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1. Introduction

Rice is the staple food for more than 60 percent of worlds’ population. It is grown in 

about 42.5 Mha with a production of 95 Mt contributing 45 percent to total food grain production 

of India. Among the various systems of cultivation of rice, direct seeding of sprouted seeds in 

puddle offers a good alternative to transplanting system. But weed problems are more critical in 

direct seeding (Moorthy and Saha, 2002) contributing to a yield loss of 40 to 100 percent 

(Choubey et a i, 2001).

Manual weeding is considered to be the best, the undependable labour availability and 

escalating wages in many cases has given impetus to the development. Chemical control is the 

most commonly used and reliable method for controlling weeds in rice. Some of the weeds are 

not controlled by the traditional herbicides and mostly regenerate after hand weeding. With 

changing scenario of weed management farmers need herbicides having high efficacy, low 

phytotoxicity and cost effective as well as no residual effect on succeeding crops. Introduction of 

new post-emergence herbicides may help to have a wide spectrum of application time as well as 

according to weed specificity and may be an effective tool for specific weed management.

Acetyl Co A Carboxylase (ACC ase) inhibitors and Acetolactate Synthase (ALS) 

inhibitors are two major class of herbicides successfully used in the selective control of weeds in 

the rice ecosystem. They are used for the control of many grass and broad leaved weeds such as 

Echinochloa spp.,Cynotis axillaris, Sacciolepis interrupta, Leptochloa chimnsis, Marselia 

quadrifolia etc.

Acetyl Co A carboxylase is a multifunctional protein located in the stroma of plastids. It 

catalyses the carboxylation of Acetyl Co A to Malonyl Co A which is the precursor in the fatty 

acid synthesis in plants. This inhibition o f fatty acid synthesis blocks production of 

phospholipids used in building new cell membranes required for cell growth. Herbicide 

Cyhalofop butyl, Clodinafop, Diclofop, Fenoxaprop and Cyclohexanediones are ACCase 

inhibitors and these herbicides affect the fatty acid synthetic pathway of plants and contribute to 

their destruction and control. The tolerance to these groups of herbicides is attributed to the 

alteration in the target site, presence of detoxification mechanism and overproduction of ACCase 

(Gronwald, 1992).

ALS is the first enzyme common in the biosynthesis of the branched chain amino acid 

leucine, isoleucine and valine (Stidham, 1991). The selective herbicides belonging to the
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chemical class sulfonyl ureas, imidazolinones, triazolopyrimidines and pyrimidinyl benzoate are 

the major ALS inhibitors used in weed control. These herbicides will bind with ALS and make 

the enzyme inactive there by affecting the protein synthetic pathway of plants leading to their 

death. Resistant plants are able to detoxify these herbicides. According to Vidal (2002) these 

products control a broad spectrum of weed flora, low toxicity to humans and animals and high 

capacity of translocation in plants.

The new herbicides currently popular in Kerala belong to the above mentioned 

categories. In many cases, the application of these herbicides does not show any visible 

symptoms of toxicity to the rice plant. However, morphological changes such as reduction in 

height have been observed in the field. Hence the current study has been proposed to identify the 

physiological and biochemical factors that contribute to such morphological changes in the plant. 

This will help to develop measures to improve the efficiency of the plant and nullify the negative 

effects of herbicide application.

Objective

The study aims to identify

1. The physiological changes due to application of Acetyl CoA Carboxylase (ACC) and

Acetolactate Synthase (ALS) inhibiting herbicides.<
2. Morphological changes due to application of Acetyl CoA Carboxylase (ACC) and 

Acetolactate Synthase (ALS) inhibiting herbicides and their effect on the growth and yield of 

rice.
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2. Review of Literature

■ In India weed problem is one of the most important biotic constraints that limits rice 

productivity (Saha and "Rao, 2010). Weeds that emerge simultaneously with crop deplete 

considerable amount of costly fertilizer and native plant nutrients, which result in lower yield. 

Effective control of weeds is, therefore, vitally important. The yield loss due to weeds was as 

high as 40-100 per cent in direct seeded rice (Choubey et al., 2001).

Among the popular weed control options chemical weed control is widely used by 

farmers. Among the herbicides, the ALS and ACCase inhibitors are very popular in rice 

cultivation as they are required only in small quantities and can effectively control most of the 

weeds. The influence of these chemicals on the physiological and biochemical parameters of the 

rice plant is reviewed.

2.1 Weed spectrum in rice

In rice more than 80 species of poaceae family have been reported as weeds. Species in 

Cyperaceae family rank next with more than 50 species. Other families with 10 or more weed species 

include Alismataceae, Asteraceae, Lythraceae and Scrophulariaceae (Hosmani, 1995). Choubey et al. 

(2001) observed Echinochloa colona, Commelina benghalensis, Cyperus iria and Cynotis 

axillaris as major weeds in dry sown rice.

Moorthy and Manna (1982) reported that the weed flora in puddled rice composed of 

Fimbristylis tniliacea, Cyperus difformis and Scirpus supines. At IRRI, the major weed species 

observed in wet seeded rice in the order of importance include Paspalum distichum, Monochoria 

vaginalis, Sphenoclea zeylanica, Echinochloa glabrescens and Cyperus difformis (Mabbayad 

and Moody, 1984).

In direct wet sown fields of Pattambi (Kerala), Nair et al. (1974) reported the presence of 

Echinochloa crusgalli, Cyperus sp., Fimbristylis miliacea and Monochoria vaginalis as the 

major weeds. Sreedevi and Thomas (1993) suggested that sedges and broad leaved weeds 

constituted the major part of weed flora in direct sown puddled rice in Kerala, with few grasses.

Jayakumar et al. (1994) reported that the major weeds at Coimbatore condition were E. 

crus-galli (22.0 %), E. colona (23.5 %) in grasses, Cyperus difformis (21.3 %) and Cyperus iria



(21.0 %) in sedges, Marselia quadrifoliata (5.8 %) and other broad leaved weeds (6.4 %) in rabi 

season.

The pre-dominant weed species at Tirupati, in Andhra Pradesh were Echinochloa crus- 

galli, Cynodon dactylon, Cyperus iria, Cyperus rotundas, Eclipta alba, Ammatmia baccifera, 

Phyllanthus niruri and Commelina bengalensis (Subramanyam el al, 2009).

Subramanian et a l  (2006) reported that weed flora of the experimental field were 

composite in nature, consisting of grasses such as Echinocloa colonum, E. crus-galli and 

Cynodon dactylon; sedges such as Cyperus rotundas, C. difformis and C. iria ; broad leaved 

weeds such as Eclipta alba, Ammania baccifera, Phyllanthus niruri and Ludwigia parviflora.

Roy et al. (2009) reported that weed vegetation in boro rice, Assam were Monochoria 

vagnialis, Panichum repens, Echinochloa colonum, Echinochloa crus-gali, Fimbristylis 

miliacea, Cyperus micheliamus, Cyperus esculenta, Sciepus juncoides and Cynodon dactylon.

2.2 Chemical control of weeds

For the last few decades, herbicides have been tremendous contributors to agriculture. In 

large scale rice farming, herbicide based weed management has become the smartest and most 

viable option due to scarcity and high wages of labor (Singh et al, 2006; Anwar et al, 2012a).

Among the post emergence herbicides, Ethoxysulfuron, Cyhalofop-butyl, Pretilachlor, 

Chlorimuron, Metsulfuron, Bispyribac sodium, Azimsulfuron, Fenoxaprop and Penoxsulam 

effectively controlled weeds in direct seeded rice (Mann et al., 2007; Singh et al, 2008; Mahajan 

etal, 2009; Juraimi et al, 2010).

2.3 Herbicide toxicity to rice

- Cyhalofop butyl applied to rice plants did not show any visual phytotoxicity symptoms 

(Abeysekhara, 1999). There was no phytotoxicity for Fenoxaprop -p-ethyl from 45-90 g/ha at 

different stages of application (Singh et al, 2003). Katiyar and Kolhe (2006) observed that 

Fenoxaprop -p-ethyl+ Ethoxysulfuron and Metamifop had no phytotoxic effect on rice. 

Application of Metamifop 10 EC at 100 g a.i/ha at 2-3 leaf stage was found to be better in 

controlling grass weeds in direct seeded rice (Nithya et a l, 2011). Yadav et al. (2009) noted no



phytotoxicity for Bispyribac sodium on rice and no residual toxicity for succeeding crop of 

wheat. Rao et al. (2009) also reported that Bispyribac sodium is a safe herbicide to rice and to 

rice fallow crops. There was no phytotoxicity for Azimsulfiiron on rice at 15 and 30 days after 

spray and there was no residual toxicity on succeeding crop of wheat (Yadav et al., 2008). Yadav 

et al (2010) also observed there was no phytotoxicity for Azimsulfuron on rice and no residual 

toxicity on succeeding wheat. Almix @ 25g/ha showed moderate to severe toxicity in rice which 

persisted up to 30 DAT (Yun et al., 2005).

2.4 Effect of herbicides on growth paremeters

Singh et al. (2010) reported phytotoxicity symptoms like yellowing and stunted growth 

of rice cultivar ‘Rajshree’ at higher doses of Azimsulfuron (27.5 and 30 g/ha). Owing severe 

phytotoxicity on variety ‘Malwa 36’, application of Almix led to lower plant height, fresh and 

dry weight of plant (Mukherjee and Singh, 2006). Sreedevi et al. (2009) observed that unweeded 

control recorded lower plant height as compared to herbicide applied plots. Petter et al. (2013) 

reported that application of imazethapyr + imazapic and nicosulfuron affected the plant height 

in rice.

Kumar and Gill (1982) registered a reduction of 63 percent and 11 percent in effective 

tillers and test grain weight respectively in unweeded plot over herbicide treated plots. Jain et al. 

(1996) reported that CGR was positively correlated with seed yield and crop biomass. Tiwari et 

al. (2010) conducted a field experiment during 2001 kharif season (June to October) to 

determine the effect of herbicides on phytotoxicity and yield of direct sown rice cv. IR-36 in 

Chattisgarh, India. During 0-25 DAS, post emergence application o f Chlorimuron + 

Metsulfiiron, irrespective of rates, showed maximum crop growth rate (CGR), which was 

significantly higher than CGR under hand weeding and the unweeded control. During 25-50 

DAS, all herbicide treatments as well as hand weeding twice were equally effective in producing 

higher CGR and were significantly superior to the control. During 70-90 DAS, hand weeding 

twice showed maximum CGR of 0.109 g day^planf1, which was significantly superior than all 

the lower rates o f herbicide treatments and the control, except preemergence application of 1.0 

kg Pendimethalin/ha. Manjunath and Panchal (1989) reported that herbicides at optimum doses 

reduced weed growth effectively, thus increasing crop growth rate and leading to higher DM
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production, yield and yield components. Rana and Angiras (1999) found that Pretilachlor at 0.80 

kg/ha was statistically at par with hand weeding twice, and increased crop growth rate (CGR), 

paddy grain yield and decreased growth rate of weeds (WGR). Aishy et al. (1976) found 

that Linuron, alone or mixed with Treflan, and hoeing produced the highest DM yield, CGR and 

the highest seed yield. Veeramani et al. (2006) revealed that the plant growth indices such as 

LAI, CGR, RGR and Plant DMP values were increased appreciably by Paraquat application in 

14 days after first irrigation compared to unweeded control in cotton

Satao and Nalamwar (1991) reported that pre-emergence application of 1 kg Atrazine + 

2 weedings 45 and 60 days after germination gave the highest grain and fodder yields which 

were 44 and 75% respectively and greater than the untreated control. NAR and RGR were also 

highest with this treatment. Singh et al. (1985) carried out an experiment on the influence of 

various rates ofNitrofen, Fluchloralin and Pendimethalin (0.5, 1, 1.5 and 2 kg/ha) on the growth 

parameters of green gram and they concluded that RGR values increased with increasing rates of 

herbicides during weeks 3-6 and these values were lower than those recorded with hand weeded 

plants. Later during weeks 6-9 no significant variations were noted in RGR values due to 

herbicide treatments. Moursi et al. (1980) reported that RGR at 30-60 days were significantly 

increased by herbicides but not at later growth stages. Field trials conducted by Bhargavi and 

Reddy (1993) in Andhra Pradesh with pre-emergent herbicides viz., Butachlor, Thiobencarb and 

Pendimethalin and post-emergent herbicides, 2,4-D ethyl ester at 0.9 kg (7 DAS) and 2,4-D 

sodium salt at 1 kg, (30 DAS) with hand weeding twice at 20 and 40 DAS showed that in all the 

treatments the RGR of rice increased, and that of the weeds decreased, as compared with the 

untreated control. Mehta et al. (2010) conducted a field experiment consisting of six weed 

control methods (weedy check, weed-free, hand weeding at 20 and 40 DAS, HW at 

20+interculturing at 40 ' DAS, application of Pendimethalin @ 0.75 kg ha' 1 (PE) and 

Pendimethalin @ 0.75 kg ha' 1 (PE)+Interculturing at 40 DAS) and .their results revealed that 

RGR and yield attributes were higher for pre-emergence application of Pendimethalin @ 0.75 

kg per ha+IC at 40 DAS followed by hand weeding (HW) at 20 and 40 DAS this was statistically 

at par with weed free treatment and significantly superior over rest of the treatments.

Nichiporovich (1960) was of the opinion that NAR increased rapidly from emergence to 

a stable optimum level with a decline at the end of the growing period. Williams (1946) and

6
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Thorne (1960) however, found that NAR of all the species based on leaf area, fell linearly with 

time. Murti and Khan (2005) conducted a field study at Kumarganj, Faizabad, Uttar Pradesh to 

evaluate the effect of two Dinitroaniline herbicides on growth parameters and yield. The results 

revealed that application of Pendimethalin and Fluchloralin at 0.75, 1.0 and 1.25 kg/ha did not 

produce significant effect on net assimilation rate. (NAR) and yield. Singh et al. (1985) carried 

out experiments on the influence of various rates of Nitrofen, Fluchloralin and Pendimethalin 

(0.5, 1, 1.5 and 2 kg/ha) on growth parameters of green gram and they concluded that NAR 

values increased with increasing rates of herbicides during 1-3 weeks.

