimum dose for obtaining higher

grain and straw yields compared to metribuzin at 150 and 200 g/ha.
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2.4 Residual effect of herbicides
2.41 Anilofos

Mishra and Singh (1992) did not find any effect on associated weeds of
pea, wheat, gram and lentil due to the herbicides applied to rice. Application of
anilofos at 0.6 kg/ha, oxadiazon at 0.5 kg/ha and butachlor at 1.0 kg/ha to
transplanted rice and direct sown rice did not show any effect on the
performance of succeeding wheat (Nandal and Singh, 1994a and 1994b).

Balasubramanian et al. (1999) reported that residues of anilofos, applied
at recommended dose continl]ously for four seasons, in post harvest rice soils
were below the toxic level and hence did not influence the germination and yield
of blackgram. Janardhan et a/. (1999) reported that anilofos at 0.4 to 0.6 kg/ha
applied to rice had no adverse effect on germination and growth of wheat, peas
and cucumber. |

Singh et al. (2000), however, found that pre-emergence application of
anilofos + 2,4-DEE (0.3 + 0.5 kg/ha) supplemented by one hand weeding to rice
reduced the population and dry weight of weeds in lentil resulting in significant
increase in yield of lentil.
24.2 Pretilachlor

Application of butachlor at 1.0 kg/ha and pretilachlor at 0.75 kg/ha to
transplanted rice and direct sown rice had no effect on the performance of
succeeding wheat (Nandal and Singh, 1994a and 1994b). No adverse effect of
thiobencarb, butachlor and pretilachlor applied to rice was observed on weed
density and dry matter in succeeding wheat (Singh and Vaishya, 1994). Similar

Were the findings of Janardhan et al. (1999). Pretilachlor applied at the
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recommended dose to rice did not show any adverse residual effect on
germination and yield of blackgram (Balasubramanian et al., 1999).
2.4.3 Flufenacet

Deege et al. (1995) concluded that flufenacet has good toxicological
properties and favourable environmental behaviour. Fajardo et al. (2000)
reported that continuous use of mefenacet did not cause build up of residues and
as a result will not be a great threat as an environmental contaminant.
2.4.4 Sulfosulfuron

Sugarbeet (Beta vulgéria L.) was severely damaged 53 weeks after>
treatment with 10 g/ha of chlorsulfuron (Beyer et al, 1988). In green house
experiments, sugarbeet, winter rape, sunflower, pea and barley were senstiive to
sulfosulfuron (Parrish et al., 1995). Application of sulfosulfuron in autumn wheat
at 18, 36 and 72 g/ha reduced seed yield of spring barley and pea by 13 to 59%
and 26 to 29%, respectively when these crops followed winter wheat in the
rotation (Shinn et al., 1998). Grain sorghum (indicator plant) stem length was
reduced even at lower dose (0.025 to 5 ng/g) of sulfosulfuron. Walia et al. (2000)
observed that growth and development of cucurbits, maize and moong crops
were normal when grown in soil collected after the harvest of wheat treated with
sulfosulfuron at 25 g/ha. However, sulfosulfuron at 45 g/ha showed phytotoxicity
on cucurbits.
245 Metribuzin

Metribuzin applied at 0.3, 0.6 and 1.3 kg/ha had no carry-over effects on
rotational crops spring barley, oats, spring wheat and rapeseed (Conn and

Cameron, 1988). Khan and Saghir (1989) found no crop injury to wheat,
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soybean, maize and vetch due to metribuziﬁ applied to preceding maize crop at
0.75 to 1.5 kg/ha.

2.5 Persistence of herbicides in soil and crop

2.51 Anilofos

Jayakumar and Sreeramulu (1993) reported that anilofos at 0.2 kg/ha
was degraded to non-detectable limits within 30 days. However, with higher
concentration (0.8 kg), the herbicide persisted until harvest of rice with a hélf—life
of 11 to 15 days. The residues of anilofos and butachlor in rice soil were at non-
detectable levels at harvest (Jayakumar et al., 1994). They found no herbicidél |
residues in grain and straw with lower doses of anilofos (0.75 to 1.0 I/ha) and
traces of residues with anilofos at 1.25 I/ha.

Residues of anilofos in soil were degraded within 56 days when applied
at 0.2 kg/ha, within ‘harvest at 0.4 kg/ha and beyond harvest at 0.8 kg/ha. The
anilofos residues were at detectable levels in rice grain and straw at 0.8 kg/ha of
anilofos but were not detectable at 0.2 to 0.4 kg ha™ (Jayakumar and Sankaran,
1995). Similar were the findings of Radhamani et al. (1997) and
Balasubramanian et al. (1999). Anilofos at 0.4 kg/ha resulted in progressive
increase of soil residues over seasons, with 0.079 ppm in first season to 0.1950
ppm in fourth season. Rai ef al. (1999) reported a half-life of 23 to 77 days for
anilofos depending on soil type.

2.5.2 Pretilachlor

Balasubramanian et al. (1999) recorded 0.2200 to 0.2920 ppm of

pretitachlor residues" in soil and 0.0024 to 0.0362 ppm in grain and straw. The

half-life of pretilachlor was 7 to 10 days (Fajardo et al., 2000) and there was no
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sevidence of residue build-up due to continuous application of pretilachlor in the

same plot.

2.5.3 Flufenacet

In wheat and in the spring and summer maize crops, the soil half-lives of
flufenacet were 98, 74 and 56 days, respectively. At the wheat and maize
harvests, flufenacet was not detected in the 0 to 10 and 10 to 15 cm surface soil
layers (Rouchaud et al, 1999). Continuous use of both pretilachlor and
.mefenacet did not céuse build up of residues (Fajardo ef al., 2000). Gajbhiye and
Gupta (2001) reported that soils ﬁaving low pH, high organic matter ahd high clay
contents showed higher adsorption of flufenacet. They concluded that because of
its moderate to high adsorption, flufenacet is likely to persist in soil for some time.
However, the possibility of its movement by leaching or surface runoff is less.
Rouchaud et al. (2001), however, found no relationship between the soil texture
and humus concentration in the soil and the persistence of flufenacet in soil.
'2.5.4 Sulfosulfuron

Very little information is available on sulfusulfuron as it is a new product.
The efforts were, therefore, directed to collect literature and present review on
the class as a whole sulfonylurea.

Persistence of sulfonylureas in soil is dependent on pH of the soil. In
case of sulfometuron-methyl and metsulfuron-methyl, soil persistence increased
with increase in soil pH (Wiese et al., 1988; Walker et al., 1989). Tribenuron-
methyl and thifensulfuron-methyl had the shorter persistence than trisulfuron and
rarely lasted as residues in sandy and clay soils under temperate climate of
Sweden (Nilsson, 1991). Parrish et al. (1995) reported that DTso in soil for

sulfosulfuron was in the range of 20 to 60 days.
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2.5.5 Metribuzin

Brown et al. (1985) reported that half-life of metribuzin in soil was 102 to
112 days. Conn and Cameron (1988) reported that 12% of metribuzin applied still
remained in soil 115 days after application. Sorenson et al. (1991), however,
found that the metribuzin half-life was 4 to 19 days following pre-sowing
application and 3 to 17 days following pre-emergence application in soybeans.
Kookana et al. (1995) also reported that half-life of metribuzin was 27 days.
Dubey et al. (1998) fouhd no detectable residue (<1 mg/kg) of metribuzin in sail,
straw and grain at harvest of crop freated up to 420 g/ha. Johnson (2001) found
half-life values of 4.4 to 12.4 days for metribuzin and the half-life of metribuzin
was highest for soil under wheat and lowest for soil under clover.

2.6 Residue analysis
2.6.1 Anilofos

Anilofos residues from soil were extracted by shaking with acetone for 30
minutes and from grain and straw with acetone:water (80:20 v/v) mixture. The
extracts were analysed by high performance liquid chromatography (HPLC)
equipped with UV detector (Sankaran et al., 1993). Quantitatively anilofos
residues in soil, grain and straw by gas chromatography (GC) using Flame
photometric detector can be analysed with precision.

Jayakumar and Sankaran (1995) extracted anilofos residues in soil, rice
grain and straw with acetone:water (80:20 v/v) mixture and detected the residue.
by HPLC equipped with UV detector. They obtained average recovery greater
than 87 per cent with this method. Similarly, Radhamani et al. (1997) analysed
anilofos residues by HPLC. Balasubramanian et al. (1997) analysed herbicide

residues in soil, grain and straw of rice by GC equipped with electrone capture
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‘f.detector (ECD). Rai et al. (1999) extracted anilofos residues in soil with ethyl
acetate and detected the residue by GC using ECD. They obtained a recovery of
94 to 98 per cent with this method.
2.6.2 Pretilachlor
Residues of pretilachlor from soil and rice straw were extracted by
shaking with methanol and from rice grain with acetonitrile. The extracts were
purified by partitioning with n-hexane followed by column chromatography using
alumina and analysed by GC using ECD (Sankaran et al., 1993). .
Balasubramanian et al. (1999) also determined pretilachlor residues by gas
chromatography. Fajardo et al. (2000) extracted pretilachlor residues in soil with
acetone by shaking for 30 minutes. The extracts were purified by partitioning with
hexane and analysed by GC equipped with nitrogen-phosphorus detector (NPD).
2.6.3 Flufenacet
~ Rouchaud et al. (1999) extracted flufenacet residues from soil by stirring
with acetone:water (8:2 v/v) mixture. The extract was then purified by thin layer
chromatography and analyzed for flufenacet by gas-liquid chromatography (GLC)
and combined GC-mass spectrometry (GC-MS). A GLC method for the analysis
of residues of flufenacet in soil, water and plant samples was developed by
Gajbhiye et al. (2000). They extracted residues from soil following single step
extraction and clean up procedure and from wheat grain samples in soxhlet
extractor with chloroform. Extracts from soil were purified by column
chromatography using florisil and grain extracts by partitioning. Samples were
finally analysed by GC equipped with ECD. Fajardo et al. (2000) extracted

mafenacet from soil with acetone. The extracts were partitioned with hexane and
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2.6.4 Sulfosulfuron

The thermal lability and low vapour pressure of sulfunylureas lead to
reliance on HPLC method. Selectivity can be improved in several ways including
column-switching and selective detectors (Barefoot et al., 1995; Yutai et al.,
1999). A reliable method was proposed by Lian et al. (1996) for the simultaneous
determination of sulfonylureas in various formulations of commercial products by
UV absorption at a wavelength of 254 nm for metsulfuron-methyl, chlorsuifuron
and bensulfuron-methyl. Hashimoto et al. (1998) reported an analytical method
for the determination of tribe_nﬁron-methyl and chlorimuron-ethyl in soybean, -
groundnut and maize by HPLC. The samples were homogenized with acetone
and extracted with ethyl acetate. ~The mobile phase was
acetonitrile:water:phosphoric acid (50:50:0.1 v/v). Powley and Bernard (1998)
extracted sulfonylureas residues from soil and water with 0.1 M ammonium
carbonate in.water:acetone (80:20 v/v). In another method, Turbey et al. (1998)
extracted soil samples with acetonitrile and 0.2 M ammonium acetate (4,1 v/v)
with 0.1% formic acid. This method gave 90 to 95% recovery of sulfosulfuron.
Metsulfuron-methyl from soil was extracted by shaking on horizontal shaker
using acetonitrile and 2 M ammonium carbonate (100 mi, 9:1 v/v) as extracting
solvent. Soil extracts were analysed using HPLC equipped with both UV-VIS
dector and on-line radio chemical detector (Yutai et al., 1999).
26.5 Metribuzin

Residues of metribuzin were first analysed by Stanley and Schumann
(1969). The method employed a single blender extraction, followed by Florisil

column cleanup and electron=capture gas chromatographic analysis.
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Thornton and Stanley (1977) reported a gas chromatographic procedure
for the analysis of metribuzin and its metabolites in a variety of crops. Conjugated
residues were released by refluxing the sample. Metribuzin and metabolites were
separated by liquid-liquid partition and the two fractions cleaned up individually
for electron-capture gas chromatographic analysis. Jarczyk (1983) described a
method for the gas chromatographic determination of metribuzin in wheat grain
and straw using an N-épeciﬁc alkali flame ionization detector. Brown et al. (1984)
extracted metribuzin' and bromoxynil octobase and their metabolites from so'il
with dichloromethane/acetonitrllé. Compounds were separated by HPLC (high-
performance liquid chromatography) on an octadecyl reverse-phase column with
a water/methanol gradient and determined with a \}ariable-waveiength uv
detector. Tonogai (1996) extracted five herbicides (metribuzin, propazine,
simazine, atrazine and cyanazine) from'vegetables and fruits with methanol, re-
extracted with 20% ethyl acetate/n-hexane and then cleaned on Sep-Pak silica.
Herbicides in cereals and soybeans wére extracted with acetonitriie and then
cleaned on Sep-Pak siiica.

Dubey et al. (1998) extracted metribuzin residues from soil samples with
methanol:water (4:1 v/v) by stirring for 45 minutes. The extracts were then
partitioned with dichloromethane. They also extracted wheat grain and straw
samples with acetonitrile. Soil and crop extracts were then analysed using HPLC
equipped with 160 selectable wavelength UV detector.

2.7 Economics of herbicide application in rice

In a rice-wheat rotation, hand weeding twice in both crops gave highest

net income over the unwee&ded control. The next highest net income was

obtained with two hand weedings in rice followed by isoproturon application and
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two hand weedings in wheat (Sharma and Roy, 1987). Similar was the finding of
Mandal (1991). Tomar (1987) got highest benefit:cost ratio with pendimethalin at
1 kg a.i./ha. Joy et al. (1991) reported that butachlor application resulted in the
greatest benefit:cost ratio compared to anilofos, 2,4-D and two hand weedings.
Tomar (1991) found two hand weedings as the most cost effective treatment and
pretilachlor at 1.25 kg/ha the least in transplanted rice. Joy et al. (1992),
however, reported that pretilachlor at 0.75 kg/ha and anilofos at 0.4 kg/ha were
effective and proved more economical than hand weeding. Janardhan and
Muniyappa (1994) also found thét anilofos application was the most economical
treatment as compared to pretilachlor, 2,4-DEE, pendimethalin and weed-free
treatments. Whereas, Nandal and Singh (1994a) reported that net return was
highest with pretilachlor application followed by anilofos and butachlor. Gogoi
(1997) found pre-emergence application of butachlor and anilofos economical
and comparable with hand weeding. Singh et al. (2002b) reported that
pretilachlor and anilofos application gave a net benefit of Rs 5500-6200 and Rs
3000 - 4800/ha, respectively over the farmers’ practice.

2.8 Economics of herbicide application in wheat

Application of fluchloralin recorded the highest net returns followed by
pendimethalin and two hand weeding treatments, respectively (Bainade and
Patel, 1992). Nandal and Singh (1994a) reported that isoproturon at 1.5 kg/ha
proved most economical method of weed management in wheat grown after
transplanted rice. Sardana (2001a) got maximum net return with metribuzin at
175 g/ha compared to atrazine, isoproturon, metoxuron and pendimethalin.
However, maximum benefit:cost ratio was obtained with atrazine due to its very

low cost. Sinah and Saha (2001). however, found two hand weedinas the most
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economical treatment with net returns of Rs 8796/ha compared to chemical weed
‘control. Similar was the finding of Mandal (1991). Singh et al. (2001b) reported
that application of metribuzin at 300 g/ha contributed the highest rate of increase

in the yield of wheat as well as net return over farmer's method.



MATERIALS AND METHODS

The present investigation was carried out during kharif and rabi seasons
of 2000-01 and 2001-02 at the farm of the Indian Agricultural Research Institute
(IARI), New Delhi. The details of the materials used and methodology adopted
during the course of this study are presented in this chapter.

31 Experimental site

The experiment was conducted in the Main Block 14B at the farm of ‘the
Division of Agronom‘y, IARI, New Delhi in both the years.

3.2 Climate and weather_cbnditions

New Delhi is situated at 28°35'N latitude and 77°12'E longitude with an
altitude of about 228 m above mean sea level. The clim.ate of the region is semi-
arid, sub-tropical with hot summers and cool winters. May and June are the
hottest months with the maximum temperature ranging between 41°C and 46°C
while January is the}‘coldest month with the minimum temperature approaching 2
to 5°C.

The mean annual precipitation approximate to about 710 mm and is
mostly received during a short span of three months between July and
September. The winter showers are often accompanied by high wind velocity and
hailstorms. The annual pan evaporation is about 850 mm. The mean daily
evaporation reaches as high as 16 mm in June and as low as 2.2 mm in January.

The relative humidity reaches maximum in January and minimum in March.
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Table 1. Mechanical composition and chemical characteristics of soil

Main Block 14B

Particulars 2000-01 2001-02

Method used

A. Mechanical composition

(i) Sand (%) 51.80 52.10
(i) Silt (%) 23.00 22.70
(i) Clay (%) ~ 25.20 25.20
Textural class Sandy clay loam
B. Chemical characteristics
(i) Organic carbon (%) 0.52 0.54
(i) Available N (kg/ha) 188 190
(iif)y Available P (kg/ha) 16.8 171
~ (iv) Available K (kg/ha) 215 216
(v) pH (Soil to water,1:2.5) 8.0 8.1
(vi) EC (dS/m at 25°C) 0.58 0.57

Hydrometer method
(Bouyoucos, 1962)

Walkley and Black method
(Jackson, 1973)

Modified Kjeldahl method
(Jackson, 1973)

Olsen’s method
(Jackson, 1973)

Flame photometer
(Jackson, 1973)

Blackman glass electrode
method (Jackson, 1973)

Solubridge method
(Piper, 1950)
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The weather data during the crop growth period, namely kharif and rabi,
2000-01 and 2001-02, recorded at the Meteorological Observatory, IARI, New
Delhi are given in Appendix | and depicted in Fig. 1 and Fig. 2.

3.3 Soil characteristics

The soil is of Yamuna alluvium origin and belongs to order inceptisol,
Maharauli series, sandy clay-loam with moderate water holding capacity. The soil
of the field was well levelled, slightly alkaline in reaction but deep percolating and
well drained. [t was medium in organic carbon, available phosphorus and
potassium. The mechanical composition and chemical characteristics of the soil
of the experimental field are give\h in Table 1.

3.4 Cropping history of the field
The cropping history of the experimental field is given iﬁ Table 2.

Table 2. Cropping history of the field

Year : Kharif : Rabi
(June-Oct.) (Nov.-April)

1997-98 Rice Wheat

1998-99 Rice Wheat

1999-00 Rice Wheat

2000-01 Present experiment Present experiment

2001-02 Present experiment Present experiment

3.5 Experimental details
3.5.1 Treatments

There were five weed control treatments applied to rice in kharif season
and four weed control treatments applied to wheat crop in rabi. The details of the

treatments are given below.
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3.5.1.1 Kharif

T, : Anilofos at 500 g a.i./ha pre-emergence (pre-em.)

T, : Pretilachlor at 750 g a.i./ha pre-emergence (pre-em.)

T, : Flufenacet at 120 g a.i./ha pre-emergence (pre-em.)

Ts : Hand weeding 20 and 40 days after transplanting (DAT)

Ts : Weedy check

3.5.1.2 Rabi

Wj : Sulfoéulfuron at 25 g a.i./ha applied 35 days after sowing (DAS) .
W : Metribuzin at 200 g a.i./ha applied 35 days after sowing (DAS)
W, : Hand weeding 30 and 45 days after sowing (DAS)

Wy : Weedy check

3.5.2 Experimental design and layout
3.5.2.1 Design

The ‘experiment was laid out in an exténded group design (rectangular
design). Twenty treatment combinations were obtained from five kharif and four
rabi treatments. These 20 treatment combinations were arranged in six blocks
each of size 10 plots. The block contents are given in Fig. 3.
3.5.2.2 Layout

The plan of layout of the experiment is depicted in Fig. 3.

Number of treatments (i) Kharif : 5
(i) Rabi : 4
Number of blocks | : 6
Total number of plots 60
Gross plot size : 7 (i) Kharif 5m x 2 m (10 m?)

(i) Rabi 5 m x 1.98 m (9.9 m?
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Treatments:

Kharif (Rice) -
T, : Anilofos 500 g/ha

T- : Pretilachior 750 g/ha

T: : Flufenacet 200 gha
T. : Hand Weeding (20 and 40 DAT)

Rabi (Wheat)

W, : Sulfosulfuron 25 gha
W : Metribuzin 200 gha
W:: Hand Weeding (30 and 45 DAS)
W, : Weedy Check
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Net plot size : (i) Kharif 4 m x 1.2 m (4.8 m?)
(i) Rabi: 4 m x 1.1 m (4.4 m?)

Spacing for rice : 20cmx 10 cm

Spacing between rows of wheat: 22 cm

3.6 Description of crop varieties used

3.6.1 Rice (Pusa 44)

It was developed at IARI, New Delhi and was released for general
cultivation in 1994 for northern India. Plants are semi-dwarf with a height of about _
100 cm and highly resistant to lodging. It produces medium slender and non-
aromatic seeds. It matures in about 135-145 days and its yield ‘potential is 50-100
quintals per hectare.

3.6.2 Wheat (HD 2285 or Govind)

It was developed at IARI, New Delhi from a cross 249/HD 2160/HD 2186
and was released for general cultivation in 1983 for north-western and north-
eastern plain zones. It is suitable for late sown and very late sown conditions in
irrigated areas. It is a double dwarf with a height of about 90 cm, early maturing
(108-121 days) and resistant to rusts and karnal bunt. It also possesses terminal
heat tolerance and wider adaptability. Grains are amber, hard, medium bold and
makes good chapatis. It fits well in intensive cropping system.

3.7 Field operations

The details of field operations carried out during the crop seasons are
given in appendix 2 and the main operations are described below.
3.7.1 Raising of rice nursery

The nursery was gfbwn on puddled raised beds of 10 m x 1 m leaving
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of 250 g of urea, 300 g of single superphosphate and 100 g of muriate of potash
were applied to each 10 m? bed. Sprouted seeds were broadcast uniformly on
the wet nursery at the rate of 300 g per bed. The beds were irrigated regularly.
Fifteen days after sowing, one manual weeding was given and 250 g urea was
applied to each bed. The seedlings were grown to an age of 25 to 30 days for
transplanting.
3.7.2 Land preparation

The experimental field was ploughed deeply followed by discing.
Puddling was done with a puddler in flooded field and field was finally leveled.
Bunds were erected around each plot before transplanting. After harvesting of
rice, the field was prepared for sowing wheat without disturbing the original
layout. The site of experiment was shifted in the second year to adjacent field.
3.7.3 Crop establishment

For rice, two to three 25 to 30 days old seedlings were transplanted per
hill at a spacing of 20 cm x 10 cm. The seed rate for wheat was 100 kg/ha. For
}sowing wheat, a tractor drawn seed drill with row to row spacing of 22 cm was
used.
3.7.4 Gap filling and thinning

A week after transplanting of rice, gap filing was done wherever
necessary. After recording germination count for wheat, gap filling by resowing
and thinning was done where required.
3.7.5 Fertilizer application

A fertilizer dose of 100 kg N, 60 kg P05 and 40 kg K,O/ha was used for
rice. Full quantity of P and K and half of nitrogen was applied as basal and

remaining N was applied 40 DAT.
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In wheat, 120 kg N, 60 kg P,0s and 40 kg K.O/ha was used. Full
quantity of P and K and half of nitrogen was applied as basal and remaining N in
two equal splits 30 and 60 DAS. Sources of nitrogen, phosphorus and potassium
were urea (46% N), single superphosphate (16% P,0s) and muriate of potash
(60% K30), respectively.

3.7.6 lrrigation

Required irrigations were given to maintain 3-5 cm standing water in the
rice field. Besides ra‘infall, water was supplied through irrigation system to meet
the demand of wheat for normal growth.

3.7.7 Manual weeding

Two hand weedings were done at 20 and 40 days by manually uprooting
the weeds in the rice plots under hand weeding. In wheat two hand weedings
were given 30 and 45 DAS with the help of khurpi as per treatments.

3.7.8 Herbicide application

| Anilofos and pretilachior were sprayed, as per treatments, with knapsack
sprayer using 600 liters of water/ha. Fiufenacet was mixed with sand at 50 kg/ha
and uniformly broadcasted as per treatment. All the three herbicides were
applied 3 DAT of rice.

In wheat sulfosulfuron and metribuzin were sprayed with knapsack
sprayer using 600 litres of water/ha 30 DAS as per treatments.

3.7.9 Plant protection measures

Endosulfan at 3 ml/l of water was sprayed to protect the rice crop from

stem borer. No pesticide was sprayed in wheat as there was no infestation of the

crop either by insects or diseases.
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3.7.10 Harvesting and threshing

Crops of the system were harvested manually when all the
panicles/spikes turned yellow. The net plots after removing the border rows were
harvested and left in the respective plots for drying. The dried crop was tied into
bundles plotwise separately, labeled and weight of each bundle was recorded
separately before threshing. Both the crops were threshed with the help of power
drawn thresher.
3.8 Details of data collection
3.8.1 Observations on weeds
3.8.1.1 Weed population: An area of 0.25 m? was selected randomly by placing
a quadrat of 50 cm x 50 cm. Weeds were counted individually from the quadrat
area. The data thus obtained were expressed in number of plants/m?.
3.8.1.2 Weed dry matter: Weeds from 0.25 m? area from each plot were
removed and dried under the sun. These were then oven dried at 70°C to a
constant weight. Finally the dry weight was recorded and expressed in g/m?.
3.8.1.3 Weed index (WI): Weed index (%) was calculated from the grain yields
of rice and wheat by using the formula suggested by Rathore ef al. (1990) as:

Yield of treated plot — Yield of control plot

WI (%) = x 100
Yield of treated plot

3.8.1.4 Weed control efficiency (WCE): Weed control efficiency (%) of different
weed control treatments was calculated from the data on weed dry weight by
using the formula:

Weed dry weight in control plot — Weed dry weight in treated plot

WCE (%) = x 100
Weed dry weight in control plot
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3.8.2 Observations on crops
3.8.2.1 Plant population: Plant population of wheat per running metre was
recorded from two different rows in each plot to study the residual effect of
herbicides. Observations were taken before gap filling and thinning.
3.8.2.2 Plant height: Height of five plants randomly selected from each plot was
measured in cm from base level to the tip of the largest leaf, while after flowering
the top of the panicle/ear was taken as upper limit. The mean values were then
computed.
3.8.2.3 Tiller number: Number of‘ti'llers per hill for the five sample plants were
counted and average number of tillers per hill were computed.

In wheat, number of tillers per running metre was recorded at 60 and 90
DAS from two different rows in each plot and expressed as tillers per metre row
length.
3.8.2.4 Dry matter accumulation: Five rice hills were randomly collected by
cutting at ground level. In wheat, one metre row length was selected randomly
from the second row of each plot and plants were cut at ground level. The
removed plants were dried under the éun and later oven dried at 65-70°C for 48
hours before final weighing. Dry matter was expressed as g/hill and g/metre row
length in rice and wheat, respectively.
3.8.2.5 Number of effective tillers: Number of effective tillers (bearing
panicles/ears) per hill of rice and per metre row length in wheat were counted at
harvest. |
3.8.2.6 Panicle and ear length: Length of five panicles/ears per plot selected
- randomly at the time of harvasting was recorded and average values were

expressed in cm.
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#8.2.7 Grain weight per panicle and ear: From the randomly selected
panicles/ears, grains were separated manually, weighed and mean grain weight
was computed.
3.8.2.8 Test weight: Thousand grains were counted manually from the
narvested and cleaned produce of each plot and their weights were recorded.
3.8.2.9 Grain yield: The weight of grains obtained from each net plot was
recorded and expressed as g/ha.
3.8.2.10 Straw yield: Straw yield was obtained by substracting grain yield from
total biomass yield of each plot. The yield was expressed in g/ha.
3.8.2.11 Harvest index: The harvest index was calculated by the formula:

Grain yield (g/ha)

Harvest index (%) = x 100
: Biological yield (gq/ha)

3.9  Herbicide residue estimation (kharif season)

Soil samples (15 cm depth) were collected from herbicide treated and
untreated field plots in each Block, at two times, on the day of herbicide
application and at rice harvest. The samples were mixed thoroughly and
extracted on the same day of collection. In rabi, soil samples were coliected, at
two times, on the day of herbicide application and at harvest of wheat. The
samples were mixed thoroughly, air dried and passed through 2 mm sieve.

3.9.1 Extraction

3.9.1.1 Soil

3.9.1.1.1 Anilofos, pretilachlor and flufenacet: Soil samples (100 g soil) were
transferred to Erlenmeyer flasks (500 ml). Acetone (200 ml) wa;s. added to each
flask, stoppered, shaken vigorously for few minutes and kept overnight. The clear

Subernatant was decanted. The residue soil samples were further extracted two
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- more times with 100 mi of acetone each time by shaking on a mechanical shaker
for 30 minutes. The combined supernatant was concentrated till acetone was
removed. The aqueous extract was transferred to separatory funnel (500 ml) and
diluted with 100 mi of 2% sodium chloride solution. The aqueous phase was
extracted by partitioning thrice with chloroform (3 x 50 ml). The chloroform extract
was passed through anhydrous sodium suifate to remove traces of moisture and
concentrated to dryness. The traces of chloroform were removed by adding 5 mi
hexane and evaporating it completely. Finally the residues were dissolved in
hexane for analysis. |
3.9.1.2 Rice grain
3.9.1.2.1 Anilofos: Finely ground samples of grain (50 g) were transferred to
Erlenmeyer flask (250 ml) with 150 ml of acetone/water (80:20) mixture and
extracted by shaking on a mechanical shaker for 30 minutes. The extract was
passed through Whatman No. 1 filter paper. The extraction was done twice more
with same solvent system 100 mi each time.