Channappagoudar et al. (2008) carried out a field experiment at University of 

Agricultural Sciences, Dharwad during kharif season for two years to study the influence of 

herbicide on physiological parameters in potato. The experiment consisted o f 13 treatments 

comprising five herbicides viz. Alachlor (1.0 and 1.5 kg ai/ha), Fluchloralin (1.0 and 1.5 kg 

ai/ha), Pendimethalin (1.0 and 1.5 kg ai/ha), Metribuzin (0.75 and 1.0 kg ai/ha) and Diuron (1.0 

and 1.5 kg ai/ha) compared with farmers practice, weed free check and unweeded control results 

revealed that the influence of all the herbicides on the physiological parameters of potato was 

similar. The herbicides substantially increased LAI and photosynthetic rate than unweeded 

control. Pre emergence application of Metribuzin @ 0.75 kg ai/ha recorded higher LAI (2.82) 

and photosynthetic rate (28.0 u mol/m2/s). The lower LAI and photo synthetic rate (2.088, 22.7 

pmol/m2/s and 66.1%, respectively) was recorded in unweeded control.

2.5 Effect of herbicides on physiological and biochemical param eters

2.5.1 Chlorophyll content

Singh et al. (1987) conducted an experiment on field evaluation of Pendimethalin, 

Butachlor, Thiobencarb and 2,4-D and the results revealed that the herbicides applied after 

sowing or transplanting affected the chlorophyll content of the leaves of rice. Pre emergent 

application of Pendimethalin or Oxadiazon at 0.75 kg/ha and Butachlor or Thiobencarb at 1.5 

kg/ha in rice followed by wheat showed non-significant differences in the chlorophyll and 

carotenoid content of the leaves of wheat. However leaf chlorophyll a was highest in 

Thiobencarb-treated rice crop followed by wheat and lowest in Butachlor-treated rice. 

Chlorophyll b was highest in Pendimethalin-treated rice and lowest in Butachlor-treated rice.
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Total chlorophyll content in wheat following herbicide-treated rice was in the order 

Thiobencarb> control > Pendimethalin > Oxadiazon > Butachlor (Randhawa and Gill, 1989)

Efficacy of herbicides viz., Butachlor (1.0 kg/ha), 2,4-D (0.72 kg/ha), Oxyfluorfen (0.2 

kg/ha), Anilofos (0.4 kg/ha) and Thiobencarb (1.0 kg/ha) on rice cv. Mahsuri showed the mean 

chlorophyll content in the rice cv. Mahsuri was maximum in plants treated with Butachlor (2.35 

mg/g at 20 DAF) and minimum in unweeded control (1.94 mg/g). The chlorophyll content of the 

leaves reduced in the order Butachlor > 2,4-D > Anilofos > Oxyfluorfen > Thiobencarb > 

unweeded control (Deka et al, 1996).

Field experiment in Karnataka conducted by Nagaraju et al. (1995) in rice cv. IR-20 

with 2,4-D + Anilofos, Butachlor, 2,4-D, Anilofos, Pretilachlor and Oxyfluorfen revealed that 

the application of 0.30 kg Anilofos + 0.60 kg 2,4-D/ha 4 days after transplanting increased 

chlorophyll content. Application of Saturn (thiobencarb) on rice field stimulated the 

chlorophyll 'a' content in rice leaves (Dawah et al, 2005).

Sahoo et al. (1993) conducted a field experiment and evaluated the herbicides 2,4-D and 

2,4,5-T, both applied at 10-1000 ppm, on plant pigments (chlorophylls ia> and ib' and total 

chlorophyll) and reported that Chlorophyll a and b and total chlorophyll were generally reduced 

by application of both 2,4-D and 2,4,5-T. Peng et al. (2006) studied the effects of Triazine 

herbicide Atrazine on rice seedlings and reported that chlorophyll contents decreased from 

1.07±0.013 mg/gFW  (control) to 0.97±0.013 mg/g FW.

2.5.2 Total soluble protein

Perumal et al. (2005) estimated the effect of application of the herbicides sodium salt of 

2,4-D at 500 g/acre and Butachlor 50% EC at 400 ml/ha on the weed Eclipta alba and rice. They 

reported that the decrease in soluble protein content was more in Eclipta alba than rice and 

Butachlor showed more effect than 2,4-D in reducing the soluble protein content of leaves. 

Application of Fentrazamide at and above 1 pM on the early growth stage of water grass and rice 

showed phytotoxicity symptoms and 95 percent reduction in dry weight due to degradation of 

protein (Jin et al, 2007). Peng et al. (2006) reported that soluble protein content decreased from
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40.4 mg/g FW (control) to 29.3 mg/g FW when rice seedlings were treated with 0.1 mg/litre 

Atrazine for 7 days.

Ting (2009) studied the effects of cadmium (Cd), Acetochlor (AC) and Bensulfuron- 

methyl (BSM) on nitrogen metabolism and plant growth in rice seedlings with aquatic culture 

experiments and the results demonstrated that in all exposure groups there were marked decrease 

in the fresh weight o f rice seedlings and the activities of nitrate reductase (NRase) and glutamine 

synthetase (GS) in the roots and shoots, consequently leading to an increase in free amino acids 

content and decrease in soluble protein content and nitrate content in the roots and shoots.

2.5.3 Nitrate reductase activity

The nitrate reductase activity (NRase) which is the key enzyme in nitrogen metabolism is 

known to be regulated by various environmental factors and nitrite availability. It is also believed 

that the reduction of nitrate by NRase is the rate limiting process for the utilization of nitrogen in 

the form of nitrate (Bertero et a l, 2003).

' Deka et al. (1996) conducted pot culture experiments to evaluate the herbicides 

Butachlor at 1 kg/ha, 2,4-D at 0.72 kg/ha, Oxyfluorfen at 0.2 kg/ha, Anilofos at 0.4 -kg/ha and 

Thiobencarb at 1 kg/ha applied at 3 days after sowing or transplanting to direct-sown and 

transplanted rice and concluded that irrespective of herbicide application, in vivo nitrate 

reductase activity (NRase) was greatest at the early tillering stage, after which nitrate reductase 

activity gradually declined. The greatest levels of nitrate reductase activity were recorded with 

Butachlor-treated rice at the tillering stage, and the lowest nitrate reductase activity was observed 

in the unweeded control at 20 DAF. The effect o f Butachlor on nitrate reductase activity in the 

leaves of rice cv. RP-2421 at different stages of growth in Palampur, showed a positive 

correlation with grain protein and leaf protein (Neelam and Ruchi, 2005).

Antony (1995) reported that nitrate reductase activity was correlated with TDM at early 

stage but did not have any positive correlation with any of the yield and yield components in 

soybean. Prakash et al. (1989) reported that application of Thiobencarb did not affect nitrate 

reductase activity in rice plants where as in£ . crus-galli, the treatment strongly lowered nitrate 

reductase activity.

2.5.4 Proline content
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Chalko (1970) reported that application of 4-chloro-2-methylphenoxyacetic acid (MCPA) 

increases the proline content in barley compared to control from 17 to 28%.

Lakimova et a l (2002) reported application o f herbicides Fluazifop at 375 and 500 g/ha 

and Quizalofop at 150 and 200 g/ha increased proteases and proline content in lily. Ibrahim et 

al, (2004) reported that combined applications of Fenoxaprop-p and Fluroxypyr increased the 

proline content in maize.

Application_of 0,3 kg/ha Simazine, 0.3 kg/ha Simazine + 0.3 kg/ha 2,4-D, and 1.5 kg/ha 

MCPP [mecoprop], reduced the proline content in winter rye (Panamarioviene,1996).

2.5.5 Total amino acids

Davies and Humphrey (1978) reported that the plant changed its enzyme complement by 

rapidly synthesizing new proteins from amino acid formed by degradation of old proteins. 

Application Bensulfuron-methyl had very little influence on the free amino acid content of O. 

sativa and P. dichotomiflorum belonging to the poaceace family (Chang et al, 2008).

Zhong et a l (2001) conducted an experiment on the influences of herbicides on the 

physiological and biochemical parameters of potted rice plants and they reported an increase in 

free amino acids in rice leaf sheath but the increase was not significant compared with the 

control. Young and Chu (1975) conducted an experiment in pot culture with rice, Simazine or 

Simetryne applied to leaves at 1, 5 or 20 ppm and soil at 2.8 or 5.6 g at flowering stage of rice 

resulted in an increase in the content of total amino acid.

2.5.6 Catalase enzyme activity

Catalase is a universal enzyme which catalyzes the decomposition of hydrogen 

peroxide to water and oxygen and protects the cell from oxidative damage (Chelikani et 

al, 2004). Lin et al. (2010) evaluated the effect of fluroxypyr at 0-0.8 mg on selected metabolic 

and stress related parameters in Oiyza sativa plants after 6 days of exposure and concluded that 

Fluroxypyr-induced significant changes in activities of superoxide dismutase, catalase, ascorbate 

peroxidase and peroxidase (POD).



Sood et al. (2011) conducted an experiment on the effects of different Paraquat (PQ) 

dosages on growth, lipid peroxidation, and activity of antioxidant enzymes of Azolla 

microphylla and the results revealed that supplementation of 10 pM Paraquat increased the 

activities of superoxide dismutase (SOD), catalase (CAT) as compared with control. Mei et al. 

(2009) reported that catalase has a much lesser role in the defense against Quinclorac or 

Bensulfuron-methyl induced oxidative stress. Prokopenko and Musina (1983) reported that 

catalase activity during early growth and at flowering and pod formation stages of soyabeans 

was not adversely affected by applying 1-3 kg Dacthal [chlorthal-dimethyl] but decreased by 

further increasing the herbicides rates.

Kun et al. (2013) studied the effects of Atrazine on superoxide dismutase (SOD), and 

catalase (CAT) activity in leaves of Pennisetum hydridum and revealed that low level of 

Atrazine at (5, 10 mg.L'1) elevated O2', production rate and CAT activity in leaves leading to a 

decreased H2O2 content.

Studies by Singh et al. (2013) in wheat crop at Faizabad revealed that the catalase and 

peroxidase activities in leaves were significantly increased due to herbicides over untreated 

check. Minimum increase was observed with Sulfosulfuron, while Isoproturon showed 

maximum increase.

2.5.7 IAA content

Indole-3-acetic acid (IAA) is the most common, naturally-occurring, plant hormone of 

the auxin class Simon and Petrasek (2010). Kimura et al. (1971) reported that Benthiocarb 

competitively inhibited the elongation of laminar joints o f excised rice leaves induced by IAA. 

Inhibition of protein synthesis through competition at the auxin-acting site appears to be one of 

the modes of action of Benthiocarb. Wen (1995) reported that Butachlor greatly decreased levels 

of endogenous IAA, but increased endogenous abscisic aci in rice seedlings.

2.5.8 Stomatal conductance

Stomatal conductance is the measure of .the rate of passage of carbon dioxide (CO2) 

entering, or water vapor exiting through the stomata o f a leaf. It is under direct biological control 

of the leaf through guard cells, which surround the stomatal pore (Taiz and Zeiger, 1991).

Oosterhuis et a l (1990) conducted an experiment to elucidate the morphological and 

physiological responses of rice to post-emergent application of Fenoxaprop. The results revealed
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that net photosynthesis was reduced by 35% in Fenoxaprop-treated plants after 11 days, although 

stomatal conductance was not affected. Carvalho et a l (2012) reported that glyphosate doses in a 

range of 180-360 g ai ha' 1 increased photosynthesis, transpiration and stomatal conductance. 

Ivanova et al. (1999) reported that Atrazine inhibited the growth of the trifoliate leaves, and 

decreased photosynthesis, transpiration rates and stomatal conductance in bean leaves.

2.5.9 Photosynthetic rate

Sousa et a l (2014) reported that the application of chemical herbicides of the 

imidazolinone group on rice plants contributed to changes in the photosynthetic metabolism of 

plants. Sharma et al. (1989) conducted experiment on 15 day old rice plants with 1, 3, 5 or 7 ppm 

Oxyfluorfen. The results revealed that decreased leaf chlorophyll contents inhibited 

photosynthesis in rice plants. Argenta and Lopes (1992) reported that there was increase in 

inhibition o f photosynthesis with Chlomazone doses above 0.75 kg in rice.

Basuchaudhuri (1989) reported that application of Simazine at 12 ppm caused 50 percent 

inhibition of photosynthesis in leaf discs of rice and application of Butachlor caused 90 percent 

inhibition in rice.

2.5.10 Phenol

Klepacka et al. (2011) reported that organisms that synthesize phenolic compounds do so 

in response to ecological pressures such as pathogen and insect attack, UV radiation and 

wounding. Duke et al. (1985) found those herbicides, especially Glyphosate, Chlorsulfuron and 

Acifluorfen influence the synthesis of various phenolic compounds that instances where auxin 

and gibberellic acid are partially or completely inactivated the inhibitory activity of phenolic 

compounds and ABA is increased, under such conditions phenolics exert a direct influence on 

growth.

2.6 Effect of herbicides on yield and yield attributes

Cyhalofop butyl available as Clincher . 10 EC, is an aryloxy phenoxy propionate 

herbicide developed for post emergence control of grass weeds in dry as well as wet seeded rice. 

It is phloem mobile, systemic herbicide that inhibits Acetyl Co-A carboxylase enzyme activity 

(Sharma et al, 2004). Cyhalofop butyl @ 90g/ha resulted in more number of panicles and higher 

grain yield of rice (4.5 t/ha) (Angiras and Attri, 2002). Saini (2003) reported application of



Cyhalofop butyl at .10, 15 and 20 DAS resulted in higher paddy yield. Cyhalofop butyl applied to 

rice plants did not show any visual phytotoxicity symptoms (Abeysekhara and Wickrama, 2004). 

Saini (2005) reported Cyhalofop butyl at 120g/ha (15 DAS) followed by 2,4-D at 1 kg/ha (20 

DAS) and 2,4-D at 15 DAS followed by Cyhalofop butyl at 20 DAS being on par with each 

other-and recorded higher number of panicles/m2, panicle length, grains/panicle and 1000 grain 

weight. Sangeetha et al. (2009) reported application of Cyhalofop butyl (15 DAS) + 1 HW (45 

DAS) produced more panicles/m2, filled grains/panicle and yield which was on par with HW 

twice.

Bahar and Singh (2004) reported that Fenoxaprop p-ethyl available as Rice star, is a 

new aryl oxy phenoxy propionate (AOPP) post emergence herbicide inhibiting Acetyl Co-A 

carboxylase enzyme and is effective against grass weeds in rice, Saini and Angiras (2002) 

recorded higher grain yield (30.3 t/ha) as well as yield attributing factors with application of 

Fenoxaprop p-ethyl @ 90g/ha (20 DAS). Fenoxaprop p-ethyl at 56.25 g/ha applied at 10 days 

stage produced grain yield of 6798 kg/ha which was at par with weed free treatment (Singh et 

al., 2004). Dixit and Varshney (2008) observed higher number o f panicles/m2 (236) and 

grains/panicle (71) under post emergence application of Fenoxaprop p-ethyl. Sreedevi et al. 