The combined filtrate was concentrated to about 50 mi, transferred to a
separatory funnel and diluted with 100 mi of 2% acjueous sodium chloride
solution. The aqueous phase was partitioned thrice with dichloromethane (3 x 50
mil). The combined dichloromethane layer was dried by paésing through
anhydrous sodium sulfate in order to make it free from traces of water and
concentrated to near dryness.
3.9.1.2.2 Pretilachlor: Acetonitrile and methanol (100 mi) as added to powdered
grain (50 g) samples and left overnight. The contents were shaken for two hours

with a mechanical shaker. The slurry was filtered through a fluted filter paper.
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The combined filtrate was concentrated to about 50 ml. The concentrated extract
from grain was transferred to a 250 ml separatory funnel and the acetonitrile
solution was extracted twice with 50 mi of n-hexane and the n-hexane is
discarded. The residues were re-extracted from the acetonitrile phase after
addition of 100 mi of sodium chloride solution with three 100 mi portions of n-
hexane by vigorously shaking for at least two minutes during each extraction.
The n-hexane phases were collected, passed through anhydrous sodium sulfate
and evaporated to dwneés.
3.9.1.2.3 Flufenacet: The powdered grain (10 g) sample was taken in a filter
paper thimble and extracted in soxhlet extractor with 250 ml of chloroform for 4
hours. The chioroform from the extract was distilled off completely. The residues
were dissolved in acetonitrile (50 ml) and transferred quantitatively to separatory
funnel (250 ml). The acetonitrile phase was partitioned three times with hexane
(30 ml) and the hexane phase was discarded.The acetonitrile phase was then
diluted five times with saturated sodium chloride solution and partitioned thrice
with chloroform (50 ml). The traces of moisture from chioroform extract were
removed by passing it through anhydrous sodium sulfate and concentrated. The
traces of chloroform were removed by adding 5 mi of hexane and evaporating it
completely. Finally the residues were dissolved in hexane for analysis.
3.9.2 Clean-up

There was no additional clean-up required for soil and grain extracts.
3.9.3 Estimation

The residues of anilophos, pretilachlor and fiufenacet were analysed on
Hewlett Packard 5890 Series Ii gas chromatograph equipped with ®*Ni electron

rantira datactar (FCGDY. auto iniector 7673, megabore HP-1 column (10 m x 0.53
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“mm i.d.). The operating parametres were: column, injector and detector
temperatures were 200, 220 and 240°C, respectively for anilofos and pretilachlor
estimation. For flufenacet, detector and injection port temperatures were 300 and
280, respectively and column temperature was programmed at 160°C for 9
minutes then raised to 260°C at 30°C/min and maintained for 3 minutes. Nitrogen
was used as carrier gas (LIOLAR 1) with flow rate of 15 ml/min for estimation of
all the three herbicides.

-3.10 Herbicide residue estimation (Rabi season)

3.10.1 Extraction

3.10.1.1Soil

3.10.1.1.1 Sulfosulfuron: Soil sample (50 g) was taken in an Erlenmeyer flask

(250 mil) and 100 mi of a mixture of acetonitrite:1M ammonium carbonate

solution (90:10 v/v) was added. The flask was stoppered and shaken on a

mechanical shaker for 30 minutes. The contents were allowed to settle and

supernatant phase was filtered through Buchner funnel using water pump. The

extraction was done twice more with same solvent system (80 ml) and filtered in

the same way, The combined filtrate was concentrated to about 20 ml. The

concentrated extract was transferred to a 250 mi separatory funnel, diluted with

100 mi of distilled water and partitioned thrice with dichloromethane (50 ml). The

dichloromethane layer was passed through anhydrous sodium sulfate to remove

traces of moisture and evaporated to dryness. |
3.10.1.1.2 Metribuzin: To the soil sample (25 g) in an Erlenmeyer flask (250 ml),

200 ml of a mixture of methanol:water (4:1 v/v) was added. The flask was

stoppered and shaken on a mechanical shaker for 45 minutes. The clear

supernatant was decanted. The residue soil sample was further extracted twice
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with 100 ml of acetonitrile and the supernatant decanted. The combined
sypernatant was concentrated and partitioned thrice with dichloromethane (50
mi). The dichloromethane layer was passed through anhydrous sodium sulfate to
remove traces of moisture and evaporated to dryness.
3.10.1.2 Wheat grain
3.10.1.2.1 Sulfosulfuron: The powdered grain sample (50 g) was taken in a filter
paper thimble and extracted in soxhlet apparatus with 250 mi of acetone for four
hours. The extract wés concentrated to about 10 ml. The concentrated extract
was transferred to a separatory,fﬁnnel (250 ml), diluted with 100 mi of water and
partitioned twice with dichloromethane (50 ml). The dichloromethane layer was
passed through anhydrous sodium suifate and evaporated to dryness.
3.10.1.2.2 Metribuzin: To the powdered grain sample (10 g), 100 mi of
acetonitrile was added and left overnight. The contents were shaken on a
mechanical shaker for 30 minutes and the slurry was filtered through a filter
paper. The extract was concentrated to dryness and dissolved in HPLC grade
acetonitrile for chromatographic analysis.
3.10.2 Clean-up
There was no additional clean-up required for soil and grain extracts.
3.10.3 Estimation
3.10.3.1Sulfosulfuron: The residues of sulfosulfuron were analysed on Hewlett
Packard HPLC instrument (Series 1100) equipped with degasser, quarternary
pump and diode-array detector. The stationary phase consisted of Lichrospher
lon RP-8 packed stainless steel column (250 mm x 4 mm i.d.). The stationary
phase consisted of Lichrospher lon RP-8 packed stainless steel column (250 mm

x 4 mm id.). Acetonitrile:water:0-phosphoric acid (80:20:0.1) mixture was used
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as mobile phase at a flow rate of 1 mi/min. Injection volume of sample was 10 pl.
The detector was set at 212 nm.
3.10.3.2 Metribuzin: A Hewlett Packard HPLC instrument (Series 1100)
equipped with degasser, quarternary pump, 160 seiectablé wavelength UV
detector and ultrasphere ODS (C-18), 4.6 mm i.d. x 15 cm analytical column. The
mobile phase used consisted of mixture of acetonitrile:water (30:70, v/v) at a flow
rate of | ml/min. Injection volume of sample was 10 ul. The detector was set at
229 nm.
3.10 Economics

Cost of cultivation and gross return for each treatment was worked out
on the basis of the prevailing market price for input and the produce (grain and
straw). The details are given in appendices Ill and IV. The net return per hectare

was calculated by deducting the cost of cultivation from gross return.

Gross return (Rs/ha) = Price of grain + Price of straw
Net return (Rs/ha) = Gross return (Rs/ha) — Cost of cultivation (Rs/ha)

Net return (Rs/ha)

Net return per rupee invested =
Cost of cultivation (Rs/ha)

Additional return due  Gross return from the  (Gross return from weedy check
weed control (Rs/ha) ~  treatment + Cost of weed control)

Additional return per = Additional return due to weed control
rupee invested Cost of weed control
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3.11 Statistical analysis

The kharif data were analysed as a general block design where each
treatment wés replicated twice in each block. The rabi data were analysed as per
procedure of block designs with factorial structure. Details on the analytical

aspects are given in Prasad et al. (2000) and Gupta and Mukherjee (1989).



RESULTS

The experimental results obtained during the present study are
presénted in this chapter. The data are presented in Tables 3 to 33. Data on
some important parameters are also depicted in Figures 4 to 11.

4.1 Rice
411 Observations on weeds
41.1.1 Weed flora

in both the years, weed species in the experimental plot consisted of a
mixed population of grass (80.9%) and broadleaf weeds (19.1%). Echinochloa
crusgalli (35.8%) and Echinochloa colona (23.l3%) were the predominant weeds
among the grasses which together constituted 50.1% of total weed population
while Eclipta alba (12%) and Oxalis corniculata (4.2%) were dominant among
broadleaf weeds. Besides, Leptochloa chinensis, Paspalum scrobiculatum,
Cynodon dactylon, Digitaria ciliaris, Commelina benghalensis and Cyperus
rotundus were also present in small numbers.

41.1.2 Weed population

Data on specieswise weed population recorded 30 and 60 days after
transplanting (DAT) and at harvest are presented in Tables 3, 4 and 5.
4.1.1.2.1 Echinochloa crusgalli: Weed control treatments brought about
marked reduction in the population of E. crusgalli compared to weedy check in
both the years. At 30 days stage in both the years, maximum reduction in its

population was in flufenacet. It was at par with anilofos and two hand weedings
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2000, in anilofos and flufenacet significantly lower number was recorded
compared to other treatments (Table 4) while in 2001, in the latter compared to
all other treatments except two hand weedings (Table 4). At harvest, in 2000,
population in flufenacet and hand weeding was similar but significantly lower
compared to other treatments except anilofos (Table 5). In 2001, flufenacet
application resulted in drastic decrease and proved significantly superior to other
treatments (Table 5).

4.1.1.2.2 Echinochloa colona: In 2000, at all the growth stages, population of E.
colona was similar in flufenacet, anilofos and hand weeding which was
significantly lower co-mpared to other treatments. While in 2001, at 30 days
stage, flufenacet resulted maximum decrease and was significantly superior to
other treatments (Table 3). Anilofos and hand weeding being at par were the next
best treatments. Similarly, at 60 days stage, significantly lower number was
recorded in | flufenacet compared to other treatments (Table 4). Anilofos
application was theénext best treatment. At harvest, in 2001, in flufenacet the
lowest population was recorded but was at par with anilofos and hand weeding.
However, it proved significantly superior to pretilachlor and weedy check in
lowering the population (Table 5).

4.1.1.2.3 Grass weeds: Weed control treatments brought about significant
reduction in the population of grass weeds compared to weedy check in both the
years. At 30 days and at harvest stages, flufenacet application resuited in the.
maximhm reduction of grass weeds and proved significantly superior to all other
treatments in both the years except hand weeding in 2000. Pretilachlor was least

effective among the herbicides on grass weeds which, however, recorded
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significantly iower number compared to weedy check. Similarly, at 60 days stage,
fiufenacet caused significantly higher reduction compared to all other treatments
in both the years except anilofos in 2000 (Table 4). In anilofos and hand weeding
number of grass weeds was almost similar but significantly lower than weedy
check.

4.1.1.2.4 Broadleaf weeds: At 30 days stage in 2000, anilofos application
'brought about significant reduction in the population of broadieaf weeds
compared to other treatments gaicept hand weeding (Table 3). But in 2001, |n
hand weeding significantly lower population was recorded compared to other
treatments (Table 3). Flufenacet, which gave excellent control of grass wéeds,
was comparatively less effective on broad leaf weeds. At 60 days stagé in both
the years hand weeding was most effective in lowering the population of
broadleaf weeds (Tabie 4) and proved significantly superior to all other
treatments e’xcept anilofos in 2001. Pretilachlor was the least effective herbicide
against broadleaf weeds. At harvest in 2000, the lowest population was recorded
in hand weeding and it proved significantly superior to other treatments except
anilofos (Table 5). However, in 2001, all the weed control treatments caused
similar reduction and were statistically superior to weedy check (Table 5).
4.1.1.2.5 Total weeds: Weed control treatments effected significant reduction in
the total weed population compared to weedy check in both the years. in 2000,
30 DAT, anilofos, flufenacet and hand weeding caused similar reduction and

proved significantly superior to pretilachlor (Table 3). However, in 2001,

significantly lower populatior: was recorded in flufe Table 3) compared to
a9iC- BKS, INSF
fdopulation was

other treatments. In 2000, significantly lo rded in hand
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weeded plots compared to other treatments except anilofos at 60 days stage
(Table 4) and anilofos and flufenacet at harvest (Table 5). Population in latter two
treatments was almost similar. In 2001, both at 60 days and at harvest stages,
the lowest population was recorded in flufenacet which was at par with aniiofos
and hand weeding (Tables 4 and 5). Pretilachlor was »Ieast effective among the
weed control treatments.
4.1.1.3 Dry matter accumulation by weeds

Data on dry matter accumulation (glmz) by weeds recorded 30 and 60
DAT and at harvest as affected by different treatments are presented in Tables 6.

All the weed control treatments caused significant reduction in dry
matter accumulation by weeds in both the years. Hand weeding was the most
effective treatment in lowering the dry matter accumulation by weeds at each
growth stages in both the years. This treatment proved significantly superior to
the rest of t'he treatments in arresting the dry matter accumulation by weeds.
Flufenacet was the next best treatment and caused significant reduction in dry
weight of weeds compared to anilofos at 30 and 60 day stages and pretilachlor at
all stages in both the years. However, in both the years at harvest stage,
flufenacet and anilofos treatments effected similar decrease. Pretilachlor was the
least effective herbicide, it proved significantly inferior to anilofos and hand
weeding.
41.1.4 Weed index

Data on weed index (%) as influenced by different treatments are

presented in Table 7 and graphically depicted in Figure 4.
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Table 7. Weed index (%) of different weed control treatments

———

Treatment 2000 2001
Anilofos 500 g/ha 60.63 57.05
Pretilachlor 750 g/ha . 54.21 50.94
Flufenacet 120 g/ha 61.33 58.56
Hand weeding 63.45 61.69
Weedy check | ' - -

Table ‘8. Weed control efficiency (%) of different weed control treatments

Treatment 2000 2001
30 60 At 30 60 At
DAT DAT harvest DAT DAT harvest

Anilofos 500 g/ha 856.33 86.79 80.82 79.03 79.81 78.16
Pretilachlor 750 g/ha  73.51  75.14 76.41 68.31 67.66  70.81
Flufenacet 120 g/ha  87.61  88.87 83.62 82.75 83.69 79.79
Hand weeding 93.29 9195 87.00 90.52 88.30 82.65

Weedy check - - - - - -
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In both the years, two hand weedings registered the highest weed index
(61.7-63.4%) closely followed by flufenacet (58.5-61.3%) and anilofos (57.0-
60.6%). The lowest weed index (50.9-54.2%) was of pretilachlor.
4.1.1.5 Weed control efficiency

Data pertaining to weed control efficiency (%) as influenced by different
treatments are presented in Table 8 and depicted in Figure 5.

In both the years, the highest weed control efficiency (82.6-93.2%) was
of hand weeding followed by flufenacet (79.7-88.8%) and anilofos (78.1-86.8%).
The lowest weed control efficiency was of pretilachior (67.6-76.4%).

4.1.2 Observations on rice
41.21 Plant height

Data pertaining to plant height (cm) recorded 30 and 60 DAT and at
harvest of the crop are presented in Table 9.

In éii the weed control treatments significantly higher plant height was
recorded compared to weedy check at all growth stages in both the years. At 30
déys stage in 2000, in anilofos, pretilachlor and hand weeding plants were similar
in height but significantly taller than the plants in other treatments. However, in
2001, hand weeding being at par with anilofos effected significantly higher
increase in plant height compared to rest of the treatments. Minimum height of
plants was recorded in flufenacet at this stage in both the years.

At 60 days and at harvest stages in both the years, plants were
significantly taller in hand weeding compared to other treatments. Plants did not
differ significantly in height in anilofos and flufenacet treated plots except at 60

days stage in 2001 when in latter significantly higher plant height was recorded.
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Among the weed control treatments, plant height was lower in pretilachlor which,
however, was at par with that under flufenacet in 2000 and anilofos at 60 days
stage in 2001.

4.1.2.2 Dry matter accumuiation by rice

Data on dry matter accumutation (g/hill) by rice 30 and 60 DAT and at
harvest as influenced by different treatments are presented in Table 10.

All the weed control treatments effected marked improvement in dry
matter accumulation by-rice compared to weedy check. In both the years, 30
DAT, significantly higher dry matt,er. accumulation by rice was recorded in the
plots treated with anilofos compared to other treatments. Pretilachior was the
next best treatment in which significantly higher dry mattér accumulation was
recorded compared :to rest of the treatments except flufenacet in 2001. The
lowest dry matter aécumulation among the weed control treatment was in hand
weeding.

In both the years, at 60 days and at harvest stages in two hand
weedings dry matter accumulation by rice was significantly higher compared to
other treatments. At 60 days stage in 2000, anilofos proved significantly superior
to flufenacet but no significant difference existed. between them at any other
stages in both the years. Dry matter accumulation was lowest in pretilachlor
among the weed control treatments. ‘
4.1.2.3 Number of tillers

Data pertaining to number of tillers per rice hill at different growth

stages are given in Table 11.



Table 9. Effect of treatments on plant height (cm) of rice at different

growth stages

e ———————

- Treatment 2000 2001
30 60 At 30 60 At

DAT DAT  harvest DAT DAT  harvest
Anilofos 500 g/ha 66.04 91.34 105.30 63.94 88.34 101.75
Pretilachlor 750 g/ha  65.07 88.30 101.82 63.31 86.61 08.81
Flufenacet 120 g/ha 62.90 90.75 104.1 62.45 90.66 103.80
Hand weeding 65.15 9572 111.01 65.20 096.46 111.67
Weedy check 57.05 82.07 93.78 59.43 82.72 94.50
S.Em + 0.63 0.85 0.87 0.57 0.75 0.90
CD (P=0.05) 1.80 2.40 2.46 1.62 2.13 2.56

Table 10. Effect of treatments on dry matter accumulation (g/hill) by rice at

different growth stages
Treatment 2000 2001
30 60 At 30 60 At

DAT DAT  harvest DAT DAT  harvest
Anilofos 500 g/ha 440 26.50 40.08 4.37 23.03 37.52
Pretilachlor 750 g/ha 4.21  23.63 37.13 412 2159 35.33
Flufenacet 120 g/ha 403 25.02 39.83 4.05 23.24 3847
Hand weeding 3.96 28.36 42.20 3.75 2669 4285
Weedy check 217 1453  23.01 200 1448 22.57
SEm+ 0.05 0.30 0.47 0.07 0.26 0.70
CD (P=0.05) 0.14 0.85 1.34 0.20 0.74 1.99
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All the weed control treatments brought about significant increase in
tiller number compared to weedy check. At 30 days stage in both the years,
maximum number of tillers were recorded in flufenacet. it was at par with anilofos
but proved significantly superior to rest of the treatments. Among the weed
control treatments significantly lower number of tillers were recorded in
pretilachlor at all the stages in both the years.

In both the years, 60 DAT and at harvest, two hand weedings effected
maximum increase in tiller number but was at par with flufenacet and anilofos |
except 60 DAT in 2001.
4.1.2.4 Number of panicles per rice hill and panicle length

Data on number of panicles per rice hill and panicle length (cm) as
affected by different treatments are presented in Table 12.

Weed control treatments caused»measurabie improvement in number of
'panicles and panicle length compared to weedy check. Hand weeding resulted in
the maximum panicle number and panicle length and proved significantly
superior to other treatments. Flufenacet and anilofos treatments recorded almost
similar number of panicles and panicle length and were significantly superior to
pretilachlor in both years.
4.1.2.5 Grain weight per panicle and 1000-grain weight

Data on grain weight per panicle (g) and 1000-grain weight (g) of rice

as influenced by different treatments are presented in Tabie 13.



‘Table 11. Effect of treatments on number of tillers per rice hill at different

growth stages
Treatment 2000 2001
30 60 At 30 60 At

DAT DAT  harvest DAT DAT  harvest
Anilofos 500 g/ha 15.6 16.3 16.0 14.2 14.5 14.3
Pretilachlor 750 g/ha  13.3 14.1 14.1 13.1 13.5 13.1
Flufenacet 120 g/ha  15.7 16.2 15.7 14.6 15.0 14.7
Hand weeding | 14.8 16.6 16.3 13.6 15.3 15.0
Weedy check 9.9 .10.0 9.7 8.8 92 83
S.Em + 0.20 0.21 0.22 0.26 0.25 0.25
CD (P=0.05) 0.57 0.59 0.62 074 - 0.7 0.71

Table 12. Effect of treatments on number of panicles per hill and panicle
length (cm) of rice

Treatment - 2000 2001
Panicles/ Panicle Panicles/ Panicle
hill length hill length
Anilofos 500 g/ha 92 25.5 9.1 25.0
Pretilachlor 750 g/ha 8.6 242 8.3 241
Flufenacet 120 g/ha 9.5 25.2 9.2 25.3
Hand weeding 10.0 26.8 9.9 26.4
Weedy check 6.1 22.5 6.2 226
S.Em + 0.14 0.31 0.20 0.30

CD (P=0.05) 0.39 0.88 0.56 0.85
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Tabie 13. Effect of treatments on grain welght per panicle (g) and 1000-
grain weight (g) of rice

Treatment 2000 2001
Grain weight/ 1000-grain Grain weight/ 1000-grain

panicle weight panicle weight
Anilofos 500 g/ha 2.04 21.09 1.99 20.85
Pretilachior 750 g/ha 1.89 20.79 1.80 20.44
Flufenacet 120 g/ha 2.15 21.50 2.02 20.95
Hand weeding 2.29 21.84 2,20 2117
Weedy check ' 1.41 19.46 1.50 19.05
SEm+ 0.04 0.21 0.05 0.23
CD (P=0.05) 0.11. 0.59 0.14 0.65

" Weed control treatments brought about significant increase in the grain
weight/panicle and 1000-grain weight. In both the years, significantly higher grain -
weight/panicle was recorded in hand weeding compared to other treatments.
Flufenacet caused significantly higher increase in grain weight/panicie compared
to preﬁlachlor in both years and anilofos in 2000.

In both the years, two hand weedings and flufenacet caused identical
increase in 1000-grain weight. Former treatment proved statistically superior to
all other treatments except anilofos in 2001. While ;‘lufenacet was at par with
anilofos but registered significantly higher 1000-grain weight compared to
pretilachlor in 2000. However, no signiﬁcant‘ differences existed among-the three
herbicide treatments in 2001.
4.1.2.6 Crop yield

Data pertaining fo grain and straw yield (kg/ha) and harvest index (%)
}as influenced by different treatments are presented in Table 14. Grain and straw

yield are also depicted graphically in Figures 6 and 7, respectively.
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- 4.1.2.6.1.Grain yield: In both the years weed control treatments brought about
significant increase in grain yield compared to weedy check. Hand weeding
.resulted in the highest increase which proved significantly superior to all other
treatments. Grain yield was marginally higher in the flufenacet treated plots
compared to anilofos but both recorded significantly higher grain yield over
pretilachlor. In both the years, increase in grain yield was lowest in the plots
treated with pretilachlor among the weed control treatments.
4.1.2.6.1.Straw yieldi Weed control treatments had marked effect on the straw
yield of rice in both the years. TV;IO hand weedings recorded significantly higher
straw yield compared to rest of the treatments. No significant difference existed
among anilofos and flufenacet. Pretilachlor was least effective and recorded
significantly lower straw yield among the weed control treatments.
4.1.2.6.2.Harvest index: Weed control treatments resulted in significant increase
in harvest index compared to weedy check in both the years. Harvest index was
highest in flufenacet but it was statistically at par with anilofos. Both these
treatments recorded significantly higher value of harvest index compared to other
treatments in both the years. Among the weed control treatments, significantly
lower harvest index was recorded in pretilachior in 2000 but it was statistically at
par with hénd weeding in the year 2001.
413 Herbicide residues

The residue levels of anilofos, pretilachlor and flufenacet (ug/g) in soil

initially and at harvest and in rice grain are given in Table 15.
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Table 15. Herbicide residues (pg/g) in soil initially and at crop harvest and in rice

grain
Treatment 2000 2001
Soil Grain Sail Grain
Oday Atharvest Oday Atharvest
Anilofos 500 g/ha 0.691 ND ND 0.703 ND ND
Pretilachlor 750 g/ha 0.928 ND ND 0.932 ND ND
Flufenacet 120 kg/ha 0.114 ND ND 0.106 ND ND

ND: Not detectable
41.3.1 Soil

The initial deposits of anilofos at 500 g/ha, pretilachlor at 750 g/ha and
flufenacet at 120 g/ha were found to be 0.691, 0.928 and 0.114 ug/g respectively
in 2000 and 0.703, 0.932 and 0.106 pg/g, respectively in 2001. All the herbicides
were below detectable limits at crop harvest in both the years.
4132 Grain

In both the years, residues of anilofos, pretilachlor and flufenacet were
below detectable limits in grain.
4.2 Wheat
4.2.1 Observations on weeds
4.21.1 Weed flora

In both the years (2000-01 and 2001-02), grass (72.5%) and broadleaf
(27.5%) weeds occurred in wheat field. Among grass weeds, the dominant
species were Phalaris minor.(27.1%), Avena ludoviciana (16.8%), Poa annua

(6.9%) and /mperata cylindrica (3.9%). The predominant broadieaf weeds were
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Coronopus didymus (11.3%), Melilotus indica (6.8%) and Rumex sp. (5.2%).
Besides, other weed species which infested in the field were Chenopodium
murale, Anagallis arvensis, Fumeria parviflora, Convolvulus arvensis, Cynodon
dactylon and Cyperus rotundus.
4.2.1.2 Weed population

Data on population of grass, broadleaf and total weeds (no. of
plants/m?) recorded 60 and 90 DAS and at harvest as influenced by different
treatments are presented in Tables 16, 17 and 18.
4.2.1.2.1 Grass weeds: Treatments applied to rice had no significant effect on
number of grass weeds at any stage in any year (2000-01 and 2001-02). Direct
effect of treatments was evident in both the years. Weed control treatments
brought about marked reduction in population compared to weedy check. In both
the years, 60 and 90 DAS, metribuzin was most effective in lowering the
population. l't was significantly superior to all other treatments. The next most
effective treatment was sulfosulfuron which recorded significantly lower
population compared to hand weeding. in both thé years at harvest, metribuzin
regis.tered lowest population and was at par with sulfosulfuron while in the year
2001-02 it was proved superior to hand weeding (Table‘ 18). Sulfosulfuron and
hand weeding caused identical decrease in both years.
4.2.1.2.2 Broadleaf weeds: Population of broadleaf weeds was not affected due
to residual effect of herbicides except at 60 days stage in 2000-01. At this stage,>
significantly lower population was recorded in hand weeding compared to weedy

check (Table 16).



" Table 16. Residual and direct effect of treatments on weed population per
m? in wheat (60 DAS)

(Grass weeds Broadleaf weeds Total weeds
2000-01 2001-02 2000-01 2001-02 2000-01 2001-02

Treatment

Residual effect

Anilofos 500 g/ha 11.2 11.6. 8.3 7.7 14,2 141
(204.0) (198.8) (100.4) (84.4) (304.4) (283.2)

Pretilachlor 750 g/ha 11.0 11.5 8.3 7.9 14.0 14.1
‘ (202.0) (197.6) (101.6) (84.8) (303.6) (282.2)

Fiufenacet 120 g/ha 109 116 8.5 8.0 14.1 14.2
(192.4) (202.4) (102.0) (89.6) (294.4) (292.0)

Hand weeding 10.9 11.6 8.0 7.8 13.7 141
(196.8) (198.4) (96.8) (84.4) (293.6) (282.8)

Weedy check 11.3 11.7 8.7 8.0 14.4 14.3
. (203.2) (200.4) (103.2) (87.6) (306.4) (288.0)

SEm 0.30 0.21 0.21 0.19 0.34 0.20

CD (P=0.05) NS NS 0.60 NS NS NS

Direct effect

Sulfosulfuron 25 g/ha 6.4 7.3 9.7 8.9 11.6 11.5
(39.2) (52.8) (92.8) (78.4) (132.0) (131.2)

Metribuzin 200 g/ha 3.9 4.4 1.5 1.6 4.3 47
(16.4) (21.2) (2.0) (2.8) (18.4) (24.0)

Hand weeding 7.9 9.2 6.0 6.0 9.9 11.0
(64.0) (82.4) (36.0) (34.4) (100.0) (116.8)

Weedy check 25.9 253 16.3 15.0 30.6 294
(678.4) (641.6) (272.0) (228.0) (950.4) (869.6)

SEm *+ 0.32 0.23 0.23 0.21 0.37 0.22

CD (P=0.05) 0.92 0.66 0.66 0.60 1.06 0.63

Figures in parentheses indicate original values



Table 17. Residual and direct effect of treatments on weed population per

m? in wheat (90 DAS)
Treatment “Grass weeds Broadieaf weeds Total weeds
2000-01 2001-02 2000-01 2001-02 2000-01 2001-02
Residual effect
Anilofos 500 g/ha 11.0 11.2 8.2 7.6 13.9 13.7
- (187.6) (186.4) (93.6) (80.0) (281.2) (266.4)
Pretilachlor 750 g/ha 10.8 11.1 8.4 7.6 13.9 13.6
(187.6) (186.8) (96.0) (80.0) (283.6) (266.8)
Flufenacet 120 g/ha 11.0 11.0 8.3 7.7 14.0 13.6
(182.4) (187.6) (94.4) (82.8) (276.8) (270.4)
Hand weeding 10.8 11.3 8.0 7.4 13.6 13.7
(184.4) (187.2) (92.0) (78.8) (276.4) (266.0)
Weedy check 11.2 11.3 8.0 7.7 14.1 13.9
(190.0) (187.2) (94.4) (82.0) (284.4) (269.2)
SEm + 0.27 0.17 0.18 0.17 0.29 0.19
CD (P=0.05) NS NS NS NS NS NS
Direct effect
Sulfosulfuron 25 g/ha 6.9 7.0 9.5 8.7 11.7 11.2
(46.8) (49.2) (88.4) (76.0) (135.2) (125.2)
Metribuzin 200 g/ha 4.1 4.0 1.5 14 4.4 4.3
(17.8) (18.0) (2.4) (2.0) (20.0) (20.0)
Hand weeding 8.3 9.2 6.3 5.9 10.4 10.9
(68.0) (80.8) (39.6) (34.0) (107.6) (114.8)
Weedy check 24.5 24.5 15.6 14.5 29.1 28.4
(612.8) (600.0) (245.6) (211.2) (858.4) (811.2)
SEm + 0.29 0.19 0.20 0.19 0.32 0.21
CD (P=0.05) 0.83 0.54 0.57 0.54 0.92 0.60