(2009) recorded higher mean plant height with application of Fenoxaprop p-ethyl. Fenoxaprop 

p-ethyl (0.06 kg/ha) mixed with ethoxysulfuron (0.015 kg/ha) produced higher grain yield 

(Tiwari et al, 2010).

Metamifop is a new aryl oxy phenoxy propionate (AOPP) post emergence herbicide 

which shows an exclusive whole plant safety to rice with a high control efficacy to annual grass 

weeds, especially Echinochloa crus-galli. Selectivity of Metamifop between rice and barnyard 

grass could be due to both differential foliar absorption rate and differential Acetyl Co-A 

carboxylase sensitivity (Kim et al., 2003).

Bispyribac sodium, available as Nomineegold is a pyrimidinyl carboxy 

herbicide, effective to control many annual and perennial grasses, sedges and broad leaved 

weeds in rice fields (Yun et al., 2005). Walia et al. (2008) recorded highest grain yield of 4684 

kg/ha with post emergent application of Bispyribac sodium (30g/ha) at 30 DAS. Bispyribac 

sodium 10%SC @ 30g/ha gave higher grain yield (Rao et a l, 2009). Yadav et al. (2009)



14

eported 41 percent increase in grain yield with application of Bispyribac sodium @ 25g/ha at 

15-25 DAT. Application of Bispyribac sodium @ 25g/ha on 20 DAT registered higher grain 

yield (ARWR, 2011). Walia et al. (2008) obtained more tillers/m2 (310), grain weight/panicle 

(21.7 g), and a yield of 5016 kg/ha with pre emergence application of Pendimethalin followed by 

Bispyribac sodium @ 20 g/ha.

' Azimsulfuron is a post emergence sulfonyl urea herbicide useful for controlling weeds in 

rice fields (Valle et al, 2006). Yadav et al. (2008) noticed a yield of 6242 kg/ha with application 

of 30g/ha Azimsulfuron along with 2g/ha Metsulfuron at 25 DAT. Weight of grains/panicle was 

higher with post emergence application of Azimsulfuron @ 25 and 30g/ha (Walia et al., 2008). 

Singh et al. (2010) reported that Azimsulfuron @ 30g/ha + Metsulfuron @ 2g/ha produced 

higher grain (5.54q/ha) and straw yield (8.5q/ha). They also observed some yellowing of rice 

leaf when Azimsulfuron was applied but plants recovered in 15-20 days. Singh et al. (2010) 

obtained the highest grain and straw yield with application of Azimsulfuron @ 25 g/ha alone or 

tank mixed with Almix. Application of Azimsulfuron 50 DF @ 30 g/ha resulted in increased 

yield components and yield of rice (Sakthivel and Balasubramanian, 2010).

Almix is a ready mix formulation of Metsulfuron methyl and Chlorimuron ethyl 

belonging to sulfonyl urea group, inhibiting ALS-activity and is effective against broad leaved 

weeds and sedges in rice (Yun et a l, 2005). Tank mix of Almix + Butachlor (4+1250g/ha) and 

ready mix of Almix + Anilofos (Alkombo) @ 280.5g/ha produced higher grain yield without any 

phytotoxicity on rice (Singh et al, 2003). Grain and straw yield of 5837 kg and 7132 kg/ha 

respectively was obtained with tank mix application of Almix and 2,4-D which was on par with 

HW twice (Mukherjee and Singh, 2004). Almix + 2,4-D (15+500g/ha) at 8 DAT was found 

most effective in maximizing rice grain yield (58.3q/ha) (Mukherjee and Singh, 2006). A higher 

grain yield were obtained with application of Almix and Butachlor 3 DAT (Patra et al., 2006). 

Metsulfuron-methyl @ 8g/ha applied 10 DAT increased yield by 72 percent (Saha and Rao, 

2010).





3. M aterials and M ethods

Investigations on the "Morpho-physiological changes in rice (Oryza saliva 

L.) due to application of selected post emergent herbicides" was conducted in the 

Kole lands of Thrissur district. The details of materials used and methods adopted are 

presented in this chapter.

3.1 General details

3.1.1 Location

The experiment was conducted in the field of a farmer M. Kesavaraj in the 

Alappad Kole located at 10°3r latitude and 76°11’ longitude and lm  below MSL.

3.1.2 Climate and weather conditions

The experimental site enjoys typical humid tropical climate. The mean 

monthly averages of important meteorological parameters observed during the 

experimental period are presented in Appendix I.

3.1.3 Variety used

The rice variety Jyothi (PTB 39), a red kernelled, short duration variety of 

T 10-115 days duration was used for the trial. The variety is suitable for direct seeding 

and transplanting during both first (Virippu) and second crop (Mundakan) seasons. It 

is tolerant to BPH and rice blast disease, moderately susceptible to sheath blight and 

capable of yielding over 8 t/ha under favorable situations and gives moderate yields 

even under adverse conditions.

3.1.4 Season

The crop period was from November 2013 to February 2014 (Mundakan).

3.1.5 Cropping history of the experimental site

Alappad Kole is a single cropped land, where rice is grown during September- 

October to February-March. The land remains submerged during the rest of the year.
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3.2 Treatments

The experiment was laid out in randomized block design (RBD) with 7 

treatments and 4 replications (Table. 1) and the plot size was 5m X 3m (15m2). The 

herbicides tried and the dosages used are given below:

Table 1. Chemical name, trade name, formulation and dosage of the herbicides 

used for the study

Group Herbicides Trade Name Formulation Dosage 

(g a.Uha)

AC.Case

enzyme

inhibitors

1. Cyhalofop butyl Clincher 10EC 100

2. Fenoxaprop - p - ethyl Rice star 6.7% w/w 60

3. Metamifop Metamifop 10EC 125

ALS enzyme 

inhibitors

4. Bispyribac sodium Nomineegold 10SC 30

5. Azimsulfuron Segment 50DF 35

6. Metsulfuron methyl and 
chlorimuron ethyl

*Almix 6.7% w/w 4

Control- Hand Weeded

*Almix -  A combination of chlorimuron ethyl 10% + metsulfuron methyl 10%

EC- Emulsifiable concentrate

DF- Dry flowable WP- Wettable powder SC- Soluble concentrate

3.3 Field operations

The details o f various field operations from land preparation to threshing are 

given below.
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ACCase enzyme inhibitors

Tt - Cyhalofop butyl 

T2 - Fenoxaprop - p - ethyl 

T3 - Metamifop

ALS enzyme inhibitors

T4 - Bispyribac sodium 

T5 - Azimsulfuron 

Tg - Almix 

T7 - Hand weeded



3.3.1 Land preparation, sowing and fertilizer application

The area was ploughed, puddled and levelled. The plot size adopted was 15m2 

(5m x 3m). Plots of 5m x 3m were made by taking bunds of 25 cm width and height. 

After levelling, fertilizers to supply NPK @ 90:35:45 kg/ha were applied. Urea, 

Factamphos and Muriate of potash were used for supplying the nutrients. Full dose of 

P was applied basally. N and K were applied in three equal splits at land preparation, 

maximum tillering and panicle initiation stages. After basal fertilizer application, the 

seeds were broadcasted at the rate of 150g/plot (100 kg/ha). In Hand weeded 

treatment, hand weedings were done at 20 and 40 DAS. All herbicides were sprayed 

at 15 DAS using knapsack sprayer at the recommended doses (Table l).The 

population of rice seedlings was maintained at 66 plant / m2 by thinning and gap 

filling.

3.3.2 Plant protection

Timely plant protection measures were taken up as per package of practices 

(POP) of KAU (KAU, 2007). Leaf folder attack was noticed during the seedling stage 

of the crop and acephate (Acetaf) @ 2g/L was sprayed against it.

3.3.3 Harvesting

The crop was harvested during second week of February where the grains 

fully matured. Threshing was done manually and the produce was cleaned, dried and 

yield was expressed as kg/ha.

3.4 Sample collection

Prior to application of treatment the field was maintained uniformly. 

Herbicides were applied on the 14th day and sample collection was done one week 

after application of herbicides to compare treatment effects.

On the 15th day before application of herbicide 15 plant samples were 

randomly collected from different plots and the biochemical and physiological 

parameters were analyzed and the mean values have been reported.



Plate 2. Herbicide spraying at 15 days after sowing
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3.5 Visual phytotoxicity symptoms

Visual phytotoxicity rating of crop was done on third and seventh day after 

spraying. Symptoms of injury like leaf scorching, Leaf curling, Tip burn, Yellowing 

and Recovery time were obtained and graded from 0 — 5 using the toxicity scale 

given (Thomas and Abraham, 2007).

Table 2. Scale for rating herbicide phytotoxicity in crop and weeds

Rating Effect on weeds Effect on crop

0 None No injury

I Slight control Slight injury

2 Moderate control Moderate injury

3 Good control Severe injury

4 Very good control Very severe injury

5 Complete control Complete destruction

3.6 Morphological observations

3.6.1 Height

Three plants from each plot were selected and the height was measured from 

base of the plant to the longest leaf before panicle initiation and from base to the 

longest panicle after panicle initiation were recorded and expressed as cm.

3.6.2 Tiller production

The number of tillers in one square meter area of each experimental plot at 15 

days interval from 30DAS was counted and recorded using a 0.25 m2 quadrat.

3.6.3 Days to flowering

Time of flowering (days) was recorded when about 50% of the plants flowered.

3.7 Growth indices

The growth indices were worked at 15 days interval for 7 stages. The 

sampling unit consisted of 12 plants per treatment (Three from each replication). The
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plant samples were uprooted and dried and the growth indices were computed as per 

the procedure given below.

3.7.1 Leaf area index (LAI)

Leaf area index as estimated measuring the length and average width of leaf 

and multiplying by a factor of 0.75 as suggested by Yoshida (1981).

3.7.2 Relative growth rate (g g '1 day"1)

Relative growth rate (RGR) is the rate of increase in the dry weight per unit 

time. It was calculated by using the formula of Blackman (1919) and expressed as mg 

g 1 day"1.

logW2 -  logWi 
R G R = -----

T2- T i  
Where,

Wi and W2 = Dry weight of plant at time intervals Ti and T2 respectively.

3.7.3 Crop growth rate (mg era'2 day"1)

Crop growth rate (CGR) is the rate of dry matter production per unit ground

area per unit time. CGR was calculated by adapting the formula suggested by Watson
2 1(1952) and expressed as g cm" day" .

W2-W , 1
CGR= ------------------------------  X-----------

t 2- t ,  a

Where,

Wi and W2 = Dry weight of plant at time intervals Ti and T2 respectively. 

A = Unit land area occupied by the plant (cm2)
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3.7.4 Net assimilation.rate (g cm'2 day'1)

Net assimilation rate (NAR) is the rate of dry weight increase per unit leaf 

area per unit time, which was calculated by the formula given by Gregory (1926) and 

expressed as g cm'2 day'1.

(W2 - W|) (logeL2 -  logeLj)
NA R= -------------------------  X    — -----------

( t 2 - t o  ■ ( l 2 - l , )

Where,

Li and Wi = Leaf area (cm2) and dry weight of the plant (g) at time T [

L2 and W2 = Leaf area (cm ) and dry weight of the plant (g) at time T2.

3.8 Physiological studies

The physiological and biochemical parameters were estimated before 

herbicide application (14th day), one week after application and at flowering stage.

3.8.1 Chlorophyll content

The chlorophyll a, Chlorophyll b and total chlorophyll were estimated by the 

method suggested by Hiscox and Israelstam (1979). The chlorophyll content was 

estimated in spectrophotometer ((Model-4001/4 ThermoSpectonic, Thermo Electron 

Corporation, USA) at two wavelength 663 nm and 645 nm and expressed as 

milligram g' 1 fresh weight of plant tissue. The calculation was done by using 

following formulae.

Chlorophyll ‘a’ = [(12.7 x A663) -  (2.69 x A645)] x V/1000 x W ’

Chlorophyll ‘b’= [(22.9 x A645) -  (4.68 x A663)] x V/1000 x W

Total chlorophyll = [(20.2 x A645) + (8.02 x A663)] x V/1000 x W

Where,

A .- Absorption at given wavelength
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V = Total volume of sample in extraction medium

W = Weight of sample

3.8.2 Net photosynthesis

Photosynthetic rate was measured by using the instrument infrared gas 

analyzer (Model LI-6400 of ICOR inc. Lincoln, Nebreska, USA) at morning 08- 

10AM. It was estimated in 14 DAS and one week after application of herbicides and 

expressed as jj. mol CO2 m"2 s"1.

3.8.3 Stomatal conductance

Stomatal conductance was measured by using the instrument infrared gas 

analyzer (Model LI-6400 of ICOR inc. Lincoln, Nebreska, USA) at morning from 08- 

10AM. It was estimated in 14 DAS one week after application of herbicides and 

expressed as m mol H2O nT2 s"1.

3.8.4 IAA content

IAA (Indol acetic acid) was estimated by the method suggested by 

Parthasarathy et al (1970) with little modification using Garden Weber reagent. The 

IAA was expressed in pg of unoxidised Auxin g' 1 fresh weight.

3.9 Biochemical characters

3.9.1 Total soluble protein

Total soluble proteins was estimated by Lowry et al. (1951) and expressed as 

mg/g of sample.

3.9.2 Total free amino acids

Amino acid concentration in leaves of the sample plants was estimated by 

using ninhydrin method described by Moore and Stein (1948) and expressed as 

mg g’1 plant sample.

3.9.3 Estimation of Catalase in leaf

Catalase (CAT) activity was estimated by permanganate titration method of 

Barber (1980). The activity of the catalase was expressed in enzyme units. One unit



Plate 3 .0bservations taken by using IRGA
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of catalase was defined as that amount of enzyme, which breaks down 1 p mol. of 

H2O2 / min.

3.9.4 Nitrate reductase activity

To estimate nitrate reductase activity in the leaf, the method suggested by 

Hageman and Flesher (1960) was followed. The nitrite formed was estimated by the 

method described by Nicholas et al. (1976), by measuring the absorbance of the pink 

colour at 540 nm using spectrophotometer and it was expressed in pmoles of N 0 2' 

formed g' 1 fresh weight hr'1.

3.9.5 Total phenols

Phenol content was estimated by the method suggested by Malick and Singh 

(1980). The phenol content was expressed in mg g' 1 of plant sample. Standard 

solution was prepared with catechol and absorbance taken at 650 nm.

3.9.6 Proline content

Proline content was determined' by the method of Bates et al. (1973) and 

expressed as mg/g plant tissue. Absorbance was taken at 520 nm.