Figures in parentheses indicate original values



Table 18. Resudual and direct effect of treatments on weed population per
m? in wheat (at harvest)

Treatment Grass weeds Broadleaf weeds Total weeds
2000-01 2001-02 2000-01 2001-02 2000-01 2001-02
Residual effect
Anilofos 500 g/ha 46 6.1 5.8 5.9 7.6 8.7
(24.4) (40.4) (47.6) (48.8) (72.0) (89.2)
Pretilachlor 750 g/ha 46 . 6.2 55 6.2 7.3 9.0
(25.2)  (416) (44.8) (51.6) (70.0) (93.2)
Flufenacet 120 g/ha 4.4 6.2 5.6 5.9 7.3 8.8
(21.6) (42.4) (45.2) (51.2) (66.8) (93.6)
Hand weeding 4.4 5.8 55 59 7.3 8.4
(21.6) (38.4) (44.0) (50.0)  (65.6) (88.4)
Weedy check 4.6 6.2 5.9 6.3 7.7 9.0
(24.4) (41.2) (48.0) (51.6) (72.4) (92.8)
SEm + 0.25 0.23 0.14 0.15 0.24 0.24
CD (P=0.05) NS NS NS NS NS NS
Direct effect
Sulfosulfuron 25 g/ha 3.7 5.0 58 5.8 6.9 7.7
(13.6) (24.4) (33.6) (34.8) (47.2) (59.2)
Metribuzin 200 g/ha 3.2 46 1.0 1.4 3.3 4.8
- (10.4) (22.0) (0.8) (2.4) (11.2) (24.4)
Hand weeding 4.0 5.7 45 49 6.0 7.5
(16.0) (32.8) (20.4) (23.2) (36.4) (56.0)
Weedy check 7.2 9.1 11.4 11.9 13.4 15.0
(53.6) (84.0) (128.8) (142.0) (182.4) (226.0)
SEm + 028 025 045 047 026  0.26
CD (P=0.05) 0.80 0.72 0.43 0.49 0.74 0.74

Figures in parentheses indicate original values
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Weed control treatments in wheat caused significant reduction in
population compared to weedy check at all the stages. In both years, metribuzin
effected maximum reduction at all the stages and proved significantly superior to
other treatments. Hand weeding in wheat was the next best treatment which
recorded significantly lower population compared to sulfosulfuron at all the
stages. Sulfosulfuron was the least effective treatment, among weed control
treatments, in checking the population of broadieaf weeds in wheat.
4.2.1.2.3 Total weeds: In both years, effect of rice applied treatments was
identical on total population of weeds.

Significantly lower population was recorded in the weed control
treatments applied to wheat compared to weedy check. Metribuzin registered
lowest population and proved signifidantly superior to all other treatments in
arresting weed population in both the years. At all the stages, hand weeding was
the next moét effective treatment. It proved significantly superior to sulfosulfuron
in 2000-01 but was at par in 2001-02.
4.2.1.3 Dry matter accumulation by weeds

Data on dry matter accumulation (g/m?) by weeds recorded at different
stages are presented in Table 19.

Rice applied treatments did not cause any appreciable variation in dry
matter accumulation in any year of experimentation.

Weed control treatments applied to wheat (direct effect) brought about
significant reduction in the dry matter accumulation by weeds compared to
weedy check. At all the stages, metribuzin was the most effective treatment in

reducing dry matter accumulation in both the years and proved significantly



Table 19. Residual and direct effect of treatments on dry matter

accumulation (glmz)by weeds in wheat at different growth
stages

Treatment 60 DAS 90 DAS At harvest
2000-01 2001-02 2000-01 2001-02 2000-01 2001-02

Residual effect

Anilofos 500 g/ha 517 4.74 6.54  6.00 4.85 4.99
(32.56) (27.76) (56.04) (47.04) (27.40) (28.92)
Pretilachlor 750 g/ha 5.30 4.67 6.53  6.06 4.69 5.17
(33.72) (27.40) (56.48) (47.48) (26.56) (30.68)
Flufenacet 120 g/ha 526  .4.59 641  6.05 4.71 5.11
(34.12) (26.44) (54.68) (48.00) (26.32) (30.64)
Hand weeding 5.19 4.51 6.35 602 486 4.94
(32.84) (26.40) (54.60) (46.76). (26.80) (29.52)
Weedy check 5.28 4.80 665  6.10 4.97 5.14
(33.56) (28.08) (56.80) (48.20) (28.00) (30.16)
SEm + , 0.07 0.13 0.14  0.08 0.13 0.10
CD (P=0.05) NS NS NS NS NS NS

Direct effect

Sulfosuifuron 25 g/ha 475 412 5.47 5.05 472 4.85
(21.68) (16.20) (28.88) (25.44) (21.12) (22.44)
Metribuzin 200 g/ha 2.72 2.29 2.75 2.71 2.47 2.52
(7.16) (5.16) (7.64) (7.28) (6.28) (6.36)
Hand weeding 4.09 3.63 5.15 4.74 4.07 4.45
(16.16) (12.76) (26.00) (21.00) (16.20) (19.36)
Weedy check 9.39 8.59 1260 11.68 8.00 8.46
(88.48) (74.72) (160.40) (136.24) (64.44) (71.80)
SEm + 0.08 0.15 0.15 0.09 0.14 0.11
CD (P=0.05) 0.23 0.43 0.43 0.26 0.40 0.31

Figures in parentheses indicate original values
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superior to other treatments. Hand weeding was the next best treatment which
proved significantly superior to sulfosulfuron except at 90 days stage in 2000-01.
Among the weed control treatments, sulfosulfuron was the least effective
treatment in checking dry matter production by weeds.

4.2.1.4 Weed index

Data on weed index (%) as influenced by different wheat applied
treatments are given in Table 20 and depicted in Fig. 8. In both the years, weed
index of hand weeding was highest (23.7 to 27.0%) followed by sulfosulfuron -
(19.3 to 21.2%) and metribuzin (12.0-12.8%).

4.21.5 Weed control efficiency

Data on weed control efficiency (%) at different stages as influenced by
weed control treatments applied in wheat are presented in Table 21 and depicted
in Fig. 9.

Thé highest weed control efficiency (90.25 to 95.23%) was of
metribuzin in both the years. Hand weeding was the next best treatment with
weed control efficiency of 73.03 to 84.58%. Weed control efficiency was lowest of
sulfosulfuron (67.22 to 81.99%)

4.2.2 Observations on wheat
4.2.2.1 Plant population

Data pertaining to plant population (no. of plants/metre row-length)
recorded 20 DAS are presented in Table 22.

In both the years, plant population was not affected significantly by

direct and residual effect of treatments.



Table 20. Weed index (%) of different weed control treatments

Treatment 2000-01 2001-02
 sulfosulfuron 25 g/ha 21.20 19.30
Metribuzin 200 g/ha 12.80 12.07
Hand weeding 27.10 23.74
Weedy check - -

Table 21. Weed control efficiency (%) of different weed control treatments

Treatment 2000-01 2001-02
60 90 At . 60 90 At
DAS DAS harvest DAS DAS harvest

Sulfosulfuron 25 g/ha 7549  81.99 67.22 78.31 81.32 68.74
Metribuzin 200 g/ha  91.90  95.23 90.25 03.09 9465 91.14
Hand weeding 81.73  83.79 74.86 82.92 8458 73.03

Weedy check - - - - - -
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Table 22. Residual and direct effect of treatments on population (no./mrl*)
‘of wheat

Treatment 2000-01 2001-02

Residual effect

Anilofos 500 g/ha 36.7 37.7
Pretilachlor 750 g/ha 36.4 37.0
Flufenacet 120 g/ha | 37.2 36.9
Hand weeding | 37.1 37.4
Weedy check 36.6 37.0
SEm + 0.89 .08
CD (P=0.05) NS NS
Direct effect

Sulfosulfuron 25 g/ha 36.5 37.2
Metribuzin 200 g/ha 37.0 37.4
Hand weeding 37.2. 371
Weedy check 36.6 371
SEm + 0.85 0.91
CD (P=0.05) NS NS

mri* : meter row-length
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4.2.2.2 Plant height

Data on plant height (cm) recorded at different growth stages are given
in Table 23.

In both the years, no significant differences were observed bin plant
height due to residual effect of treatments (applied to rice). Direct effect of
treatments was evident. In hand weeding the highest increase in plant height was
recorded at all the stages in both the years. This treatment was significantly
superior to other treatments except sulfosulfuron at 90 days stage in 2000-01
and 90 DAS and at harvest in 2001-02. In both the years, 60 DAS, significant
decrease in the plant height was recorded in metribuzin compared to the rest of
the treatments except sulfosulfuron in 2001-02. However, 90 DAS and at harvest,
plant height in metribuzin and weedy check was similar.
4.2.2.3 Dry matter accumulation

Dafa on dry matter accumulation (g/0.5 metré row-length) by wheat
recorded at different growth stages are presented in Table 24.

Dry matter accumulation by wheat was not affected significantly due to
preceding treatments (applied to rice) in both the years.

At 60 days stage in both the years, significantly higher dry matter
accumulation was recorded in hand weeding compared to all other treatments.
Suifosulfuron proved significantly superior to weedy check only in 2001-02. In
both the years, 60 and 90 DAS, significantly lower dry matter accumulation was.
recorded in metribuzin compared to other treatments. In both the years, at 90
days stage, both hand weeding and suifosulfuron caused identical decrease but

recorded significantly higher dry matter accumulation over other treatments. At



Table 24. Residual and direct effect of treatments on dry matter
accumulation (g/0.5 mrl*) by wheat at different growth stages

Treatment 2000-01 2001-02
60 90 At 60 90 At
DAS DAS  harvest DAS DAS harvest

Residual effect
Anilofos 500 g/ha 16.25 9547 146.15 16.36 97.62 147.17
Pretilachlor 750 g/ha ~ 16.66 96.81 147.89 15.99 97.05 145.76

Fiufenacet 120 g/ha 16.38 96.72 147.67 16.15 97.15 146.29

Hand weeding 16.72 96.79 148.37 16.54 97.43 146.88
Weedy check 156.75 96.11 147.57 15.66 96.66 14550
SEm + 0.43 1.61 . 1.85 0.40 1.54 2.1
CD (P=0.05) NS NS NS NS NS NS
Direct effect

Sulfosulfuron 25 g/ha 16.87 101.27 1585.77 16.98 100.89 156.41

Metribuzin 200 g/ha 13.72 86.11 142.24 13.83 87.60 141.82

Hand weeding 18.54 104.32 162.34 18.57 105.26 160.02
Weedy check 16.24 93.82 129.97 156.25 9523 127.23
SEm + 0.47 1.77 2.03 0.44 1.69 2,31
CD (P=0.05) 1.35 5.08 5.83 1.26 4.85 6.63

mri* : meter row-length
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harvest, maximum dry matter accumulation was recorded in hand weeding and it
was statistically superior to other treatments except sulfosulfuron in 2001-02. Dry
matter accumulation was significantly lower in metribuzin compared to other
weed control treatments.

4.2.2.4 Number of tillers

Data pertaining to number of tillers per metre row-length of wheat
recorded 60 and 90 DAS are presented in Table 25.

Tiller number was not markedly affected by preceding treatments either‘
in 2000-01 or 2001-02. Significantly higher number of tillers were recorded in
hand weedingv compared to other treatments in both the years. Sulfosulfuron was
the next best treatment and proved significantly superior to metribuzin and weedy
check. In both the years, metribuzin application drastically reduced the tiller
number and recorded significantly lower number of tillers compared to all other
treatments. |
4.2.2.5 Number of effecfive tillers

Data pertaining to number of effective tillers per metre row-length as
influenced by different treatments are given in Table 26.

Rice applied treatments had no effect on number of effective tillers in
both the years. All weed control treatments applied to wheat recorded
significantly higher number of effective tillers compared to weedy check. Hand
weeding registered higher number of effective tillers in both the years and proved
significantly superior to other treatments except suifosulfuron in 2001-02. Among
the weed control treatments (applied to wheat), metribuzin recorded significantly

lower number of effective tillers in both the years.



Table 25. Residual and direct effect of treatments on tiller number (No./mri*)
of wheat at different growth stages

Treatment | 2000-01 2001-02
60 90 60 90
DAS DAS DAS DAS

Residual effect

Anilofos 500 g/ha . 121.0 121.5 122.9 122.5
Pretilachlor 750 g/ha 121.6 . 122.8 121.9 121.5
Flufenacet 120 g/ha 120.6 1214 122.0 121.0
Hand weeding 122.3 123.7 123.1 123.0
Weedy check 120.0 120.2 121.9 121.3
SEm + ‘ 1.86 1.69 2.07 1.95
CD (P=0.05) ' NS NS NS NS

Direct effect

Sulfosulfuron 25 g/ha 127 1 128.9 130.5 130.8
Metribuzin 200 g/ha 98.9 100.9 103.4 104.4
Hand weeding 142.1 143.5 139.9 1394
Weedy check 116.3 114.2 115.9 113.1
SEm + 2.04 1.85 2.26 213

CD (P=0.05) 5.85 5.31 6.49 6.11

mrf* : meter row-length



Table 26. Residual and direct effect of treatments on effective tillers
(no./mrl*) of wheat

Treatment 2000-01 2001-02

Residual effect

Anilofos 500 g/ha 93.6 97.5
Pretilachlor 750 g/ha 94.3 97.3
Flufenacet 120 g/ha 93.7 97.2
Hand weeding ‘ 94.4 97.7
Weedy check 93.2 96.9
SEm + 1.45 1.67
CD (P=0.05) NS NS

Direct effect

Sulfosulfuron 25 g/ha 99.5 103.5
Metribuzin 260 g/ha 87.8 94.1
Hand weeding 107.1 108.3
Weedy check 80.8 83.6
SEm + 1.59 1.83
CD (P=0.05) 4.56 5.25

mrl* : meter row-length
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4.2.2.6 Ear length, grain weight per ear and 1000-grain weight

Data on ear length (cm), grain weight per ear (9) and 1000-grain weight
(g) as influenced by different treatments aré given in Table 27.

Ear length, grain weight per ear and 1000-grain weight were effected
due to direct effect of treatments but not of residual effect (rice applied
treatments) in both the years.

Weed control treatments applied to wheat resulted in significantly
higher values of all the yield attributes compared to weedy check. In both the
years, hand weeding recorded significantly higher values for ear length, grain
weight per ear and 1000-grain weight compared to other treatments. Metribuzin
was statistically at par with sulfosuifuron in reépect of ear length but resulted in
significantly higher grain weight per ear compared to the latter. In metribuzin and
~ sulfosuifuron 1000-grain weight was almost alike in 2000-01 but iﬁ the former
significantly higher 1000-grain weight was recorded compared to sulfosulfuron in
2001-2002.
4.2.2.7 Crop yield

Data pertaining to grain and straw yield (kg/ha) and harvest index (%)
as influenced by different treatments are presented in Table 28. Grain and straw
yields are also depicted graphically in Figures 10 and 11, respectively.
4.2.2.7.1 Grain yield: Direct effect of treatments on grain yield was distinguished
but not of residual effect (rice applied treatments) in both the years. All the weed
control treatments applied to wheat resulted in significantly higher increase in
grain vyield compared to weedy check. The yield in hand weeding was

significantly higher compared to other treatments except sulfosulfuron in 2001-



Table 27. Residual effect of treatments on ear length (cm), grain weight per
ear (g) and 1000-grain weight (g) of wheat

Treatment ~2000-01 2001-02
Ear Grain  1000- Ear Grain  1000-
length weight/ grain length weight/ grain
ear weight ear weight

Residual effect
Anilofos 500 g/ha 10.32 2.08 40.08 10.26 2.10 40.58
Pretilachior 750 g/ha 10.24 2.06 40.36 10.14 2.05 4063

Flufenacet 120 g/ha 10.15 2.02 40.28 10.18 2.08 40.70

Hand weeding 10.08 2.08 40.37 10.13 2.08 40.78
Weedy check 10.29 203 4021 10.17 2.04 40.56
SEm + 0.10 0.04 0.22 0.13 0.04 0.23
CD (P=0.05) NS NS NS NS NS- NS
Direct effect

Sulfosulfuron 25 g/ha 10.02 2.00 40.02 10.00 2.04 40.37

Metribuzin 200 g/ha 10.21 212 40.58 1024 213 41.23

Hand weeding 10.76 2.26 41.56 11.00 2.24 41.74
Weedy check 9.85 1.85 38.89 9.47 1.89 39.27
SEm + 0.11 0.04 0.24 0.14 0.03 0.23

CD (P=0.05) - 0.31 0.11 0.69 0.40 0.08 0.66
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02. Among the weed control treatments the lowest yield was recorded in
metribuzin in both the years.

4.2.2.7.3 Straw yield: Treatments applied in rice had no marked effect on straw
yield either in 2000-01 or 2001-02.

In 2000-01, in hand weeding significantly higher straw yield was
recorded compared to other treatments, but in 2001-02, increase in it and
sulfosulfuron was similar but significantly higher compared to rest of the
treatments. Straw yield was similar in metribuzin and in weedy check in both the
years.
4.2.2.7.3 Harvest index: In both the years, harvest index was not affected due to
residual effect but was markedly affected due to direct effect. Metribuzin
recorded highest value of harvest index in both the years. it was at par with hand
weeding but significantly superior to other treatments. The harvest index was
significantly higher in hand weeding compared to sulfosulfuron only in 2001-02
and weedy check in both the years.

4.2.3 Herbicide residues
The residue levels of suifosulfuron and metribuzin (ug/g) in soil initially

& at harvest and in wheat grain are given in Table 29.

Table 29. Herbicide residues (pg/g) in soil initially and at crop harvest and in wheat

grain
Treatment 2000-01 2001-02
Soil Grain Soil Grain
0 day At harvest Oday Atharvest
Sulfosulfuron 25 g/ha 0.080 ND ND 0.088 ND ND
Metribuzin 200 g/ha 0.211 ND ND 0.220 ND ND

ND: Not detectable
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4.2.3.1 Soil

The initial deposits of sulfosulfuron and metribuzin were 0.080 and
0.211 ugl/g, respectively in 2000-01 and 0.088 and 0.220 ug/g, respectively in
2001-02. Both the herbicides were below detectable limits at crop harvest in both
the years.
4.2.3.2 Grain

No detectable residues of sulfosulfuron and metribuzin were found in
grain in both the years.

4.3 Total productivity of cropping system

Data relating to total productivity of cropping system under different
treatments are presented in Table 30.

Weed-croé competition reduced the total grain yield by 45.88%. Hand
weeding both in rice and wheat recorded highest grain and straw yield compared
to other treafment combinations. It resulted in 84.78% and 68.49% increase in
grain and straw yi‘eld, respectively over weedy check. Hand weeding followed by
suifosulfuron and flufenacet followed by hand weeding were the next best
treatment combinations resﬁlting in 78.19 to 78.77% increase in grain yield
compared to weedy check.

4.4 Economics of weed control
4.4.1 Rice

Economics of rice cultivation was calculated taking pooled yield (grain
and straw) and is presented in Table 31.

Net return was higher in hand weeding followed by flufenacet and

anilofos. However, additional return per rupee invested on weed control was
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higher in flufenacet. It was 2 and 5 times higher over pretilachlor and hand
weeding, respectively. Additional return per rupee invested on weed control was
lower in hand weeding compared to herbicides.

4.4.2 Wheat

Data pertaining to economics of weed control as influenced by different
weed control treatments are presented in Table 32. |

Net return and additional return per rupee invested on weed control
were higher in hand weeding and it proved most economical compared to
herbicides. Net return was higher‘ in sulfosulfuron compared to metribuzin.
However, additional return per rupee invested on weed control was lower in
sulfosulfuron compared to other treatments.

44.3 Cropping system

Data pertaining to economics of weed control under different treatments
in rice-wheat cropping system are presented in Table 33.

Net return was higher under the treatment combination hand weeding in
both rice and wheat (Ts;W3). Next profitable combinations were flufenacet + hand
weeding (T3W3), hand weeding + sulfosulfuron (T,W;) and anilofos + hand
weeding (T1Ws). However, net return per rupee invested was higher in flufenacet

+ hand weeding (T3Ws) and flufenacet + metribuzin (T3W53).
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DISCUSSION

Present investigation was carried out to study the direct and residual effect
of herbicides in a rice-wheat cropping system. The experiment was conducted
during kharif and rabi seasons of 2000-01 and 2001-02 at the farm of the Indian
Agricuitural Research Institute, New Delhi. The experiment with rice was
conducted involving thrée herbicides (anilofos at 500 g/ha, pretilachlor at 750
g/ha and flufenacet at 120 g/ha) aldng with hand weeding (20 "and 40 DAT) and |
weedy check. Four treatments viz., sulfosulfuron at 25 g/ha, metribuzin at 200
g/ha, hand weeding (30 and 45 DAS) and weedy check were applied to wheat.
The experiment was laid out in an extended group design.

In this chapter an ernest attempt has been made to discuss the reasons
which may be responsibie for some of the impbrtant results. As the yield is the
final criterion for the evaluation of the efficiency of different treatments, the
discussion, therefore, is necessarily centered around the effect of treatments on
various characters as they finally modify the yield.

The direct and residual effect of herbicides was assessed in terms of the
effect of treatments on weed population and dry matter accumulation.
Comparison of the effects of herbicides on crop growth, dry matter accumulation,
yield attributes and final grain yield with that of manual weeding provides a
reliable measure of the selectivity as well as efficacy of herbicides. The results
obtained and presented in previous chapter are discussed in brief in the following

pages to derive valid conclusions.
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51 Rice
5.1.1 Weed flora

The predominant grass weeds that occurred in the field were Echinochloa
crusgalli and Echinochloa colona. Chander and Pandey (2001) and Gopinath and
Pandey (2002) also reported preponderance of these two weed species in rice
field. Among broadleaf weeds, Eclipta alba and Oxalis corniculata were

prevalent. Singh et al. (1997b) and Pandey (2002b) aiso observed the

dominance of E. alba. .
5.1.2 Weed populatioﬁ

Weed control treatments bfought about significant reduction in weed
population compared to weedy check. In general, flufenacet gave excellent
control of two dominant weed species Echinochloa crusgalli and Echinochloa
colona, thereby recorded lower number of grass weeds. Deege et al. (1995) also
found excellent control of grasses and sedges with flufenacet. However, in
flufenacet significantly higher population of broadleaf weeds was recorded
compared to anilofos and hand weeding. Similar was the finding of Deege et al.
(1995). Comparatively higher number of grass weeds in hand weeding may be
attributed to improper weeding due to failure of labourers to distinguish these
weeds owing to their morphological similarity to rice plants and recurrence of
regrowth and lower number of broadleaf weeds compared to other treatments
due to their effective control. Prasad et al. (2001) found two hand weedings more
efficient than herbicides in reducing weed growth in rice.

In general, pretilachlor was least effective among the weed control

treatments both against grass and broadleaf weeds. Poor efficacy of pretilachior
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against weeds particularly broadleaf weeds was reported earlier by Phogat and

Pandey (1998).
5.1.3 Dry matter accumulation by weeds

All the weed control treatments resuited in significantly lower dry matter
accumulation by weeds (Table 6). In both the years, hand weeding effected
significant decrease compared to all other treatments, despite the number of
weeds being almost similar in it to that of flufenacet and anilofos. This may be
ascribed to presence of very small and thin young weeds, which may have
emerged after weeding. The findinés of Chander and Pandey (2001) and Prasad
et al. (2001) was similar. Flufenacet was the next most effective treatment closely
followed by anilofos in arresting dry matter accumulation by weeds. These
herbicides killed germinating weed seeds and arrested the growth of germinated
weeds, thereby resulting in lower dry matter accumulation by weeds. Gopinath
and Pandey k2002) also found significant reduction in dry matter accumulation by
weeds with flufenacet and it was comparable to butachior and anilofos. Similar
were the findings of Rekha ef al. (2002.)
5.1.4 Weed index and weed control efficiency

Weed index (62.6%) and weed control efficiency (82.65-93.29%) were
highest of hand weeding. Sharma and Roy (1987), Chander and Pandey (2001)
and Prasad et al. (2001) also found hand weeding the most effective in arresting
dry matter accumulation by weeds thereby resulting in higher weed control
efficiency compared to herbicides. Flufenacet was the next best treatment which
registered marginally higher weed index and weed control efficiency compared to

anilofos.
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5.1.5 Growth and development of rice

At 30 days stage, in both anilofos and hand weeding plants were of similar
height but significantly taller than the plants in flufenacet and pretilachlor
(Table 9). Lower height of plants in flufenacet may be attributed to its phytotoxic
effect for a fortnight.

At 60 days and at harvest stages, hand wéeding registered significantly
higher plant height compared to other treatments. The increase \;vas'due to
decreased weed-crop competition and concomitant better utilization of growth
factors by the crop. Lower height of plants in pretilachlor and weedy check may
be attributed to severe weed-crop competition and deleterious effect of weeds on
crop. |

At 30 days stagé, in hand weeding lower dry matter accumuiation
compared to herbicide treatments and lower number of tillers compared to
anilofos and.ﬂufenacet were recorded. This may be ascribed to initial setback to
“crop due to severe competition owing to vigorous weed growth till their removal.
At later stages (60 DAT and at harvest), however, higher dry matter accumulation
and higher nufnber of tillers were recorded in hand weeding due to better crop
growth environment owing to elimination of competition due to removal of weeds
at early stages. Similar were the findings of Gopinath and Pandey (2002).

5.1.6 Yield attributes

Weed control treatments brought about marked increase in panicles per
hill, panicle length, grain weight per panicle and 1000-grain weight both in 2000
and 2001 (Table 12). In general, hand weeding registered higher values for all

the yield attributes followed by flufenacet and anilofos. These results indicate that
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improvement in yield attributes occur when weeds are controlled in the early
stages of crop growth either by chemical means or manually, which scale down
competition resulting in congenial environment for better crop growth. Significant
increase in the yield attributes due to effective control of weeds was reported by
Gogoi (1997), Nandali et al. (1999b) and Rajkhowa et al. (2001).

5.1.7 Grain and straw yield

Weed control treatments caused significant increase in grain and straw
yield (Table 14). In both the years, hand weeding recorded higher yield and
proved statistically superior to all other treatments. On an average, the grain yield
increase in hand weeding was 167.27% over weedy check. Superiority of hand
weeding may be ascribed to lower weed population (Tabies 3,4 and 5) and dry
matter accumulation by weeds (Table 6) at critical growth stages owing to their
removal that facilitated better crop growth, thereby resulting in improvement in
yield attributés and crop yield. Similar were the findings of Chander and Pandey
(2001), Prasad et al. (2001) and Pandey (2002b). Whereas, Nandal et al.
(1999b) and Rekha (2002) found hand weeding statistically similar to anilofos
and butachlor in increasing grain yield.

Flufenacet and anilofos brought about identical increase in grain and straw
~vield and proved significantly superior to pretilachlor. On an average, the grain
yield increase in flufenacet and anilofos was 149.86% and 143.31%, respectively
compared to weedy check. Lower increase in yield in pretilachlor may be
attributed to its poor efficacy both against grass and broadieaf weeds and

marginal increase in crop growth and yield attributes. These results are in
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accordance with the findings of Gill et al. (1991), Gogoi (1997) and Gopinath and
Pandey (2002).

Lower yield in weedy check was due to severe weed-crop competition that
resulted in poor growth, development and poor expression of yield attributes
particularly number of panicles per hill and grain weight per panicle. The grain
yield was lower by 62.58% due to unchecked weed growth. Similar rpduction in
yield was reported by Nandal et al. (1999b), Singh et al. (1999b) and Singh et al.
(2002b).

Weed control treatments resulted in significant increase in harvest index
compared to weedy check. The highest index was of flufenacet followed by
anilofos and hand weeding.

5.1.8 Herbicide residues in soil and rice grain

Initial deposits of anilofos at 500 g/ha, pretilachlor at 750 g/ha and
flufenacet at'120 g/ha in soil ranged between 0.691 to 0.703, 0.928 to 0.932 and
0.114 to 0.106 pg/g, res;;ectively (Table 15). At harvest, however, all the
herbicides were below detectable limits both in soil and grain in both the years.
This finding is in accordance with the finding of Jayakumar and Sankaran (1995),
Radhamani et al. (1997) and Rouchaud et al. (1998). Fajardo et al. (2000)
observed leaching and faster degradation of pretilachlor and mefenacet in
reductive soil layer (1 to 10 cm) of paddy.

5.2 Wheat
5.2.1 Weed flora
The predominant grass weeds that occurred in the field were Phalaris

minor and Avena ludoviciana. Preponderance of these two weed species in
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wheat field were earlier reported by Das and Yaduraju (2002) and Pandey et al.
(2002a). Among broadleaf weeds, Coronopus didymus, Melilotus indica and
Ruméx sp. were prevalent. Singh et al. (1999d) and Pandey (2002a) also
observed the dominance of these three weed speciés in wheat grown after rice.
5.2.2 Weed population

The residual effect of treatments (applied to rice) was not well pronounced
on weed population in succeeding wheat except on broadleaf weeds at 60 days
stage in 2000-01. Mishra and Singh (1992) and Singh and Vaishya (1994) did not
find any effect of herbicides applied to rice on weeds in succeeding wheat.

The direct effect of weed control treatments was well marked on weed
population in both the years. Metribuzin was the most potent and caused
significant decreaseiin the population of both grass and broadleaf weeds. It killed
all the broadieaf weéds and completely ceased the growth of both Phalaris minor
and Avena )udoviciana. The latter first turned yellow and gradually died after
about 20 days. Similar was the finding of Pandey (2002a). In hand weeding at
initial stages significantly higher grass weed population was recorded compared
to sulfosulfuron while significantly lower number of broadleaf weeds were
recorded in the latter treatment compared to the former. Higher number of grass
weeds in hand weeding may be due to failure of the labour to clearly distinguish
between wheat and grass weeds owing to their morphological similarity.
Ineffectiveness of sulfosulfuron against broadieaf weeds has earlier been

reported by Pandey (1999) and Sharma et al. (1999).
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5.2.3 Dry matter accumulation by weeds

Dry matter accumulation by weeds was not affected due to residual effect
of preceding treatments (applied to rice). This may be attributed to non-
persistence of herbicides in soil beyond rice harvest (Table 15). Similar was the
finding of Singh and Vaishya (1994). They propounded similar reasons.