3.10 Yield attributes and yield

3.10.1 Number of productive tillers

The number of productive tillers in 0.25 square meter area of each 

experimental plot at harvesting stage was counted and recorded, using a 50m X 50m 

quadrat and multiplied by 4 to express the value as tillers/m2.
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3.10.2 Number of spikelets per panicle

The number of spikelets was counted from five plants collected randomly 

from each plot and and the average worked out.

3.10.3 Number of filled grains per panicle

The number of filled grains was counted from five plants collected randomly 

from each plot and the average worked out.

3.10.4 Chaff percentage

Randomly selected five plants from each plot were collected and the chaff 

grains per each panicle were worked out.

3.10.5 Thousand grain weight

One thousand grains were counted from the produce of each plot and their 

weights were recorded in grams.

3.10.6 Grain and straw yield

The crop harvested from each replication was threshed, winnowed and 

weighed seperately. The straw and grain weight were recorded and expressed in 

kg/ha.

3.11 Observation on weeds

3.11.1 Weed count

Species wise weed count was taken using a 50cm x 50cm (0.25 m ) quadrat. 

The quadrat was placed at random and samples were taken from each plot at 60 days 

and were reported as number/m2.
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Plate 4. Field observations



3.11.2 Biomass of weeds

The weeds uprooted from the quadrat at 60 days were cleaned, air dried and 

then oven dried at 80±5°C. The dry weight was recorded in kg/ha

3.12 Data analysis

The data were subjected to analysis of variance using the statistical package 

‘MSTAT-C’ (Freed, 1986). Data on weed biomass, which showed wide variation, 

were subjected to square root transformation V(x+0.5) to make the analysis of 

variance valid (Gomez and Gomez, 1984). Multiple comparisons among treatment 

means, where the F test was significant (at 5% level) were done with Duncan’s 

Multiple Range Test (DMRT).





4. Results

The present investigation aims to study the effects of ALS inhibitors and 

ACCase inhibiting herbicides on the physiological, biochemical and morphological 

parameters of rice. The results of the investigation are given below.

Table 3. Physiological and biochemical param eters of rice seedlings before 

application of herbicides (14 days)

Parameter Mean Standard error

LAI 0.17 0.01

Chlorophyll'a' (mg/g) . 1.710 0.08

Chlorophyll'b' (mg/g) 0.845 0.11

Total chlorophyll (mg/g) 3.14 0.06

Total soluble protein(mg/g) 27 3.44

Proline content (mg/g) 0.05 0.007

Nitrate reductase enzyme activity 

(pmoles of NO2' formed g' 1 fresh 

weight hr'1)

.340 10.66

IAA content ( mg of unoxidised 

auxin/g)

0.729 0.01

Total phenol content (mg/g) 1.74 0.01

Net photosynthesis (p mole CO2 

m 'V )

35 2.66

Stomatal conductance (mol 

H jO m 'V 1)

1.13 0.05

Catalase enzyme activity 

(units/gm)

9.6 0.59

Total amino acid content (mg/g) 10 1.63
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Biochemical and physiological parameters of the rice seedlings were taken on 

the 14th day before application of herbicides. 15 seedlings were collected randomly 

from different plots and the results of the estimation are given above.

LAI was observed in the range 0 .16-0 .18 . Chlorophyll ’a' was observed in 

’ the range of 1.702 - 1.718. Chlorophyll 'b' was 0.834 - 0.856 and total chlorophyll 

was 3.08 - 3.20 mg/g. On the 14th day 'the range of total soluble protein was 

observed as 23.56 - 30.44 mg/g and the range of proline content was 0.043 - 0.057 

mg/g and the range of IAA content was recorded as 0.728 - 0.730mg of unoxidised 

auxin/g. The range o f phenol content was observed as 1.73 -1.75 mg/g and the range 

of net photosynthesis was observed as 32.34 - 37.66 p. mole C 0 2 / m V ,  stomatal 

conductance was 1.08 - 1.18 mol H20  m'V, catalase enzyme activity 9.01 - 10.19 

units/g and the range of total amino acid content was recorded as 8.37 - 11.63mg/g.

4.1.1 Plant height

The herbicides were applied on the 15th day and plant height was recorded on 

30th, 45th, 60th, 75th, 90th andl05th day. The results revealed that 15 days after the 

herbicide application there was significant variation in plant height between the hand 

weeded and herbicide applied plots. The highest plant height was recorded in the 

Hand weeded plot (53.35 cm). This was on par with the plants in the Bispyribac 

sodium applied (53.20 cm) plot. There was significant reduction in plant height in all 

other herbicide treatments. Maximum reduction was observed in Fenoxaprop (49.40 

cm) applied plot. By the 45lh day there was a slight improvement in plant height and 

it was on par with other herbicide treatments excluding Bispyribac sodium (63.45) 

which was significantly superior. By the 60th day the height of plants in the plots 

applied with Fenoxaprop, Metamifop, Azimsulfuron and Almix showed significant 

reduction as compared to Hand weeded, Bispyribac and Cyhalofop applied plots. By 

the 75th day there was improvement in the Eenoxaprop and Metamifop applied plots 

but the height of the plants in the Azimsulfuron and Almix plot showed significant

26
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reduction. This trend continued till at harvest time. Plant height in all the herbicide 

applied plots were significantly inferior to Hand weeded plot. However, among the 

herbicide treated plots the height of the plants in the Azimsulfuron, Almix and 

Fenoxaprop plots were significantly inferior to other herbicides (Table 4).

The summary analysis of variance (Appendix II) of height indicated that there 

was no significant difference between the ACCase and ALS herbicide groups. 

Among the ACCase herbicides Cyhalofop showed maximum values compared to 

Metamifop and Fenoxaprop. Among the ALS herbicides Bispyribac showed less 

reduction in height than Azimsulfuron and Almix.

Table 4. Effect of herbicides on plant height (cm) at different intervals

Treatm ent 30 days 45 days 60 days 75 days 90 days 105 days

Cyhalofop 50.7bc 62.12b 81.10bc 96.07b 102.90° 108.50°

Fenoxaprop 49.40° 61.40b 80.45° 95.45b° 101.70d 106.0°

Metamifop 50.02bc 62.00b 80.65° 95.20b° 102.40°d 107.4d

Bispyribac 53.20a 63.45a 82.07b 97.20a 104.50b 109.6s

Azimsulfuron 50.97b 61.87b 80.12° 94.70° 101.20° 105.3°

Almix 50.52bc 61.05b 80.05° 94.80° 101.90d 105.6°

Handweeded 53.35a 64.0a 84.053 97.55a 105.30a 112. la

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.1.2 Num ber of tillers

Data regarding the effect of various treatments on tiller number / m2 of rice 

plants at different intervals are given in Table 5. On the 30th day maximum tiller 

number / m was observed in Hand weeded control (256) followed by Bispyribac 

(242) applied plot. The minimum was recorded in Fenoxaprop applied plot (229). By
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the 45th day , maximum tiller / m2 was noticed in Hand weeded (441) which was on 

par with Bispyribac sodium (438).

Minimum tiller number / m2 was observed in Azimsulfuron (419). By the 60th day 

rice plants in hand weeded plot (536) showed more tiller number /  m2 followed by 

Bispyribac sodium (534). Almix application had the least number o f tillers (514). By 

the 75th day, the tiller decline was observed in all the treatments. Maximum tillers / 

m was seen in the Hand weeded plot (435). followed by Bispybac (430). Minimum 

was observed in Azimsulfuron (414) and Almix (414) applied plots. By the 90th day, 

Hand weeded treatment showed more number of tillers (369) followed by Bispyribac 

sodium. (362). Azimsulfuron showed less tillers / m2 (346). By the 105th day, Hand 

weeded (351) showed more number o f tillers which was on par with Bispyribac (346) 

and Cyhalofop (338). Azimsulfuron had the least number of tillers / m2 (329) at the 

time of harvest.

The summary analysis of variance (Appendix II) of tiller number indicated 

that there was no significant difference between the ACCase and ALS herbicide 

jroups. Among the ACCase herbicides Cyhalofop showed maximum values 

compared to Metamifop and Fenoxaprop. Among the ALS herbicides Bispyribac 

showed less reduction in tiller number than Azimsulfuron and Almix.
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Table 5. Effect of herbicides on tiller number/m2 at different intervals

Treatm ent 30 days 45 days 60 days 75 days 90 days 105 days

Cyhalofop 239bc 433ab 526bc 422bc 358b 338a

Fenoxaprop 229de 424bc 517d 416C 349cd 333bc

Metamifop 234cd 428bc 520cd 420c 355bc 336bc

Bispyribac 242b 43 8a 534ab 430ab 362ab 346a

Azimsulfuron 227e 419c 515d 414= 346d 329c

Almix 232e 423c 514d 414c 348cd 33 l bc

Handweeded 256a 441a 536a 435a 369a 351a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.1.3 Days to flowering

Data regarding the effect of various treatments on days to flowering are given 

in Table 6. Herbicide application resulted in a slight delay in days to flowering. 

Flowering was observed by the 64.75 days in Hand weeded plot but it was delayed by 

2 days in Azimsulfuron applied plot (66.75 days) followed by Almix (66.25).

Table 6. Effect of herbicides on days to flowering (Days)

Treatm ent Days to flowering

Cyhalofop 65.50bc

Fenoxaprop 65.75b

Metamifop 66.00ab

Bispyribac 65.50bc

Azimsulfuron 66.75a

'Almix 66.25ab

Handweeded 64.75c

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.



4.1.4 Leaf area index

Herbicides were applied on the 15th day and leaf area index was recorded on 

15th, 30th, 45th, 60th, 75th, 90th and 105th day. By the 30th day, Hand weeded control 

showed more leaf area index (2.06) which was significantly superior to Bispyribac 

sodium (1.89) applied plot. Azimsulfuron (1.66) and Fenoxaprop (1.66) showed least 

leaf area index. On the 45th, 60th and 75th day the same trend was seen. By the 90th 

day leaf area index showed, uniform decline but the treatment effect continued. 

Application of herbicides resulted in a significant reduction in LAI as compared to 

the Hand weeded plots. However, LAI in herbicide treated plots was on par with each 

other (Tab le7).
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Table 7. Effect of herbicides on LAI at different intervals

Treatm ent 30 days 45 days 60 days 75 days 90 days 105 days

Cyhalofop 1.8 l bc 3.44c 4.33c 5.27c 2.98b 1.77b

Fenoxaprop 1.66d 3.37cd 4.20de 5.15de 2.85cd 1.72b

Metamifop 1.76cd ,3.41c 4.26cd 5.21cd 2.89c 1.74b

Bispyribac 1.89b 3.63b 4.52b 5.45b 3.06b 1.86b

Azimsulfuron 1.66d 3.30d 4.13e 5.03' 2.79cd 1.75b

Almix 1,73cd 3.36cd 4.19de 5 .10C| 2.81d 1.76b

Handweeded 2.06° 3.75“ 4.67a 5.77a 3.15° 1.90a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.1.5 Crop growth rate

The data pertaining to crop growth rate for different intervals are indicated in 

(Table 8). There was not much variation between the treatments for 15-30 and 30-45 

days. However, there was significant variation in the crop growth rate at 45-60 days 

as well as 60-75 days. Minimum CGR was recorded in the case of Azimsulfuron 

(3.058) followed by Almix (3.157) applied plot which were significantly inferior to
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all other treatments. The Hand weeded plot showed the highest CGR values (3.783). 

However, during 60-75 days the CGR value for the Hand weeded plot (4.861) was 

significantly superior to all other herbicide treated plots. Among the herbicide treated 

plot the CGR in the Bispyribac (4.262) applied plot followed by the Cyhalofop 

(3.757) and Metamifop (3.602) applied plots were significantly higher than the CGR 

for the Almix (3.371) applied plot.

Table 8. Effect of herbicides on crop growth rate (mg cm"2 d '1)

Treatment 15-30

days

30-45

days

45-60

days

60-75

days

75-90

days

90-105

days

Cyhalofop 1.230 2.322 3.577abc 3.757c 0.800 0.500

Fenoxaprop 1.191 2.271 3.452bc 3.488cd 0.630 0.460

Metamifop 1.217 2.283 3,589abc 3.602c 0.580 0.300

Bispyribac 1.308 2.229 3.653ab 4.262b 0.760 0.410

Azimsulfuron 1.089 2.103 3.058d 3.57 lcd 0.400 0.430

Almix 1.132 2.181 3.157c 3.371d 0.580 0.320

Handweeded 1.473 2.390 3.783a 4.861a 1.140 0.400

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.1.6 Relative growth rate

Estimation of relative growth rate of the rice plant (Table 9) indicated that 

there was no variation due to the herbicide application for RGR during 15-30, 30-45 

and 45-60 days. However there was significant variation in the relative growth rate at 

60-75 days. The maximum relative growth rate was observed in the hand weeded 

(33.621) plot. Among the herbicide treatments Almix (25.539) showed maximum 

reduction in RGR and this was significantly lower than all other herbicide treatments.
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Table 9. Effect of herbicides on relative growth rate (mg g' 1 d '1)

Treatm ent 15-30

days

30-45

days

45-60

days

60-75

days

75-90

days

90-105

days

Cyhalofop 195.797 68.383 46.515 29.868b 4.652 2.778

Fenoxaprop 192.376 70.116 45.466 27.752BC 3.903 2.706

Metamifop 195.182 68.041 46.409 27.158bc 3.510 1.742

Bispyribac 203.923 61.813 46.892 30.016s 4.192 2.147

Azimsulfuron 188.133 69.068 44.100 27.018hc 2.656 2.732

Almix 190.561 69.062 46.483 25.539° 3.779 1.999

Handweeded 205.898 62.036 43.987 33.621“ 5.919 1.958

In a column, means'followed by common letters do not differ significantly at 5% 
level by DMRT.

4.1.7 Net assimilation rate

Estimation of net assimilation rate indicated that in 15-30 days and 30-45 days 

there was no significant difference between the treatments. However, there was 

significant difference in the net assimilation rate at 45-60 days as well as 60-75 days. 

Hand weeded plot showed significantly higher net assimilation rate (0.455) at 45-60 

days which was on par with the Bispyribac (0.435) and Cyhalofop (0.450) applied 

plots. Azimsulfuron (0.398) showed least net assimilation rate. By 60-75 days 

handweeded control showed more net assimilation rate (0.451) followed by 

Bispyribac applied plot (0.414). Almix showed least net assimilation rate (0.330) 

(Table 10).
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2 1Table 10. Effect of herbicides on net assimilation ra te  (mg cm' d’ )

Treatm ent 15-30

days

30-45

days

45-60

days

60-75

days

75-90

days

90-105

days

Cyhalofop 0.854 0.441 0.450“ 0.379bc 0.094 0.045

Fenoxaprop 0.852 0.453 0.44 lab 0.36 lcd 0.073 0.055

Metamifop 0.838 0.441 0.437ab 0.368cd 0.067 0.050

Bispyribac 0.928 0.403 0.453“ 0.4 0.060 0.068

Azimsulfuron 0.781 0.424 0.398c 0.377bc 0.060 0.045

Almix 0.790 0.428 0.412bc 0.330d 0.066 0.050

Handweeded 0.857 0.409 0.455a 0.451“ 0.142 0.068

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.2 Phytotoxicity screening

Table 11. Visual phytotoxicity screening of rice plant

Treatm ent G rade (0-10 scale)
Cyhalofop 0

Fenoxaprop 0
Metamifop 0
Bispyribac 0

Azimsulfuron 0
Almix 0

Handweeded 0

Phytotoxicity screening was done on three days after application and no visible 

symptoms were observed in any of the herbicide applied plots (Table 11).
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4.3 Biochemical param eters

4.3.1 Chlorophyll content

Data on chlorophyll content in rice is given in the Table 12 and 13. One week 

after herbicide application there was significant difference in the chlorophyll content 

.of leaves in the herbicide treated and Hand weeded plots. The maximum reduction in 

chlorophyll 'a' was observed in Azimsulfuron (2.43) followed by Almix (2.48). 

Cyhalofop (2.67) and Bispyribac (2.71) application also reduced the chlorophyll ’a' 

content of rice which was significantly lower than Hand weeded plot (2.80) but 

superior to other treatments. After flowering Handweeded applied plot (1.66) had 

more chorophyll 'a' which was on par with Bispyribac applied plot (1.62). 

Azimsulfuron showed least chlorophyll 'a' content (1.49).

One week after application the chlorophyll 'b' content in the Bispyribac 

applied plot (1.06) was on par with the Hand weeded plot (1.08). Cyhalofop (0.87), 

Fenoxaprop (0.83) and Metamifop (0.84) application showed similar results and they 

were all on par and significantly inferior to Hand weeded and Bispyribac application 

but significantly superior to Azimsulfuron and Almix applied plot. After flowering 

Hand weeded plot (0.77) showed more chorophyll 'b' which was followed by 

Bispyribac sodium applied plot (0.70). Azimsulfuron (0.52) and Almix (0.52) showed 

least chlorophyll ’b1 content.

One week after application Hand weeded plot showed more total chlorophyll 

(3.88) which was followed by Bispyribac sodium applied plot (3.77). Azimsulfuron 

showed least total chlorophyll content (3.20). After flowering same trend was seen in 

total chlorophyll content.

The summary analysis of variance (Applendix III) of chlorophyll 'a1, 'b' and toatal 

chlorophyll indicated that there was no significant difference between the ACCase 

and ALS herbicide groups. Among the ACCase herbicides Cyhalofop showed

34
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maximum values compared to Metamifop and Fenoxaprop. Among the ALS 

herbicides Bispyribac showed less reduction than Azimsulfuron and Almix. However 

the reduction in the in the case o f chlorophyll ' b' was almost uniform in the case of 

ACCase inhibiting enzyme group.
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Table 12. Chlorophyll content of rice (mg/g fresh wt) 7 DAH application

Treatm ent Chlorophyll'a' Chlorophyll'b' Total Chlorophyll

Cyhalofop 2.67° 0.87“ 3.55“

Fenoxaprop 2.55cfl 0.83b““ 3.39d

■ Metamifop 2.65““ 0.84“c 3.48cd

Bispyribac 2.7l “ ■ 1.06a 3.77“

Azimsulfuron 2.43“ 0.77“ 3.20“

Almix 2.48de 0.79““ 3.27“

Handweeded 2.80a 1.08“ 3.88a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.
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Table 13. Chlorophyll content of rice (mg/g fresh wt) at the time of flowering

Treatm ent Chlorophyll’a' Chlorophyll’b' Total Chlorophyll

Cyhalofop 1.57b 0.60c 2.18c

Fenoxaprop 1.49c 0.55cd 2.05de

Metamifop 1.52c 0.59cd 2.12cd

Bispyribac 1.62a 0.70b 2.33°

Azimsulfuron 1.49c 0.52° 2.03e

Almix 1.53bc 0.52d 2.06de

Handweeded 1.66a 0.77a 2.44“

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

'4.3.2 Total soluble protein

Data regarding the effect of various treatments on total soluble protein in rice plants 

at different intervals are given in Table 14. Hand weeded control showed more total 

soluble protein content (40.80) which was on par with Bispyribac sodium applied plot 

(40.65). Fenoxaprop (32.90), Azimsulfuron (33.15) and Almix (34.75) showed less 

total soluble protein which was significantly lower than the other herbicide 

treatments. After flowering, Hand weeded treatment had more total soluble protein 

content (28.8) which was followed Bispyribac treatment (27.10). The plants in the 

Azimsulfuron applied plots had the least protein content (24.45) which was 

significantly lesser than all other treatments.

The summary analysis of variance (Applendix III) of soluble protein indicated 

that there was no significant difference between the ACCase and ALS herbicide 

groups. Among the ACCase herbicides Cyhalofop showed maximum values. Among 

the ALS herbicides Bispyribac showed less reduction than Azimsulfuron and Almix.
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Table 14. Effect of herbicides on total soluble protein content (mg/g) in rice plant

Treatm ent 7D A H At flowering

Cyhalofop 35.60b 26.70b

Fenoxaprop 32.90c 25.35°

Metamifop 34.90bc 25.85°

Bispyribac 40.65s 27.10b

Azimsulfuron 33.15c 24.45d

Almix 34.75bc 25.52°

Handweeded 40.80s 28.8s

In a column, means- followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.3 Proline accumulation

Data regarding the effect of various treatments on proline accumilation of rice 

plants at different intervals are given in Table 15. The proline content reduced 

uniformly with the stage of the crop. One week after application of herbicides the 

proline content o f the herbicide applied plots was significantly higher than the Hand 

weeded plot (0.080). Among the herbicide applied plots the proline content of Almix 

(0.125), Azimsulfuron (0.131) and Fenoxaprop (0.125) applied plots was 

significantly superior to others. Bispyribac sodium (0.084) followed by Cyhalofop 

butyl (0.098) showed lower values of proline. After flowering also the same trend 

was seen. Azimsulfuron had significantly superior values (0.091) than all other 

treatments.

The summary analysis of variance (Applendix III) of proline content indicated 

that there was no significant difference between the ACCase and ALS herbicide 

groups. Among the ACCase herbicides and ALS herbicides there was no significant 

difference in the proline content.
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Table 15. Effect of herbicides on proline content (mg/g) in rice plant

Treatm ent 7D A H At flowering

_ Cyhalofop 0.098° 0.075b

Fenoxaprop 0.125a 0.078b

Metamifop 0.109b 0.076b

Bispyribac 0.084d 0.062°

Azimsulfuron 0.13 l a 0.091a

Almix 0.125a 0.079b

Handweeded 0.080d 0.055°

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.4 Nitrate reductase enzyme activity

Data given in (Table. 16) shows that one week after herbicide application 

nitrate reductase enzyme activity had gradually increased. Hand weeded plot (493.7) 

showed more nitrate reductase enzyme activity followed by Bispyribac sodium 

(450.0) applied plot. Azimsulfuron showed the least enzyme activity (365.0). After 

flowering the nitrate reductase enzyme activity declined uniformly. However the 

variation among treatments followed a similar trend and Hand weeded plot (373.2) 

showed more enzyme activity which was followed by Bispyribac sodium plot 

(355.2). Azimsulfuron applied plot (303.7) had the least nitrate reductase enzyme 

activity.

Summary analysis of variance of nitrate reductase enzyme (Appendix IV) 

activity indicated that there was no significant difference between the groups. Among 

the ACCase ase group Cyhalofop showed more nitrate reductase enzyme activity. 

Among the ALS herbicide group Bispyribac showed more nitrate reductase enzyme 

activity.
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Table 16. Effect of nitrate reductase enzyme activity in rice plant (p. moles of 

NO2" formed g' 1 fresh weight hr"1)

Treatm ent 7DAH At flowering

Cyhalofop 407.5C 335.0C

Fenoxaprop 390.0cd 310.5de

Metamifop 397.5cd 325.0cd

Bispyribac 450.0b 355.2b

Azimsulfuron 365.0d 303,7e

Almix 372.5cd 308.5e

Handweeded 493 T 373.2a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.5 IAA content

Herbicide application significantly affected the IAA content of the plant and 

they were significantly lower than the Hand weeded plot (0.884) (Table 17). However 

the Bispyribac applied plot showed maximum IAA content (0.847) which was 

followed by the Cyhalofop (0.822), Metamifop (0.809) and Fenoxaprop applied plots 

(0.806). After flowering Bispyribac plot IAA content (1.109) improved and it was on 

par with the Hand weeded control (1.122). Lowest value was seen for Azimsulfuron 

(1.003) and Almix (1.006) applied plots.

Summary analysis of variance of IAA (Appendix III) activity indicated that 

there was no significant difference between the groups. Among the ACCase group 

Cyhalofop showed more IAA activity. Among the ALS herbicide group Bispyribac 

showed more IAA activity.
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Table 17. Effect of herbicides on IAA content in rice plant (mg of unoxidised

Auxin g'1 fresh weight)

Treatm ent 7 DAH At flowering

Cyhalofop 0.822bc 1.075b

Fenoxaprop 0.806bc 1.025cd

’ Metamifop 0.809bc 1.050bc

Bispyribac 0.847ab 1.109s

Azimsulfuron 0.788c 1.003d

Almix 0.803bc 1.006d

Handweeded 0.8843 1.122s

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.6 Total phenols

Estimation of phenol content in the rice plants one week after application revealed 

that the total phenol content of plants in the Hand weeded plot (2.761) was 

significantly higher than plants from the herbicide applied plots (Table 18). Among 

the herbicide treatments Bispyribac had higher phenol content (2.244) which was on 

par with Cyhalofop (2.009), Fenoxaprop (1.995) and Metamifop (1.856). The least 

values was observed in the Azimsulfuron (2.890) and Almix (2.969) applied plots. 

After flowering a similar trend was observed however the phenol content of the 

Bispyribac applied plot (3.316) was on par with the Hand weeded plot (3,372) and 

phenol content of the plants in the Azimsulfuron applied plot (2.890) was 

significantly lower than all other treatments.

Summary analysis of variance of Total phenals (Appendix IV) indicated that 

there was no significant difference between the groups. Among the ACCase group 

Cyhalofop showed more phenol activity. Among the ALS herbicide group Bispyribac 

showed more phenol activity.
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Table 18. Effect of herbicides on total phenol content (mg/g) in rice plant

Treatm ent 7 DAH At flowering

Cyhalofop 2.009bc 3.152°

Fenoxaprop 1.995b° 3.000bcd

Metamifop 1.856bc 3.095b°

Bispyribac 2.244b 3.316a

Azimsulfuron 1.764° 2.890d

Almix 1.794° 2.969cd

Handweeded 2.7613 3.372a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.7 Photosynthetic rate

The photosynthetic rate showed variation among treatments (Table 19). One week 

after application of herbicides the Hand weeded (44.3) and Bispyribac (42.79) 

applied treatments were on par and significantly higher than other treatments. 

Cyhalofop (41) and Metamifop (40.15) were on par. However Fenoxaprop (39.96), 

Almix (38.4) and Azimsulfuron (39.4) application significantly reduced the 

photosynthetic rate of the plants.

Summary analysis of variance of (Appendix III) photosynthetic rate indicated 

that there was no significant difference between the groups. Among the ACCase 

group Fenoxaprop showed less photosynthetic rate. Among the ALS herbicide group 

Almix showed less photosynthetic rate.
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Table 19. Effect o f herbicides on photosynthetic rate in rice plants (p. mole CO2

m 'V 1)

Treatm ent 7 DAH

Cyhalofop 41bc

Fenoxaprop 39.96c

Metamifop 40.15bc

Bispyribac 42.79ab

Azimsulfuron 39.4C

Almix W OO 4
0̂

Handweeded 44.3a .

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.8 Stomatal conductance

Stomatal conductance was found to be influenced by herbicide application (Table 

20). Among the herbicides Bispyribac (1.29), Cyhalofop (1.28) and Metamifop (1.20) 

application were on par with Hand weeding plot (1.41). Fenoxaprop (1.04) and 

Metamifop (1.20) application were on par but they were significantly higher than 

Azimsulfuron (0.92) and Almix (0.92) application which showed the least value of 

stomatal conductance.

Summary analysis of variance of (Appendix III) stomatal conductance 

indicated that there was no significant difference between the groups. Among the 

ACCase group Fenoxaprop showed less stomatal conductance. Among the ALS 

herbicide group Almix showed less stomatal conductance.
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Table 20. Effect of herbicides on stomatal conductance in rice plants (mol
HjOm'V1)

Treatm ent 7 DAH

Cyhalofop 1.28a

Fenoxaprop 1.04bc

Metamifop 1.20ab

Bispyribac 1.29a

Azimsulfuron 0.92c

Almix 0.92c

Hand weeded 1.4 l a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.9 Catalase enzyme activity

One week after application of herbicides Azimsulfuron applied plot showed 

more catalase activity (17.73) this was on par with Almix (17.20) applied plot which 

was significantly higher than other herbicide treatments (Table 21). Hand weeded 

(10.21) plot showed least catalase enzyme activity. After flowering Azimsulfuron 

(66.11) applied plot showed more catalase activity which was followed by Almix 

(63.96) applied plot. Hand weeded (53.21) plot showed least catalase enzyme 

activity.

Summary analysis of variance of (Appendix IV) catalase activity indicated 

that there was no significant difference between the groups. Among the ACCase 

group Fenoxaprop showed more catalase activity. Among the ALS herbicide group 

Azimsulfuron showed more catalase activity.
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Table 21. Effect o f herbicides on catalase enzyme activity in rice plant (Catalase 

enzyme units/g)

Treatments 7 DAH A t flowering

Cyhalofop 11.83bcd 6I.28bc

Fenoxaprop 13.98b 62.89b

Metamifop 12.90* 59.66c

Bispyribac 11.28cd 54.29d

Azimsulfuron 17.73a 66.i r

Almix 17.203 63.96ab

Hand weeded 10.21d 53.21d

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.3.10 Total amino acid content

Application of herbicide contributed to a significant reduction in the total amino acid 

content of the rice plant (Table 22). Among the herbicides Bispyribac (8.910), Almix 

(8.780) and Azimsulfuron (8.790) showed maximum reduction in the total amino 

acids and they were all on par and significantly lower than Hand weeded (12.280), 

Cyhalofop (11.895), Metamifop (10.505) and Fenoxaprop (10.425). Fenoxaprop 

treatment showed significant reduction in amino acid as compared to the other two 

herbicides. Observations taken after flowering indicated the Hand weeded plot 

j(9.415) showed maximum total amino acid content which was on par with Metamifop 

(8.935), Fenoxaprop (8.915) and Cyhalofop (8.890) applied plots. Azimsulfuron 

(8.730) and Almix (8.560) and Bispyribac (8.420) applied plots showed lower total 

amino acid content.