Direct effect of treatments was well pronounced. All the weed control
treatments (applied to wheat) significantly iowered the dry matter accumulation
by weeds compared to weedy check. Lower dry matter accumulation by weeds
in metribuzin was due to effective control of weeds (Table 16, 17 and 18). This
paralyses the vital metabolic processes of emerged weeds viz. photosynthesis,
cell division etc. and causes their death. Higher efficacy of metribuzin in arresting
the dry matter accumulation by weeds was reported earlier by Chauhan et al.
(1998), Das and Yaduraju (2002) and Pandey et al. (2002a).

Hand.weeding gave better control than sulfosulfuron owing to effective
removal of weeds at critical periods that resulted in lower population and
consequently lower dry matter accumulation. Singh and Saha (2001), Das and
Kuishrestha (2002) and Pandey et al. (2002b) also found hand weeding more
effective in arresting the dry matter accumulation by weeds.

5.2.4 Weed index and weed control efficiency

The higher weed index was of hand weeding (25.42%) closely followed by
sulfosulfuron (20.2%). Lower weed index was of metribuzin, despite most
effective control of weeds. It may be due to its adverse effect on crop growth,

development and grain yield (Table 28).
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Weed control efficiency of metribuzin was higher than hand weeding
(Table 21). It may be ascribed to marked reduction in weed number and dry
matter accumulation in metribuzin at all stages of crop growth. Similar higher
weed control efficiency of metribuzin has been reported by Chauhan et al.
(1998), Balyan et al. (1999) and Sardana et al. (2001). Lower weed control
efficiency of sulfosulfuron compared to hand weeding was reported earlier by
Pandey (1999) and Das and Kulshrestha (2002).

- 5.2.5 Growth and development of wheat

Residual effect of treatments (applied to rice) was not noticeable on any‘
growth parameters like plant population, plant height, dry matter accumulation
and number of tillers at any stage either in 2000-01 or in 2001-02. Similar results
were reported by number of researchers (Nandal and Singh, 1994a and 1994b;
Veerabadran et al., 1994; Balasubramaniam et al., 1999; Janardhan ef al., 1999).

Direcf effect of treatments on plant height and dry matter accumulation
was distinguished in both the years (Tables 23 and 24). Hand weeding effected
remarkable increase in plant height and dry matter accumulation compared to
other treatments particularly at initial stages. This increase may be due to better
crop growth environment created owing to removal of weeds at critical period and
concomitantly better utilization of growth factors. Similar increase in plant height
and dry matter accumuiation in hand weeding was reported by Balyan and Singh
(2000) and Pandey et al. (2002a and 2002b).

Sulfosulfuron caused slight but temporary growth retardation to wheat aﬁd
significantly lowered plant height and dry matter accumulation compared to hand

weeding at 60 days stage in both the years. The findings of Shukla (1998) and
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Balyan and Singh (2001) were similar but Das and Kulshrestha (2002) did not
observe any adverse effect of suifosulfuron on the wheat crop even at 75 g/ha.

At 60 days stage in both the yeérs, metribuzin recorded significantly lower
plant height and dry matter accumulation compared to other treatments. This was
due to the fact that metribuzin at this dose (200 g/ha) had severe phytotoxic
effect on wheat in initial stages. The phytotoxicity resulted in the yellowing of
leaves, stunting of crop plants and reduction in the crop density. The crop could
not recover fully from adverse effect up to 30 days after spray. Walia et al. (2001)
observed adverse effect of metribuzin after 131 g/ha. Similar were the findings of
Singh et al. (1998b) and Pandey (2002a).

Hand weeding effected remarkable increase in number of tillers compared
to herbicides (Table 25). This was due to elimination of weeds at critical growth
period and congenial environment created for better crop growth. Pandey
(2002a) fouﬁd increase in number of tillers with two hand weedings.
Sulfosulfuron and metribuzin reduced the tillering to an extent of 9.77% and
30.04%, respectively compared to hand weeding. Similar adverse effect of these
herbicides on tillering was observed by Balyan and Panwar (1998) and Balyan
(1999).

5.2.6 Yield attributes

The preceding treatments (applied to rice) had no marked effect on
effective tillers (ear bearing tillers), ear length, grain weight per ear and 1000-
grain weight (Tables 26 and 27).

The direct effect of weed control treatments (applied to wheat) was

evident on all the yield attributes. In general, hand weeding favoured higher



78

increase in number of effective tillers, ear lengttt, grain weight per ear and 1000-
grain weight. This may be attributed to favourable crop growth environment
provided owing to elimination of competition at early stages thereby enabling the
crop plants to utilize the water, nutrients and light resources in a better way. The
findings of Pandey (2002a) and Pandey et al. (2002a) were similar. They
propounded similar reasons for such an increase. Significantly lower number of
effective tillers was recorded in metribuzin compared to sulfosulfuron. This was
due to adverse effect of metribuzin on crop growth and develop.ment, despite
excellent control of dominant weeds. In contrast, metribuzin recorded
comparatively higher values for ear length, grain weight per ear and 1000-grain
weight compared to sulfosulfuron. Drastic reduction in crop density in metribuzin
might have reduced the competition among the crop plants resulting in higher
availability of growth factors for the improvement of yield attributes.

Crop—tNeed competition in weedy check brought about significant reduction
in number of effective tillers, ear length, grain weight per ear and 1000-grain
weight. Lower values for the yield attributes in weedy check were also recorded
by Kumar et al. (2000), Sardana (2001b), Das and Yaduraju (2002) and Pandey
(2002b).

5.2.7 Grain and straw yield

The treatments applied in rice had no marked eftect on grain and straw
yield and harvest index either in 2000-01 or 2001-02 (Table 28). Nandal and |
Singh (1994a and 1994b) did not find any effect of anilofos and pretilachlor

applied to rice on the yield of succeeding wheat.
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Direct effect of weed control treatments resulted in marked improvement
in grain and straw yield in both the years (Table 28). Hand weeding caused
highest inérease in yield which was significantly superior to all other treatments
except sulfosulfuron in 2001-02. This may be attributed to drastic decrease in
weed population and dry matter accumulation, thereby better crop growth,
increased productive tillers and yield attributes. Similar results were earlier
reported by Singh and Singh (1996), Singh and Saha (2001) and Pandey et al.
(2002a). On an average the grain ‘yield increase in hand weeding was 34.09%
over weedy check. The magnitude of yield increase caused by sulfosulfuron and
metribuzin was 25.38% and 14.19%, respectively over weedy check. Lower yield
in metribuzin may be assigned to its detrimental effect on crop growth (Tables 23
and 24)) and effective tillers (Table 26), despite excellent control of the dominant
weeds. Similar were the findings of Sardana ef al. (2001), Singh et al. (2001a)
and Pandey>(2002a). In contrast, Balyan (1999) found metribuzin at 200 and 300
g/ha equivalent to weed free treatment in respect to grain yield.

Lower yield in weedy check was due to severe weed competition that
resuited in poor crop growth and development and poor expression of yield
attributes. The grain yield reduction was 25.42% due to unchecked weed growth.
Similar were the findings of Nanda and Patro (1996), Brar et al. (1999), Das and
Kulshrestha (2002) and Mishra et al. (2002). They observed yield loss variation
due to weed infestation between 20 to 51% and ascribed the reason of such loss
to low nutrient availability and poor crop expression in presence of weeds.

All the weed control treatments imposed in wheat brought about

remarkable improvement in harvest index compared to weedy check. Metribuzin
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recorded highest harvest index followed by hand weeding. Higher harvest index
of metribuzin may be attributed to its detrimental effect on straw yield than on
grain yield. Similar results were reported by Pandey et al. (2002a).
5.2.8 Herbicide residues in soil and wheat grain

Initial deposits of sulfosulfuron at 25 g/ha and metribuzin at 200 g/ha in
soil ranged between 0.080 to 0.088 and 0.211 to 0.220 pg/g, respectively (Table
29). At harvest, however, both the herbicides were below detectable limifs both in
soil and grain in both the vyears. Similar were the findings of Keller and Weber
(1995) and Dubey et al. (1998).
5.3 Total productivity of cropping system

- Hand weeding both in rice and wheat resulted in highest total productivity

compared to rest of the treatment combinations (Table 30). This was due to
production of higher grain and straw yield by the crops in this treatment
combination (Tables 14 and 28) owing to lower éompetition due to better control
of weeds. It resuited in 84.78% and 68.49% increase in grain and straw yield,
respectively over weedy check. Hand weeding + sulfosulfuron (TsW;) and
flufenacet + hand weeding (T3WS5) were the next best treatment combinations in
improving total productivity. Unchecked weed growth in both crops severely
affected the total productivity resulting in 45.88% reduction in grain yield.
5.4 Economics of weed control

In rice, net return was highest in hand weeding followed by flufenacet and
anilofos. Tomar (1991) also found hand weeding (twice) as the most cost
effective treatment and pretilachlor the least in transplanted rice. However,

additional return per rupee invested on weed control was highest in flufenacet.
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This was due to its low cost, excellent weed control and higher crop vyield
recorded in this treatment.

In wheat, hand weeding was most economical from the view point of net
return per hectare and additional return per rupee invested on weed control.
Singh and Saha (2001) reported similar results. Additional return per rupee
invested on weed control was lowest in sulfosulfuron due to very high cost of the
herbicide. ]

Hand weeding in both crops gave highest net income over other treatment -
combinations. This was due to rémoval of weeds at critical growth periods that
facilitated better crop growth, improvement in yield attributes and highest yield.
Similar findings were earlier reported by Sharma and Roy (1987) and Mandal
(1991). However, net return per rupee invested was higher in flufenacet + hand

weeding (TsW5;). This was due to low cost involved and higher total productivity

which were comparable with hand weeding in both crops.



SUMMARY AND CONCLUSIONS

An experiment entitled “Direct and residual effect of herbicides in a
rice-wheat cropping system” was conducted during kharif and rabi seasons of
2000-01 and 2001-02 at the farm of the Indian Agricultural Research Institute,
New Delhi. The experiment with rice (kharif) was conducted involving five weed
control treatments viz., anilofos at 500 g/ha, pretilachlor at 750 g/ha, flufenacet at
120 g/ha, hand weeding (20 and 40 DAR) and weedy check. Four tréatments
viz., sulfosulfuron at 25 g/ha, metribuzin at 200 g/ha, hand weeding (30 and 45
DAS) and weedy check were applied to wheat. The experiment was laid out in an
extended group design.

The main objectives were: (i) to study the direct and residual effect of

herbicides on crops: and weeds, (ii) to study the persistence of herbicides in soil
| and crop, and (iii) to suggest economically viable weed control measures for rice-
wheat cropping system.

The soil of the experimental field was sandy clay loam and slightly alkaline
in reaction. It was medium .in organic carbon, available phosphorus and
potassium.

Observations on weeds were recorded on population and dry matter
accumulation at three stages. Observations recorded on crop included growth
components (plant height, dry matter accumulation and number of tillers), yield
attributes (effective tillers, panicle or ear length, grain weight per panicle or ear
and 1000-grain weight) and yield (grain and straw yields). Laboratory analysis
was undertaken to study the persistence of herbicides in soil and crop. The

salient findings originated from this investigation are briefly summarized below:
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Rice
In rice, both grass and broadleaf weeds occurred in the field. Echinochloa
crusgalli and Echinochloa colona among the grasses and Eclipta alba and
Oxalis corniculata among broadleaf weeds were dominant.
Weed control treatments effected significant decrease in weed population.
Hand weeding gave better control of both grass and broadieaf weeds.
Flufenacet gave excellent control of Echinochloa crusgalli, Echinochloa
colona and other grass 'weeds but proved less effective against broadleaf
weeds. Pretilachlor was the least effective treatment both againat grain
and broadleaf weeds.
Hand weeding effected significantly higher decrease in dry matter
accumulation by weeds. Flufenacet was the next most effective treatment
closely followed by anilofos.
The weed index and weed control efficiency of hand weeding were the
highest while that of pretilachlor the lowest. The values for these
parameters of flufenacet and anilofos were identical.
Weed control measures brought about significant improvement in growth
components of rice viz., plant height, dry matter accumulation and number
of tillers compared to weedy check. In general, hand weeding was the
most effective treatment in augmenting these components. Fiufenacet was
the next beét treatment.
Weed control treatments effected significant increase in all the vyield
attributes over weedy check. In general, hand weeding registered highef
values for all the yield attributes followed by flufenacet and aniiofos.
Hand weeding registereﬁd highest grain and straw yield in both tHe years

and proved significantly superior to other treatments. Flufenacet and
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anilofos recorded identical increase in grain and straw yield and proved
statistically superior to pretilachlor.

Weed control treatments resulted in significant increase in harvest index
compared to weedy check. It was highest with flufenacet followed by
anilofos and hand weeding.

All the herbicides applied in rice were below detectable level in soil and
grain at harvest of the crop.

Wheat

In both the years, grass (72.5%) and broadleaf (27.5%) weeds occurred in
wheat field. Phalaris minor, -Avena ludoviciana and Poa annua am:mg
grasses and Coronopus didymus, Melilotus indica and Rumex sp. among
broadleaf weeds were dominant.

Residual effect of treatments applied to rice was not well pronounced on
weed population and dry matter accumulation in succeeding wheat at any
growth stages in both the years. However, at 60 days stage in 2000-01,
significantly lower population of broadleaf weeds was recorded in hand
weeding compared to weedy check.

Weed control treatments (direct effect) caused significant reduction in
weed population and dry matter accumulation by weeds. Metribuzin was
the most effective against both grass and broadleaf weeds and proved
statistically superior to hand weeding and sulfosulfuron. Hand weeding
was the next best treatment. Sulfosulfuron brought down the population of
grasses but was less effective against broadleaf weeds.

Weed index of hand weeding was highest followed by sulfosulfuron.

However, weed control efficiency of metribuzin was higher compared to
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hand weeding and sulfosulfuron. Hand weeding was the next most

effective treatment.

Residual effect (rice applied treatments) was not noticeable on any growth
parameters of wheat such as plant population, plant height, dry matter
accumulation and number of tillers at ahy stage either in 2000-01 or 2001-
02.

Hand weeding in wheat resulted in remarkable increase in all the growth
components of wheat. Sulfosulfuron caused slight but temporary growth
retardation to wheat. However, metribuzin had severe phytotoxic effect on
wheat resulting in significantly lower plant height, dry matter accumulat.ion
and number of tillers compared to hand weeding and sulfosulfuron.

Yield attributes of wheat were not affected appreciably due to residual
effect (rice applied treatments) in both the years.