Summary analysis of variance of (Appendix IV) total amino acid indicated 

that there was no significant difference between the groups. Among the ACCase
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Table 22. Effect of herbicides on total amino acid content (mg/g) in rice plant

group Cyhalofop showed more amino acid acontent. Among the ALS herbicide group

there were no significant difference was observed.

Treatm ent 7 DAH At flowering

Cyhalofop 11.895a 8.890ab

Fenoxaprop 10.425b 8.915ab

Metamifop 10.505b 8.935ab

Bispyribac 8.910c 8.420b

Azimsulfuron 8.790c 8.730b

Almix 8.780c 8.560b

Hand weeded 12.280a 9.415a

In a column, means followed by common letters do not differ significantly at 5% 
level by DMRT.

4.4 Yield param eters

4.4.1 Number of productive tillers

The maximum number of productive tillers / m2 was recorded in Hand 

weeded treatment (351) which was on par with Bispyribac sodium (346) and 

Cyhalofop (338) applied plot. Plants in the Metamifop (336), Fenoxaprop (333) and 

Azimsulfuron (329) applied plots showed significant reduction in tiller number and 

they were all on par (Table 23).

Summary analysis of variance (Appendix V) of productive tillers showed that there 

was no significant difference between the,herbicide groups. Among the ACCase 

group Cyhalofop showed maximum productive tillers than Metamifop and 

Fenoxaprop. Among the ALS group Bispyribac showed maximum productive tillers 

than Azimsulfuron and Almix.



4.4.2 Number of spikelets

The number of spikelets / panicle ranged from 108.6 to 111. The maximum 

spikelets /panicle (111.0) was recorded in handweeded treatment which was on par 

with Bispyribac sodium (110.4), Fenoxaprop (110.1), Metamifop (109.8), Cyhalofop 

(109.7) and Azimsulfuron (109.3). Azimsulfuron showed least spikelets / panicle 

(108.6).

Summary analysis of variance (Appendix V) of spikelets showed that there 

was no significant difference between the herbicide groups. Among the ACCase 

group Cyhalofop showed maximum values than Metamifop and Fenoxaprop. Among 

the ALS group Bispyribac showed maximum values than Azimsulfuron and Almix.

4.4.3 Number o f filled grains

The number of filled grains/ panicle ranged from 100.8 to 105.6. The maximum filled 

grains / panicle was recorded in Hand weeded treatment (100.8) followed by 

Bispyribac sodium applied plot (103.7). Almix showed least number of filled grains / 

panicles (100.8).

Summary analysis of variance (Appendix V) of filled grains showed that there 

was no significant difference between the herbicide groups. Among the ACCase 

group Fenoxaprop showed the least values and among the ALS group Almix showed 

the least filled grains per panicle.

4.4.4 Chaff percentage

Chaff percentage in the Azimsulfuron applied plot was the highest (9.435). Plants in 

the Hand weeded plot had the lowest chaff percentage (6.313) which was on par with 

Metamifop (6.412) applied plot. Chaff percentages with all other herbicide treatments 

were on par.
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Summary analysis o f variance (Appendix V) of chaff percentage showed that there 

was no significant difference between the herbicide groups. Among the ACCase 

group Fenoxaprop showed the maximum values and among the ALS group 

Azimsulfiron showed the maximum chaff percentage.

Table 23. Effect o f herbicides on yield attributes

Treatment Productive

tillers/m2

Spikelets/panicle Filled

grains/panicle

Chaff

perbentage

1000 

grain wt 

(g)

Cyhalofop 338a 110.1at> 103.4b 7.063b 29.35bc

Fenoxaprop 333bc 109.7ab 102.4bc 7.710b 29.52ab

Metamifop 336bc 109.8ab 102.6bc 6.412c 29.49abc

Bispyribac 346a 110.4ab 103.7b 7.600b 29.53a

Azimsulfuron 331&c 108.6b 101.4cd 9.435a 29.34c

Almix 329c 109.3ab 100.8d 7.613b 29.46abc

Hand weeded 351“ 111.0a 105.6a 6.313c 29.58a

4.4.5 Grain yield

The highest grain yield o f 6.07 t / ha was recorded in Hand weeded plot followed by 

Bispyribac sodium applied plot (5.733) Azimsulfuron plot (4.950) recorded the 

lowest grain yield (Table 24).

Summary analysis of variance (Appendix V) of grain yield showed that there was no 

significant difference between the herbicide groups. Among the ACCase group 

Cyhalofop showed the maximum values than Metamifop and Fenoxaprop. Among 

the ALS group Bispyribac sodium showed the maximum grain yield compared to 

Azimsulfuron and Almix.
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4.4.6 Straw yield

Maximum straw yield was obtained from the Handweeded plot 7.913 t / ha followed 

by Bispyribac sodium applied plot (6.727). Lowest straw yield was obtained from the 

Azimsulfuron plot (5.975).

Summary analysis of variance (Appendix V) of straw yield showed that there 

was no significant difference between the herbicide groups. Among the ACCase 

group Cyhalofop showed the maximum values than Metamifop and Fenoxaprop. 

Among the ALS group Bispyribac sodium showed the maximum straw yield 

compared to Azimsulfuron and Almix.

48



49

Table 24. Effect o f herbicides on yield (t/ha)

Treatment Grain yield Straw yield

Cyhalofop 5.575c 6.552°

Fenoxaprop 5.137' 6.137cd

Metamifop 5.325fl 6.278°

Bispyribac 5.733° 6.727°

Azimsulfuron 4.950' 5.975d

Almix 4.988' 6.168c

Handweeded 6.037" 7.193°

4.5 Weed count

4.5.1 Studies on weeds

Major weed species found in experimental plot were grasses, sedges and 

broad leaved weeds. The grasses are Echinochloa colona, Echinochloa crusgalli, 

Echinochloa stagnina and Leptochloa chinensis.

Ludwigia perennis, Lindernia Crustacea, Monochoria vaginalis, Sphaeranthes 

indicus and Alternanthera sp. were the broad leaved weeds.

Fimbristylis mileacea, Cyperus iria and Cyperus dijformis were the sedges 

present. Species wise weed count was taken at 60 DAS and at harvest which is given 

in Table 25.
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The observations related to weed spectrum, that is, weed population and 

biomass of weeds from the experiment is furnished below.

Table 25. Effect of herbicides on weed count (No/m2)

Treatment Grasses Sedges Broad leaved weeds

Cyhalofop 1.9° 2.5C 2.9“

(3.2) (6.0) (8.5)

Fenoxaprop 2 . r 2 yabc 3.1“

(4.2) (7.2) (9.7)

Metamifop 2.2a 3.1“ 2.7“

(4.7) (9.2) (7.0)

Bispyribac 1.0C 1.4“ 1.4b

(0.7) (2.0) (2.2)

Azimsulfuron 2 . r b 1.8“b 1.9ab

(4.2) (4.0) (3.0)

Almix 2.0at> 1.4“ 1.0b

(3.7) (2.0) (0.7)

Hand weeded 0.7“ 0.7e 1.0b

(0.0) (0.0) (0.7)

G- Grasses, S- sedges, B- broad leaved weeds. *Vx+0.5 transformed values, 

Original values in parentheses. In a column, means followed by common letters do 

not differ significantly at 5% level in DMRT.

By 60 DAS, the lowest grass count was noticed in hand weeded plot. Among 

the treatments Bispyribac sodium applied plots showed least number of grass count 

and was free of sedges also. The highest population of sedges (14/m2) was registered 

in Metamifop applied plot as well as in Azimsulfiiron applied plot. In Hand weeded
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4.5.2 Biomass o f weeds removed

By 60 DAS, the lowest accumulation of dry weight of 38 kg/ha was noticed in Hand 

weeded plots followed by Bispyribac sodium with 125 kg/ha (Table. 26).

plot, broad leaved weed mainly Lindemia crustacea was present (8/m2). Among

herbicide treatment Fenoxaprop and Cyhalofop showed more broad leaved weeds.

Table 26. Effect o f herbicides on weed dry weight (kg/ha)

Treatment Weed dry weight

Cyhalofop 18.6b

(346)

Fenoxaprop 19.3“

(350)

Metamifop 18.2b

(340)

Bispyribac 11.2C

(125)

Azimsulfuron 12.5C

(152)

Almix 18.4b

(342)

Hand weeded 6.1d

(38)

^x+0^5 transformed values, Original values in parentheses. In a column, means 

followed by common letters do not differ significantly at 5% level by DMRT.
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5. Discussion

Chemical weed control is the easiest and economical option for controlling weeds in a 

cropped ecosystem. The new generation weedicides such as ALS and ACCase inhibitors are 

reported to be ecofriendly and target specific.

The main focus of the present investigation was to evaluate the morphological, 

physiological and biochemical changes on the rice plant by the application of ACCase and ALS 

inhibiting herbicides. An attempt is made from the results obtained to discuss the effect of these 

parameters on the yield and yield attributes of rice.

Phytotoxicity screening of the rice plant conducted 3 days after herbicide application 

revealed that these groups of herbicides caused no visual symptoms o f toxicity to the rice plant. 

This has been validated by the findings of Menon (2012).

5.1 Effect of herbicides on morphological characters

In the present study herbicide application resulted in a 2-4 percent reduction in height 

(Table. 4) and 1 to 6 percent reduction in tiller number (Table. 5) of rice plant at harvest as 

compared to plants in the Hand weeded plot. The Summary analysis (Appendix II) revealed 

that both ALS and ACCase inhibitors had similar effect on the rice plant. However the extent of 

suppression in morphological attributes depended on the chemical formulations. Menon (2012) 

and Mukherjee and Singh (2006) have also observed reduction in the height and tiller number of 

rice applied with the herbicides, Fenoxaprop (ACC) and Almix (ALS) as compared to Hand 

weeded control. The negative effect of ALS inhibitors on the plant height and tiller number may 

be due to the inhibiting effect of the chemical on amino acid production resulting in a decrease 

protein and enzyme synthesis leading to cessation of growth (Koschnick et ah, 2007). According 

Gonsolus and Curran (1996) in ACCase inhibitors, the active ingredients are absorbed by the 

leaves and translocated to the meristematic tissues through phloem. The process halts the growth 

of young developing leaves in susceptible plants by damaging the membrane structure of the 

cells in the meristematic region inhibiting cell division and extension of the growing point.
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5.2 Effect of herbicides on growth indices

Effect of herbicides on growth attributes viz., RGR, CGR and NAR indicated that at the initial 

and final stages of growth there was no significant difference between the treatments. However 

during the critical stages of growth i.e., at 45-75 DAS (Yoshida, 1981) significant variation was 

seen among the treatments for growth indices except RGR and they were all significantly lower 

than Hand weeded crop. For RGR significant variation was observed during 60-75 days. Total 

dry matter is influenced by CGR, RGR, LAI and NAR (Hunt, 1982). The crop growth rate is an 

important growth factor that reflects the assimilation capacity of the plant canopy which in turn 

depends on LAI and NAR (Aishy et al, 1976).

LAI was significantly lower in all the growth stages studied. The maximum reduction in 

LAI was observed on the 30th day (Table. 7). Among the herbicides, maximum reduction was 

observed in the Fenoxaprop and Azimsulfuron applied plots. This is as per the findings of Singh 

et al. (2013). They have reported that application of post emergent herbicides Phenoxaprop - p - 

ethyl and Sulfosulfuron has resulted in reduction in LAI of wheat as compared to untreated 

check. The drastic reduction in LAI would have affected the photosynthesis and dry matter 

accumulation in the plant. Chen and Black (1992) have reported that LAI is an important growth 

attribute that influences the photosynthetic efficiency and yield of the plant and can be used as 

reference tool for crop growth. The improvement in LAI during the later stages would have 

stabilized the dry matter accumulation process in the plant and hence subsequent variation in the 

CGR;NAR, and RGR was not significant. Among the ALS group, Bispyribac showed minimum 

reduction in both CGR and NAR. Among ACC group, Cyhalofop showed the minimum 

reduction in both CGR and NAR. This can be substantiated by the lower reduction in LAI by 

application of these chemicals. Despite sharing common modes o f action, herbicides are known 

to have different effects on plant species (Koschnick et al., 2007).

5.3 Effect of herbicides on physiological parameters

Physiological parameters like chlorophyll content, photosynthetic rate, stomatal 

conductance and LAA content showed no significant difference between the ACCase and ALS 

herbicide groups as per the summary analysis (Appendix III). Among the ACCase herbicides, 

Cyhalofop showed higher values compared to Metamifop and Fenoxaprop. Among the ALS
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herbicides, Bispyribac showed less reduction in physiological parameters than Azimsulfuron and 

Almix.

5.3.1 Chlorophyll content

Chlorophyll content is the most common indicator for various stresses and abnormal 

conditions to plant due to its simplicity and rapidity (Kim et al., 2008). In the present study 

herbicide application reduced the chlorophyll a, b and total chlorophyll content (Table. 12&13) 

of the rice plant. Significant reduction was seen one week after application as compared to the 

flowering stage. The results were in concurrence with the findings of Huang et al. (2006). They 

found that application of Bensulfuronmethyl (ALS) affect the biomass and total chlorophyll 

content in the shoots o f rice. The ACCase enzyme affects the plastid o f the chloropfast leading to 

a reduction in the chlorophyll content (Burton et al, 1987). The ALS enzyme affects the 

biosynthesis of amino acid and there by affecting the protein synthesis in plants (Ray, 1984). - 

Chloroplasts have their own DNA, mRNA and protein synthesizing machinery. The chlorophyll 

biosynthetic pathway is very complex and consists of more than a dozen steps (Taiz and Zeiger, 

1991). This might be the reason for the reduction in the chlorophyll content of the rice plant by 

the application of these herbicides.

5.3.2 Photosynthetic rate

Photosynthetic rate increases with stomatal conductance (Farquhar and Sharkey, 1982). 

The photosynthetic rate is also associated with the chlorophyll per leaf (Sestak, 1966.). 

Application of ALS and ACCase inhibiting herbicides has resulted in significant reduction in the 

photosynthetic rate and stomatal conductance of the rice plant. In grapes 34.5 percent decrease in 

photosynthetic rate due to application of post emergent herbicides has been reported by Tan et al. 

(2012). The effect o f the herbicides on the chlorophyll a, b and total chlorophyll content coupled 

with a decrease in stomatal conductance might have contributed to a reduction in photosynthetic 

rate of rice plants. Among the herbicides, Azimsulfuron and Almix applied plots had lower 

chlorophyll content in the leaves (Table no 12&13) and lower stomatal conductance (Table. 20) 

and this might be the reason for the lower photosynthetic rate. Photosynthetic rate is positively 

correlated to the yield (Fig. 2).



Treatments

□  - Hand weeded
■  - Bispyribac sodium
■  - Cyhalofop butyl
□  - Metamifop
■ - Fenoxaprop -p - ethylAzimsulfuron

Almix 
® - Azimsulfuron
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5.3.3 Stomatal conductance

Influence of stomatal conductance on grain yield is given in (Fig. 3). Stomatal 

conductance has a positive relationship with yield. Stomatal conductance regulates the entry of 

CO2 into the plant and there by the accumulation of dry matter in the plant (Taiz ad Zeiger, 

1991). The stomatal conductance of the rice plant was reduced significantly one week after 

application of herbicides. This result was in accordance with the observation of Oosterhuis el al. 

(1990). They found that application of Fenoxaprop reduced 35 percent stomatal conductance in 

rice plant. Among the herbicide applied plots maximum reduction was noticed in Almix and 

Azimsulfuron while minimum reduction was observed in the case of Bispyribac followed by 

Cyhalofop. Fayez (2000) reported that higher stomatal conductance results in high yield under 

good irrigation system.

5.3.4 IAA content

- The hormone Indole acetic acid is mainly produced at the shoot tip and moves basipetally 

to the root tip and induces cell division and cell elongation of the roots. It also serves as signaling 

molecule necessary for development of plant organs and coordination of growth (Taiz and 

Zeiger, 1991). IAA induced cell division and cell elongation subsequently affects plant growth 

and development (Sugawara et al, 2009). The ACCase enzyme inhibiting herbicides are 

reported to inhibit cell division and cell elongation of the growing tip (Snipes et al, 1984). The 

inhibition of IAA in the herbicide applied plots might have contributed to the reduction in the 

growth of the plants. IAA content of the rice plant was significantly reduced one week after 

herbicide application and at flowering stage uniformly for all the herbicides (Fig. 4). The IAA 

content in the Almix and Azimsulfuron applied plots was significantly lesser. However by the 

time of flowering the IAA content of Bispyribac applied plot were on par with Hand weeded plot 

followed by Cyhalofop. This might be the reason for better performance of plants applied with 

Bispyribac and Cyhalofop.

5.4 Effect of herbicides on biochemical parameters

The results of the summary analysis of variance between the groups of herbicides and 

Hand weeded control (Appendix IV) indicated that the biochemical parameters like soluble 

protein, phenols, nitrate reductase enzyme activity and amino acid content were significantly
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Fig. 4. Auxin content at 7 DAH and at the time o f flowering 

ACCase enzyme inhibitors ALS enzyme inhibitors

TI - Cyhalofop butyl T4 - Bispyribac sodium

T2 - Fenoxaprop - p -  ethyl T5 - Azimsulfuron

T3 -M etamifop T6 - Almix

T7 - Fland weeded 

7 DAH -  7 days after herbicide application
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lower for the herbicide applied plots as compared to Hand weeded plot. Among the ACCase 

inhibitors Cyhalofop showed higher values compared to Metamifop and Fenoxaprop in all the 

above parameters. Among the ALS enzyme inhibitors Bispyribac showed less reduction for all 

the above mentioned biochemical parameters. Proline content and catalase enzyme activity 

increased uniformly with herbicide application. However, these parameters were higher for those 

herbicides which showed maximum suppression in growth. The maximum value of these 

parameters was seen in Azimsulfuron and Almix applied plots.

5.4.1 Soluble protein

There was significant reduction in the soluble protein content one week after application 

of herbicides and at flowering stage. This result was in concurrence with the observation of 

Fedtke (1973). He observed that application of Metabenzthiazuron herbicide inhibited the protein 

content in rice as well as weeds. Kim et al. (2008) reported that leaf soluble protein is highly 

related to the content of Rubisco, a key enzyme of photosynthesis. The lowered leaf protein 

content reflects the decreased physiological activities in leaves including photosynthesis.

5.4.2 Proline content

There was significant increase in the proline content one week after application of 

herbicide and at flowering. This result is in concurrence with the observation of Ibrahim et al. 

(2004). They reported that combined applications of Fenoxaprop (ACCase) and Fluroxypyr 

increases the proline content in Maize. Panamarioviene et al. (1996) found that the application of 

Mecoprop increased the proline content in rye by 10-18 percent. Fayez and Kristen (1996) found 

that application of Chlorosulfuron (ALS), Norflurazon, and Triallate resulted in a reduction of 

root growth of Pisitm sativum, Phaseolus vulgaris and Vicia faba and attributed this to the 

increase in proline content in the plants. Accumulation of the amino acid proline in plants occurs 

when the plant is experiencing stress (Salisbury and Ross, 2001). In the present study plants 

sprayed with herbicides Almix, Azimsulfuron (ALS group) and Fenoxaprop, Metamifop 

(ACCase group) seem to accumulate more proline indicating (Fig. 5) that these chemicals 

induced greater stress to the plant resulting in yield reduction.
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5.4.3 Nitrate reductase enzyme activity

Garg (2013) reported that nitrate reductase is one of the most important enzymes in the 

assimilation of exogenous nitrate, the most available nitrogen to green plants growing in sotl. 

Activity o f the enzyme in plants gives a best estimate o f the nitrogen status o f the plant and ,s 

very often correlated with growth and yield. Among the biochemical parameters nitrate reductase 

enzyme activity was found to be a major factor that influenced the grain yield (Fig. 6). In the 

present study the maximum reduction in NRase was observed in the case of Almix and 

Azimsulfuron applied plots. Both these herbicides belong to the sulfonyl urea group. ALS 

inhibiting herbicide affects the protein metabolism in plants. Hence reduction of the enzyme to 

have a direct relationship with yield of rice. Photosynthesis is dependent on nitrogen assimilation 

as this process provides the building blocks for the synthesis of the proteins and pigments that 

comprise the photosynthetic machinery. Decrease in C 02 assimilation is accompanied by 

decrease in nitrogen assimilation which is due to the inhibition of the nitrate reductase enzyme 

(Nicholas et al, 1976). The nitrate reductase enzyme activity of the rice plant was reduced 

significantly one week after herbicide application and at flowering stage. The results were in 

concurrence with the observation of Singh et al. (2013). They found that the application of 

Phenoxyprop and Sulfosulfuron reduced the nitrate reductase activity in wheat.

5.4.4 Catalase enzyme activity

Catalase is a scavenging enzyme which removes the active oxygen species (Taiz ar

Zeiger, 1991) accumulating in the plant due to stress. Herbicide application has resulted in f

increase in the activity o f  catalase indicating that the plant has experienced stress which in tur

has contributed to the production o f active oxygen species in the rice plant. Those plants'whic

had htgher catalase activity with herbicide application had lower yield (Fig. 7) indicating tha

<g er catalase ac.,v,.y had a negative influence on yield attributes o f  rice. There was 
increase m the activity „ f  catalase enzyme in rice one *  “ »

flowering stage compared to Hand weeded p lo t, This
observation o f  Singh „  a l  (20)3) n  * .

— ron increased the cataiase e n z y l  I T ™  “

Fluroxypyr induced oxidative stress in plants triggered the activities o f  scav n j  ™  ^
SOD, catalase and peroxidase H en ,. • . scavenging enzymes like

peroxidase. Hence mcrease catalase activity indicated tl]at
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5.4.3 Nitrate reductase enzyme activity

Garg (2013) reported that nitrate reductase is one of the most important enzymes in the 

assimilation of exogenous nitrate, the most available nitrogen to green plants growing in soil. 

Activity of the enzyme in plants gives a best estimate of the nitrogen status of the plant and is 

very often correlated with growth and yield. Among the biochemical parameters nitrate reductase 

enzyme activity was found to be a major factor that influenced the grain yield (Fig. 6). In the 

present study the maximum reduction in NRase was observed in the case of Almix and 

Azimsulfuron applied plots. Both these herbicides belong to the sulfonyl urea group. ALS 

inhibiting herbicide affects the protein metabolism in plants. Hence reduction of the enzyme to 

have a direct relationship with yield of rice. Photosynthesis is dependent on nitrogen assimilation 

as this process provides the building blocks for the synthesis of the proteins and pigments that 

comprise the photosynthetic machinery. Decrease in C 02 assimilation is accompanied by 

decrease in nitrogen assimilation which is due to the inhibition o f the nitrate reductase enzyme 

(Nicholas et al, 1976). The nitrate reductase enzyme activity of the rice plant was reduced 

significantly one week after herbicide application and at flowering stage. The results were in 

concurrence with the observation o f Singh et al. (2013). They found that the application of 

Phenoxyprop and Sulfosulfuron reduced the nitrate reductase activity in wheat.

5.4.4 Catalase enzyme activity

Catalase is a scavenging enzyme which removes the active oxygen species (Taiz and 

Zeiger, 1991) accumulating in the plant due to stress. Herbicide application has resulted in an 

increase in the activity of catalase indicating that the plant has experienced stress which in turn 

has contributed to the production of active oxygen species in the rice plant. Those plants which 

had higher catalase activity with herbicide application had lower yield (Fig. 7) indicating that 

higher catalase activity had a negative influence on yield attributes of rice. There was significant 

increase in the activity of catalase enzyme in rice one week after application of herbicides and at 

flowering stage compared to Hand weeded plots. This result was in concurrence with the 

observation of Singh et al. (2013). They observed that the application of Phenoxyprop and 

sulfosulfuron increased the catalase enzyme activity in wheat. Lin et al. (2011) reported that 

Fluroxypyr induced oxidative stress in plants triggered the activities of scavenging enzymes like 

SOD, catalase and peroxidase. Hence increase in catalase activity indicated that application of
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herbicides may be contributing to oxidative stress in the plants. In the study Azimsulfuron 

contributed to maximum oxidative stress for the plants followed by Almix and Fenoxaprop.

5.4.5 Phenol content

In the rice seedlings the phenol content is reported to increase with the growth of the 

plant. Valentine et al. (2003) has reported that as plants grow, phenolics accumulates in the cell 

vacuoles, or polymerize to lignin, which strengthens the secondary cell walls. In the present 

study a significant decrease in the phenol content one week after application was observed for all 

the herbicides. However there was variation between the herbicide treatments. In Bispyribac 

applied plots the phenol content improved by flowering and was on par with Hand weeded 

control. This might have contributed to the better performance of Bispyribac as compared to 

other herbicides. Ibrahim et al. (2004) reported that combined application of Fenoxaprop and 

Fluroxypyr increased the phenol content in maize compared to unweeded control.

5.4.6 Amino acid content

There was significant decrease in the total amino acid content one week after application 

of herbicides and at flowering stage. This was in concurrence with the observation of Kim et al. 

(2008). They found that application of Bensulfuron-methyl slightly decreased amino acid content 

in rice. ALS inhibiting herbicides expressed significant reduction in amino acid content when 

compared to ACCase inhibitors. ALS inhibitors contribute to reduction in free amino acid 

content which may lead to altered levels of chlorophyll, protein and sugar content in the rice 

plant (Moreland et al., 1969).

5.5 Effect of herbicides on yield and yield parameters

The yield parameters of rice such as number of productive tillers, number of spikelets, 

and number of filled grains were significantly reduced in the herbicide applied plots. Among the 

yield attributes number of spikelets decides the grain number. The grain number is a major 

determinant of yield and is dependent on the partitioning efficiency of the plant (Sharma et al, 

2004). In the current study the spikelet number and filled grain were found to be significantly 

higher for the Hand weeded plot as compared to the herbicide applied plots. This was in 

concurrence with the observation of Menon (2012). She reported higher number of panicles/m2,
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filled grains per panicle which resulted in higher grain and straw yield in the hand weeded plot as 

compared to herbicide treated plots. In the present study, 5 to 17 percent reduction in grain yield 

and 6 to 17 percent reduction in straw yield of rice was observed by herbicide application. The 

lowest reduction in grain and straw yield was seen in the case of Bispyribac sodium (5 percent) 

followed by Cyhalofop butyl (7 percent). Petter et al. (2013) had reported that application of 

ALS inhibitors such as Penoxulam, Pyrazosulfuron and Bispyribac sodium had reduced the 

number of grains per panicle at the rate of 27 to 37 percent. The effect of ALS inhibiting enzyme 

on the biosynthesis of amino acid and photosynthesis (Ray, 1984) might be the major reason for 

the reduction in the yield attributes of rice. The ACCase enzyme affects carboxylation of acetyl 

CoA to form melonyl CoA which is the first step in the synthesis of fatty acid (Gronwaid, 1992). 

Melonyl CoA is an intermediate of a number of metabolic pathways. Hence inhibition of the 

ACCase enzyme will contribute to a disruption in the metabolic activities of the plant there by 

affecting the yield. The results of the summary analysis of variance between the groups of 

herbicides and Hand weeded control (Appendix V) indicated that the yield and yield parameters 

were significantly lower for the herbicide applied plots as compared to the Hand weeded control. 

There was no significant difference between the ACCase and ALS inhibitors. Among the 

ACCase group, Cyhalofop showed maximum yield and yield attributes compared to the other 

two herbicides. Among ALS inhibitors Bispyribac showed maximum yield. This might because 

of the faster recovery of the plants from the stress imposed by the application of these chemicals. 

The estimation of proline, and catalase content one week after application and at the time of 

flowering substantiate the findings (Table. 15 & 21). Several authors like Suganthi et al. (2005) 

and Subhalakshmi and Venkataramana (2009) reported an increase in yield and yield attributes 

due to hand weeding.

The biochemical parameters which contribute to yield such as nitrate reductase enzyme 

activity, phenol content, total soluble protein content and total amino acid content showed an 

initial decline when estimated one week after application of herbicide but by the time of 

flowering the Bispyribac treated plants showed drastic improvement and they recovered 

completely. The stress induced biochemical constituent’s proline content and catalase enzyme 

activity which showed an initial increase with herbicide application showed reduction by 

flowering time and were on par with the Hand weeded control. Cyhalofop was the next best 

chemical which showed better recovery.