Direct effect of treatments (applied to wheat) was visible on yield attributes
of wheat. In general, hand weeding favoured higher increase in number of
effective tillers, ear length, grain weight per ear and 1000-grain weight.
Metribuzin was the next best treatment in improving all the yield attributes
except number of effective tillers.

Grain and straw yield and harvest index of wheat were not affected
significantly by residual effect of preceding rice applied treatments.

Weed control treatments applied to wheat resulted in significant increase
in grain and straw yield of wheat compared to weedy check. The grain
yield in hand weeding was markedly higher compared to other treatments
except sulfosulfuron in 2001-02. Metribuzin recorded significantly lower
grain and straw yield cqmpared to other two weed control treatments. On

an average, the grain yield increase with hand weeding, sulfosulfuron and
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metribuzin were 34.09%, 25.38% and 14.19%, respectively over weedy
check.

Metribuzin recorded higher value of harvest index in both the years. This
treatment was at par with hand weeding but significantly superior to other
treatments.

The residues of sulfosulfuron and metribuzin were at non-detectable levels
in soil and grain at harvest of the crop.

Total productivity of cropping system

Hand weeding in both rice and wheat caused higher increase in total

productivity of cropping system compared to other treatment combinations. Hand

weeding + sulfosulfuron (T4sW,) and flufenacet + hand weeding (T:W-) were the

next best treatment combinations in augmenting productivity of cropping system.

6.4
i)

(i)

(iii)

Economics df weed control

In rice, net refurn was higher in hand weeding while additional return per
rupee invested on weed control was higher in flufenacet.

In wheat, net return and additional return per rupee invested on weed
control were higher in hand weeding and it proved economical compared
to herbicide treatments.

In rice-wheat cropping system, net return was higher in hand weeding in
both crops (T4Ws). However, net return per rupee invested was higher in

flufenacet + hand weeding (T3Ws3) and flufenacet + metribuzin (TsW5).
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Conclusions

Based on the results of the present investigations, the following

conclusions may be drawn:

()

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

Hand weeding gave effective control of both grass and broadleaf weeds.
Flufenacet effectively controlied grass weeds but was less effective
against broadleaf weeds. Pretilachlor gave poor control of weeds.
Herbicides had no adverse effect on growth and developmeﬁt of rice.
Flufenacet had slight but temporary phytotoxic effect on rice.

Hand weeding resulted in the higher increase in yield of rice. Flufenacet:
was the next best treatment followed by anilofos. "
Herbicides applied in the preceding rice had no apparent residual effect on
the weed popuiation, dry matter accumulation and yield of succeeding
wheat.

Hand weeding and metribuzin gave effective control of both grass and
broadleaf weeds in wheat. Sulfosulfuron effectively controlied grass weeds
but proved ineffective against broadleaf weeds.

Metribuzin adversely affected growth and yieid of wheat. Sulfosuifuron had
temporary phytotoxic effect on wheat.

Hand weeding improved growth and development, yield attributes and
boosted up yield of wheat. Sulfosulfuron was the next best treatment.
Residues of all the herbicides were below detectable limits in soil at crop
harvest and in grain of both the crops. |

Hand weeding in both crops resulted in higher net return per hectare bth
net return per rupee invested was higher in flufenacet + hand weeding and

flufenacet + metribuzin,
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Appendix |

Mean weekly meteorological data

Standard week Temperature (°C) Relative humidity Total Sunshine Evaporation
Max. Min. Max. Min. rainfall  hours/day  (mm/day)
(mm)

Kharif and rabi, 2000-01

June 23 32.8 247 82 67 35.0 55 5.6
24 37.4 27.0 67 41 154 46 6.2
25 37.9 27.2 78 48 0.6 6.3 6.8
26 37.4 282 65 58 56.7 1.5 ., 59
July 27 35.0 27.1 82 61 66.2 5.7 5.1
28 33.5 26.7 87 71 1.7 3.5 5.0
29 32.0 253 92 79 104.2 2.8 3.4
30 32.0 25.8 87 69 36.7 2.8 3.3
Aug. 31 329 26.5 75 53 53.0 3.8 4.7
32 35.1 37.5 73 64 1.0 5.1 46
33 33.1 26.1 83 73 70.5 4.8 3.6
34 -33.1 256 90 74 150.2 3.5 34
Sept. 35 34.2 26.2 85 62 47.9 2.8 3.5
36 345 . 247 79 67 23.0 14 4.4
37 341 25.2 78 56 5.0 7.6 5.7
38 34.4 22.8 80 54 - 8.4 49
39 © 336 20.8 78 54 1.8 8.0 42
Oct. 40 347 222 85 59 - 8.2 5.2
41 350 ° 165 77 40 - 5.5 45
42 35.0 18.5 81 35 - 6.2 4.9
43 32.8 15.2 . 86 52 - 6.4 4.0
44 273 15.6 88 44 - 6.4 3.8
Nov. 45 32.1 14.2 86 35 - 71 3.5
46 29.8 11.8 78 33 - 6.3 3.3
47 276 13.0 92 51 - 23 23
48 241 7.0 84 41 0.8 4.2 27
Dec. 49 24.9 5.0 82 35 - 7.0 3.5
50 23.7 5.8 84 37 - 5.7 3.0
51 247 7.9 88 39 - 5.0 3.1
52 22.3 5.4 89 42 4.0 4.1 1.9



Appendix | (contd...... )

Standard week Temperature (°C) Relative humidity Total Sunshine Evaporation
Max. Min. Max. Min. rainfall  hours/day  (mm/day)
(mmy)

Jan. 1 15.5 7.7 93 72 188 1.8 1.7

2 16.1 3.2 92 57 0.0 37 1.4

3 18.4 2.8 89 4.2 0.0 4.9 ' 1.8

4 21.0 7.2 75 44 - 5.4 2.8

5 23.0 6.1 78 36 - 7.0 3.4

Feb. 6 23.4 7.6 79 30 - 7.9 4.1

7 247 7.8 80 47 - 4.0 , 28

8 26.9 12.1 89 45 12.0 5.1 4.0

9 256 9.5 83 38 - 5.9 3.9

March 10 277 9.0 78 30 - 8.4 45

11 21.5 14.2 65 34 - 7.5 6.5

12 307 14.6 72 37 - 7.2 5.9

13 314 15.6 78 42 3.0 7.2 5.1

April 14 33.0 15.6 73 40. - 9.1 6.2

15 36.6 20.7 62 32 48 6.1 6.9

16 36.4 240 71 47 30.8 48 6.9

17 38.5 255 60 30 6.6 7.2 8.2
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Standard week Temperature (°C) Relative humidity Total Sunshine Evaporation
Max. Min. Max. Min. rainfall  hours/day (mm/day)
' (mm)

Kharif and rabi, 2001-02

June 23 36.0 24.0 78 50 50.8 7.0 6.8
24 34.1 23.5 83 59 61.5 6.4 5.3
25 35.3 27.8 73 68 51.2 6.9 56
26 35.0 26.7 80 58 3.8 5.5 , 64
July 27 33.3 26.0 88 65 38.7 5.1 42
28 34.5 27.9 80 70 60.6 6.9 46
29 33.0 26.9 90 74 632 25 34
30 336 26.8 90 74 28.4 49 35
Aug. 31 34.1 26.6 79 59 7.2 6.1 5.6
32 342 26.8 88 70 51.2 6.3 4.0
33 32.9 26.3 87 74 49.8 5.0 3,8
34 34.9 26.8 74 57 1.8 8.6 6.4
Sept. 35 36.2 27.2 68 54 - 8.4 7.1
36 352 252 75 53 77.0 7.8 6.0
37 35.4 25.1 69 47 - 04 8.5 6.2
38 35.1 21.9 70 30 - 9.2 71
39 36.2 21.5 66 37 - 9.0 6.2
Oct. 40 327 22.9 88 51 18.2 6.1 43
41 34.3 17.3 74 40 - 7.4 3.5
42 332 15.2 76 26 - 6.7 3.9
43 337 17.7 83 28 - 5.9 3.1
44 34.4 16.9 72 29 - 6.5 3.2
Nov. 45 29.3 12.7 77 32 0.5 6.3 3.2
46 28.6 10.4 82 29 - 9.7 2.7
47 27.6 9.2 76 26 - 6.4 25
48 257 8.8 77 29 - 53 2.2
Dec. 49 26.1 8.5 79 27 0.0 6.4 25
50 226 9.8 88 50 0.0 45 2.1
59 218 7.3 91 39 0.0 56 24
52 22.8 6.3 109 59 0.0 3.5 1.9
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Standard week

Temperature (°C)

Relative humidity Total Sunshine Evaporation
Max. Min. Max. Min. rainfall  hours/day (mm/day)
(mm)

Jan. 1 19.1 3.0 93 48 - 3.1 1.6
2 21.3 8.7 88 46 - 46 1.9

3 18.2 8.9 87 67 5.6 1.6 1.9

4 19.7 6.9 83 52 - 52 28

5 20.3 3.7 85 34 - 6.2 249

Feb. 6 20.8 6.8 83 54 8.4 5.9 25
7 21.4 8.5 90 48 4.8 4.3 2.6

8 27.2 1.7 75 38 1.0 48 386

9 23.9 11.8 82 55 - 55 3.4

March 10 27.0 12.0 72 32 - 9.0 46
11 291 12.0 <72 28 - 8.5 5.3

12 33.8 13.4 72 30 - 9.1 6.3

13 33.9 16.9 61 25 - 9.4 6.0

April 14 35.9 17.7 52 28 - 71 6.5
15 36.5 19.0 53 27 - 8.6 7.3

16 40.6 249 42.8 202 - 8.6 8.0

17 40.0 242 57 26 - 8.5 7.0




Appendix ll. Schedule of field operations during the crop season

Operation Date
2000-01 2001-02
A. Rice
(a) Nursery
(i) Preparation of nursery bed 22.06.2000 18.06.2001
(i) Sowing 23.06.2000 20.06.2001
(i) Weeding and N dressing 08.07.2000 05.07.2001
(b) Main field
(i) Ploughing 08.07.2000 05.07.2001
(i) Puddling 16.07.2000 15.07.2001
(iii) Layout of the experiment and bunding 18.07.2000 16.07.2001
(iv) Fertilizer application 19.07.2000 17.07.2001
(v) Transplanting 19.07.2000 17.07.2001
(vi) Gap filling 22.07.2000 19.07.2001
(vii) Herbicide application 22.07.2000 20.07.2001
(viii) Hand weeding - First 08.08.2000 06.08.2001
- Second 28.08.2000 26.08.2001
(ix) Insecticide spraying 18.08.2000 22.08.2001
(x) Top dressing of fertilizer 28.08.2000 26.08.2001
(xi) Harvesting 03.11.2000 02.11.2001
B. Wheat
(i) Field preparation 28.11.2000 03.12.2001
(i) Layout of the experlment 30.11.2000 05.12.2001
(iii) Fertilizer application 01.12.2000 06.12.2001
(iv) Sowing 01.12.2000 06.12.2001
(v) Gap filling and thinning 12.12.2000 20.12.2001
(vi) Herbicide application 05.01.2001 10.01.2002
(vii) Hand weeding — First 31.12.2000 05.01.2002
— Second 15.01.2001 20.01.2002
(viii) Top dressing — First 31.12.2000 05.01.2002
— Second 30.01.2001 04.02.2002
(ix) Harvesting 04.04.2001 06.04.2002




Appendix lll. Cost of cultivation of rice

Particulars input Rate Total cost
(per ha)* (Rs) (Rs/ha)* -
A. Raising of nursery (1000 m?
1. Land preparation
(iy Ploughing 1 tractor-hr 70/hr 70.00
(i) Puddling 1 tractor-hr 70/hr 70.00
(iif) Preparation of beds 2 man-days 65/man-day 130.00
2. Seed and sowing
(i) Seed (Pusa 44) 40 kg 13/kg 520.00
(i) Sowing 2 man-days 65/man-day 130.00
3. Fertilizers and their application
(i) Urea 30 kg 4.6/kg 138.00
(i) Single superphosphate 18 kg 3.2/kg 58.00
(iif) Muriate of potash 6 kg 4.2/kg 25.00
(iv) Fertilizer application 1 man-day 65/man-day 65.00
4.Hand weeding 1 man-day 65/man-day 65.00
5. Irrigation and cost of application 3 times 200/irrigation/ ha  60.00
1 man-day 65/man-day 65.00
6. Rental value of field 2 months 3000/halyr 50.00
B. Main field
1. Land preparation
(i) Ploughing 8 tractor-hrs ~ 70/hr 560.00
(i) Puddling and planking 5 tractor-hrs  70/hr 350.00
(i) Bunding 4 man-days 65/man-day 260.00
2. Uprooting seedlings and 20 man-days 65/man-day 1300.00
transplanting
3. Gap filling 3man-days  65/man-day 195.00




Particulars Input Rate Total cost
(per ha)* (Rs) (Rs/ha)*
4.Fertilizers and their application
(i) Urea 217 kg 4.6/kg 998.00
(iiy Single superphosphate 375 kg 3.2/kg 1200.00
(i) Muriate of potash 67 kg 4.2/kg 281.00
(iv) Fertilizer application 3 man-days 65/man-day 195.00
5. Irrigation and cost of application 10 times 200/irrigation/ ha 2000.00
10 man-days 65/man-day 650.00
6. Insecticide application
() Endosulfan 1.5 litre 300/litre 450.00
(i) Cost of spraying 4 man-days 65/man-day 260.00
7.Harvesting, threshing and cleaning 20 man-days 65/man-day 1300.00
8.Land rent 6 months 3000/halyr 1500.00

Grand total Rs.12945.00

*Rs/0.1 ha for raising of nursery except cost of seed

Prevailing prices of produce (Pusa 44)

Grain: Rs. 5500/t

Straw: Rs. 300/t



Appendix IV. Cost of cultivation of wheat

Particulars input Rate Total cost
(per ha) (Rs) (Rs/ha)

1.Land preparation
(i) Ploughing 5 tractor-hrs  70/hr 350.00
(i) Discing and planking 3 tractor-hrs ~ 70/hr 210.00
(i) Field layout 2 man-days 65/man-day 130.00

2.Seed and sowing
(i) Seed (HD 2285) 100 kg 15/kg 1500.00
(i) Sowing 4 tractor-hrs ~ 70/hr 280.00

3. Fertilizeré and their application®

(i) Urea 261 kg 4.6/kg 1200.00
(i) Single superphosphate 375 kg 3.2/kg 1200.00
(iii) Muriate of potash 67 kg 4.2/kg 281.00
(iv) Fertilizer application 3 man-days 65/man-day 195.00
4. Gap filling and thinning 4 man-days 65/man-day 260.00
5.1rrigation and cost of application 5 times 200/irrigation/ha 1000.00
5 man-days  65/man-day 325.00
6. Harvesting, threshing and cleaning 18 man-days = 65/man-day 1170.00
7.Land rent 6 months 3000/halyr 1500.00
Grand total Rs.9601.00

Prevailing prices of produce (HD 2285)

Grain: Rs. 6200/t
Straw: Rs. 400/t

T-Fllo