59



I

5.6 Studies on weeds

5.6.1 ^Population and dry matter production of weeds

All herbicides were post emergent in action and were sprayed at 15 DAS. The weed 

count taken on 60 DAS revealed that among the herbicide applied plots, the weed population was 

lowest in Bispyribac sodium. Yadav et al. (2009) reported that this was due to the broad 

spectrum action of Bispyribac sodium. Azimsulfuron also a broad spectrum herbicides, was 

found less effective in the present study compared to Bispyribac sodium. Weed dry weight 

recorded on 60 DAS, showed minimum values for Hand weeded treatment followed by 

Bispyribac sodium applied plots. This corroborates with the findings of Rekha et al. (2002) who 

reported a lower weed dry matter production in Hand weeded control. Among the ACC ase 

group Cyhalofop was the next best performer giving good control of weeds. This might be 

because of the higher population of Echinochloa species in the hole lands. Joy et al. (1993) has 

also observed higher proportion of grasses as compared to sedges and broad leaved weeds in the 

hole lands. Sindhu (2008) compared the grasses, sedges and broad leaved weeds in rice in Kole 

lands and reported that among the grasses, Echinochloa spp. was the predominant one.

60





61

Herbicidal weed control is widely adapted in rice cultivation and recently many new 

herbicides are being introduced in the market. These herbicides are effective for the control of 

weeds and have helped to improve the profitability of rice cultivation. However, farmers have 

observed an inhibition in the growth of the rice plant after the application of the herbicides. The 

focus of the study has been to evaluate the morphological, physiological and biochemical 

changes in the rice plant by the application of different formulations of ACCase and ALS 

inhibiting herbicides on the rice plant and to identify the stage at which the inhibition is 

observed.

A field experiment was conducted in Alappad Kole from November 2013 to February 

2014, using the rice variety, Jyothi. The soil of the Kole lands is clayey in texture with pH 5.5 

and belongs to the soil order Inceptisol. The plot size was 15m2 (5mx3m). The treatments 

included 2 groups of hebicides ie., ACCase and ALS enzyme inhibitors. ACCase enzyme 

inhibitors were Cyhalofop butyl, Fenoxaprop-p-ethyl and Metamifop'. ALS enzyme inhibitors 

were Bispyribac sodium, Azimsulfuron and Almix. Hand weeding was the control for effective 

comparison. Hand weeding was done at 20 and 40 DAS. All herbicides in the study were post 

emergence in action and were sprayed at 15 DAS using knapsack sprayer at the recommended 

dosesl Visual phytotoxicity rating.of the crop was done on the third and seventh day after 

spraying. The crop was harvested during the fourth week of February after the grains were fully 

matured. After manual threshing, cleaning and drying, yield was expressed in t/ha.

Species wise weed count and weed dry matter production at 60 DAS were recorded. Plant 

height, numbers of tillers of rice, yield attributes like number of panicles, filled grains per 

panicle, test weight of grains, chaff percentage were taken. Grain as well as straw yields were 

recorded and expressed in t/ha. The present investigation came out with the following findings.

6.1 Effect of herbicides on physiological parameters

There was slight reduction in the physiological parameters like chlorophyll content, 

photosynthetic rate, stomatal conductance and IAA content compared to Hand weeded control 

plots.

6. Summary



The maximum chlorophyll content was noticed in the Hand weeded control plot 

compared to herbicide applied plots. Among the herbicide applied plots, Bispyribac applied plot 

showed maximum chlorophyll content compared to other herbicide treated plots.

Hand weeded plots showed the least reduction in photosynthetic rate, stomatal 

conductance and IAA content compared to all other treatments. Among the herbicide applied 

plots, Bispyribac showed the least reduction compared to all other herbicide applied plots. 

Azimsulfuron applied plot showed the maximum reduction in physiological parameters 

compared to other treatments.

6.2 Effect of herbicides on growth analysis

Effect o f herbicides on growth attributes viz., RGR, CGR and NAR indicated that at the 

initial and final stages of growth there was no significant difference between the treatments. 

However during the critical stages of growth 45-75 DAS significant variation was seen among 

the treatments except RGR and they were all significantly lower than Hand weeded crop. For 

RGR 60-75 DAS showed significant variation and Hand weeded showed maximum RGR.

The herbicides were applied on the 15th day and maximum reduction in LAI was noticed 

on the 30lh day in all the herbicide treated plots compared to Hand weeded plot. Among the 

herbicides maximum reduction was observed in the Fenoxaprop and Azimsulfuron applied plots.

6.3 Effect of herbicides on morphological observations

Hand weeded plots showed the least reduction in plant height and tiller number compared 

to herbicide applied plots. Among the groups, on the 60th day a significant difference was 

observed between the different herbicide formulations. In ALS enzyme inhibitors, plants in the 

Bispyribac applied plots showed least reduction in plant height (2 percent) as compared to 

Azimsulfuron and Almix (4 percent) applied plots. The reduction in tiller number followed the 

same trend. In the case o f ACCase inhibitors, the reduction in plant height and tiller number was 

significantly lower for Cyhalofop treated plants as compared to Fenoxaprop and Metamifop 

treated plants.
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6.4 Effect of herbicides on biochemical observations

The results of the summary analysis of variance between the groups of herbicides and 

Hand weeded control (Appendix IV) indicated that the biochemical parameters like soluble 

protein, proline, phenols, catalase, nitrate reductase enzyme activity and amino acid content were 

significantly different between the herbicide applied and Hand weeded control. However 

ACCase and ALS inhibitors were on par. Among the ACCase enzyme inhibitors, Cyhalofop 

showed maximum values compared to Metamifop and Fenoxaprop in all the parameters except 

in catalase enzyme activity and proline content. Among the ALS enzyme inhibitors Bispyribac 

showed maximum values for all biochemical parameters except catalase enzyme activity and 

proline content. Azimsulfiiron showed maximum catalase enzyme activity and proline content 

compared to other herbicides. Proline and catalase enzyme accumulate under stress. The results 

indicate that herbicide application induced stress in the plants.

6.5 Effect of herbicides on yield

Hand weeded plot showed maximum grain yield and straw yield compared to herbicide 

applied plots. Among the ALS enzyme inhibitors, Bispyribac applied plot showed the maximum 

grain and straw yield. Azimsulfuron and Almix showed the least grain and straw yield. Among 

the ACCase enzyme inhibitors, Cyhalofop showed maximum grain yield and straw yield. 

Fenoxaprop and Metamifop showed least grain and straw yield.

6.6 Effect of herbicides on weeds

Cyhalofop, Fenoxaprop and Metamifop applied plots showed the maximum number of 

sedges and broad leaved weeds as compared to grasses. Almix controlled the sedges and broad 

leaved weeds. Bispyribac sodium controlled all types of weeds in the rice ecosystem. 

Azimsulfuron also a broad spectrum herbicide, was found less effective in the present study 

compared to Bispyribac sodium.

Conclusion

Herbicide application caused stress to the rice plant which in turn resulted in growth 

suppression during the critical period of growth 45-75 DAS. This resulted in a decrease in the 

biochemical constituents such as chlorophyll content, IAA, phenols, nitrate reductase enzyme
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activity, free amino acid content and soluble proteins and affected the physiological efficiency of 

the rice plant as seen from a reduction in the photosynthetic rate and stomatal conductance of the 

plant. This in turn resulted in a decrease in the yield attributing characters such as panicle 

number, grain number, 1000 grain weight, height and tiller number of rice. Among the 

herbicides, Bispyribac applied plot showed the least reduction in the above mentioned characters 

while Azimsulfuron applied plot showed the maximum reduction. Among the ACCase enzyme 

inhibitors, Cyhalofop butyl showed the least reduction.

Future line of work

The current study has been proposed to identify the effect of ACCase and ALS inhibiting 

herbicides on the physiological and biochemical factors that contribute to yield reduction in the 

plant. The results may be revalidated for confirmation and better management practices may be 

developed to improve the efficiency of the plant and nullify the negative effects of herbicide.

>  Such studies can be undertaken for other groups of herbicides.

>  Methods to mitigate the metabolic inhibition due to herbicide application may be 

developed.
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M onthly weather data during the cropping period at COH, Vellanikkara from Nov 2013 to Feb 2014

APPENDIX-1

(Latitude 10°31’N, Longitude 76°13’ and Altitude 40.29MSL)

Month Tem perature (°C) Relative 
Humidity (% )

Rainfall
(mm)

Mean 
evaporatio 
n (mm)

Rainy
days

Sunshine
hours

(hrs/day)

Mean 
wind speed 

(Km/hr)Maximum Minimum M orning Evening

November 32.6 23.9 87 60 82.0 2.7 5 187.2 3.0

December 31.9 22.3 77 45 0.5 2.4 0 254.7 5.5

January 32.9 23.0 66 36 0.0 4.6 0 277.6 6.9

February 34.7 22.9 75 37 0.0 9.1 0 240.8 4.5



APPENDEX-2

Summary ANOVA for comparing ACC ase and ALS enzyme inhibitors for morphological parameters

Source df Mean sum of squares

Height Tiller number

Bet ACC 2 22.33* 1225**

Bet ALS 2 137.3** 7600**

ACC/ALS 1 1.125 28.1

Treatments/control 1 349.6** 10214.7**



APPENDIX-3

Summary ANOVA for comparing ACC ase and ALS enzyme inhibitors for physiological parameters

Source df Mean sum of squares

Chlorophyll 'a' Chlorophyll 'b' Total
chlorophyll

Photosynthetic
rate

Stomatal
conductance

Auxin

Bet ACC 2 0.014* 0.002 ' 0.026* 143.25* 0.058* 0.0005*
Bet ALS 2 0.09** 0.105** 0.388**. 21.2** 0.181** 0.027**

ACC/ALS 1 0.8 0.00045 0.0018 0.036 0.107 0.00005
Treatment/control 1 0.12** 0.159** 0.325** 170.69** 0.308** 0.0019**

rf

APPENDIX-4

Summary ANOVA for comparing ACC ase and ALS enzyme inhibitors for biochemical parameters

Source df Mean sum of squares
Soluble
protein

Proline
content

Nitrate
reductase

Catalase enzyme 
activity

Total phenols Total amino acids

Bet ACC 2 7.0* 0.001 3358.3* 4.62* 0.0075* 2.733*

Bet ALS 2 29.18** 0.0025 14558.3** 51.23** 0.0665** 0.021

ACC/ALS 1 0.28 0.00005 42.6' 3.12 0.00245 21.12**

T reatment/control 1 92.06** 0.00995 46810.1** 87.93** 0.225** 30.9**



APPENDIX-5

Summary ANOVA for comparing ACC ase and ALS enzyme inhibitors for yield and yield attributes

Source df Mean sum of squares

Productive

tillers/m2

Spike lets/ 

panicle

Filled

grains/panicle

Chaff Test wt Grain yield Straw yield

Bet ACC 2 28* 0.236* 1.238* 1.6** 0.032 0.192** 0.178**

Bet ALS 2 91.58** 3.327* 9.556** 4 4 ** 0.040 0.779** 0.611**

ACC/ALS 1 0.18 0.125 0.32 0.6 0.00005 0.0072 0.00045

T reatments/contro 1 1 291.22** 7.72* 38.95** 13.3** 0.115 2.033** 2.68**
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Abstract

The study on “Morpho-physiological changes in rice due to application of 

selected post emergent herbicides” was conducted during 2013-2014 at Alappad kole 

lands in farmer’s field. The objective of the experiment was to study the 

morphological, physiological and biochemical changes in rice due to application of 

Acetyl CoA carboxylase and Acetolactate synthase enzyme inhibitors and their effect 

on growth and yield of rice.

The experiment was laid out in RBD with four replications and there were 

seven treatments comprising of three Acetyl CoA carboxylase enzyme inhibitors viz., 

Cyhalofop butyl, Fenoxaprop -p- ethyl and Metamifop and three Acetolactate 

synthase enzyme inhibitors viz., Bispyribac sodium, Azimsulfuron and Almix with 

Hand weeded as control. Herbicides were sprayed on 15 DAS. Observations on 

morphological, physiological, biochemical, yield attributes and yield of rice were 

recorded. Biochemical estimations were done on 7 days after herbicide application 

and at the time of flowering. Morphological characters were studied at 15 days 

interval.

Herbicide application resulted in a two to four percent reduction in height and 

one to six percent reduction in tiller number of rice plant at harvest as compared to 

plants in the Hand weeded plot. Effect of herbicides on growth attributes viz., RGR, 

CGR and NAR indicated that at the initial and final stages of growth there was no 

significant difference between the treatments. However during the critical stages of 

growth i.e., 45-75 DAS significant variation was seen. Among the herbicide 

treatments, Bispyribac sodium.followed by Cyhalofob butyl applied plots had higher 

values as compared to the other herbicides. Azimsulfuron applied plots had the 

lowest value for these parameters. Among the growth indices LAI showed significant 

reduction irrespective of the herbicide throughout the growth stages as compared to 

Hand weeded control.



The biochemical parameters such as nitrate reductase enzyme activity, phenol 

content, total soluble protein content and total amino acid content showed an initial 

decline when estimated one week after application of herbicide but by the time of 

flowering all the herbicide treated plants showed recovery. However the recovery was 

higher for Bispyribac sodium in the ALS inhibiting group and Cyhalofop in the 

ACCase inhibiting group.

Proline content and catalase enzyme activity showed increase with herbicide 

application as compared to Hand weeded control indicating that application of these 

chemicals may be imparting stress to the plant, however by flowering time in most of 

the treatments there was recovery. Among the treatments, plants in the Almix and 

Azimsulfuron applied plots showed less recovery.

The physiological parameters such as chlorophyll content, photosynthetic rate, 

stomatal conductance and IAA content showed decline when estimated one week 

after herbicide application. . In the case of chlorophyll content the recovery of the 

plant was comparatively less as compared to all other chemical constituents. 

Azimsufuron and Almix application contributed to maximum reduction in these 

constituents.

Weed count and weed dry weight was taken on 60 DAS. The lowest values 

were recorded in Bispyribac sodium treatment. Azimsulfuron also a broad spectrum 

herbicide, was found less effective in the present study compared to Bispyribac 

sodium.

In the present study, 5 to 17 percent reduction in grain yield and 6 to 17 

percent reduction in straw yield of rice was observed by herbicide application. 

Among the ALS enzyme inhibitors, the lowest reduction in grain and straw yield was 

observed in Bispyribac sodium treatment and maximum reduction was in 

Azimsulfuron treatment. Among the ACCase enzyme inhibitors, Cyhalofop butyl



showed least reduction in grain and straw yield of rice while fenoxaprop showed

maximum reduction.


