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CHAPTER1
INTRODUCTION

Chickpea (Cicer arietinum L.) is a member of the Fabaceae family and contributes
more than 20% to world pulse crop production (Dana et al 2000). Chickpea is an annual cool-
season crop, the plant that ranges in height from one to three feet. It has an indeterminate and
branched growth habit, erect or spreading, with hairy leaves, stems, and seed pods that secrete
highly acidic exudates. It typically has a bluish green or dark green color, but some types are
olive in appearance. Chickpea is a self-pollinated crop with flowers that are borne singly at
the tip of axillary branches and that vary in color from white to purple to faded blue. Its
cultivation is mainly concentrated in semi arid environments. Chickpea is the second most
produced pulse worldwide after dry beans (Garg et al 2016). It is cultivated in more than 51
countries in the world on area over 13.5 Mha with an annual global yield of about 967.6 kg/ha
that makes more than 20% of world pulse production (FAOSTAT 2015). India is the largest
producer of chickpea in the world, accounting for 67.02% of world’s population (Ghosh et al
2015). The other major chickpea growing countries include Turkey, Pakistan, Australia,
Ethiopia, Iran, Mexico, Canada and USA. This is basically a rabi crop, sown in months of
September-November and harvested in the months of February-April. Maturity period ranges
from 95-140 days after sowing.

Chickpea has the highest nutritional composition and is free from anti-nutritive
components compared to any other dry edible grain legumes (Mallikarjuna et al 2007). It is a
rich source of protein and carbohydrates and its protein quality is better than other legumes
such as pigeon pea, black gram and green gram (Papalamprou et al 2009). It is also rich in
fibre and minerals (phosphorus, calcium, magnesium, iron and zinc) and carotenoids (Abbo et
al 2005). Its lipid fraction is high in unsaturated fatty acids (Williams and Singh 1987).

The presence of weeds is one of the major constraints for low seed yield of chickpea.
Due to its initial slow growth and wide row spacing which provides ample scope for weed
infestation, it often suffers severe weed competition. Therefore, control of weeds during
critical period of crop weed competition is very important to avoid severe yield losses. Weeds
compete with crop mainly for space, solar radiation, nutrients, water and carbon dioxide.
Through competition, weeds damage crop and cause reduction in yield of the crop. Control of
weeds is a basic requirement and major component of management in most production
systems (Young et al 1994). Broadleaf control options in pulse crops such as chickpeas (Cicer
arietinum L.) are very limited. Weed management has been practiced through manual labor,
which is time consuming; therefore, chemical weed control was stimulated. The choice of
best herbicide, the proper time of application and proper dose is an important consideration

for lucrative returns (Fayed et al 1998). The advent of herbicides has been hailed as one of the



most important advances in agriculture (Pike 1991). In general, compared with other pulses,
chickpea develops relatively slowly when plants are young and it has an open canopy
architecture and low stature (Knights 1991). There were significant yield losses reported in
chickpea (up to 84%) due to weeds, more severely (up to 98%) in autumn-sown chickpea.
Therefore, Weed control with herbicides would be advantageous for optimizing input
efficiency in a particular crop, by reducing the population of weeds. Certain families of
herbicides may inhibit the process of photosynthesis. Others may inhibit the synthesis of
chlorophyll or amino acids vital to plant’s growth, still other groups may cause leaks to plant
cells resulting in plant kill.

Imazethapyr  (2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-
5-ethyl-3-pyridinecarboxylic acid) is an imidazolinone compound used as a selective
herbicide to control most annual grasses and certain broad-leaf weeds. This herbicide is
applied as pre-emergence and early post-emergence for control of annual and perennial grass
and broad-leaf weeds in chickpea and other legume fields. It inhibits the activity of
Acetolactate synthase (ALS), which is involved in the synthesis of the branched-chain amino
acids (leucine, isoleucine, and valine). ALS herbicides are readily absorbed by both roots and
foliage and translocated in both xylem and phloem to the site of action at growing points
(Peterson et al 2001). Chemical control through application of ALS-inhibiting herbicide
remains the method of choice for control of E. heterophylla in soybeans.

Carfentrazone-ethyl (a,2-dichloro-5-[4-(difluoromethyl)- 4,5-dihydro-3-methyl-5-
oxo-1H-1,2 4-triazol-1-yl]-4-fluorobenzenepropanoic acid, ethyl ester) is a phenyl
triazolinone herbicide that inhibits protoporphyrinogen oxidase (protox inhibitor)-PPO in the
chlorophyll biosynthesis pathway causing lipid peroxidation and membrane disruption and
ultimately kills sensitive weeds (Dayan et al 1997). Carfentrazone-ethyl is a new active
ingredient in the aryl triazoline class of chemistry and was discovered in Food Machinery
Corporation (FMC) laboratories. Carfentrazone-ethyl is sometimes referred to as a PPO
inhibitor.The herbicidal action on susceptible plants is rapid, depending on environmental
conditions, with initial symptoms appearing as quickly as one day after treatment and plant
mortality generally occurring within seven days of application. Carfentrazone-ethyl is
registered by the U.S. Environmental Protection Agency as a post-emergent herbicide in
wheat, barley, rye, oats, corn, soybean, rice, and for use in turf and ornamental sites.
Carfentrazone-ethyl is a post-emergence, broadleaf herbicide for use in winter cereals. It is a
rapid knockdown herbicide with activity observed 1 to 4 days after treatment. The product
degrades quickly in the soil and does not provide any residual activity against weeds.
Carfentrazone-ethyl belongs to the aryl triazolinone group and is included in group G for the
herbicide mode of action. (Nechet ef al 2008).

According to Willoughby et al (1996), use of herbicides must provide adequate weed



control without adversely affecting seedling emergence and survival. Tolerance of seedling to
herbicides is dependent on the herbicide dose, cultivar and environmental conditions
(VanGessel et al 2000). Once in the phloem and translocated to the site of action, the
Imidazolinone inhibit ALS, causing death of meristematic cells resulting in plant death (Little
and Shaner 1991). As photosynthesis did not decline in the short term, it is reasonable to
assume that the treated plants maintained sufficient photosynthetic carbon assimilation rates
to accumulate carbohydrates in both sources and in sinks (Zabalza et al 2004). The herbicide-
induced stress may be of short-term or long-lasting. Herbicides may affect plant’s physiology
by inhibiting photosynthesis or associated biochemical processes (Miyazawa and Yahata
20006). Better growth attributes caused more accumulation and translocation of photosynthates
by the crop, which resulted in more number and dry weight of nodules (Choudhary et al
2012).

Information regarding the Imazethapyr and Carfentrazone-ethyl herbicides’ tolerance
to chickpea is limited and physiology and biochemistry behind the tolerance of these
herbicides in chickpea is not clear. So attempt is made to understand the physiological
variations in herbicide tolerance in chickpea. Therefore, keeping in view of the above facts

the present investigation was undertaken with the following objectives:

1. Screening of chickpea genotypes for herbicide tolerance under field conditions.
2. To investigate morpho-physiological and biochemical traits associated with herbicide
tolerance



CHAPTER IT
REVIEW OF LITERATURE

Chickpea (Cicer arietinum L.) 1is a highly valued commodity being an important
source of proteins for human consumption in several developing countries (Zaccardelli et al
2013). Weeds are a constant problem in chickpea from years. Weeds not only compete with
crops for water, nutrients, sunlight, and space but also harbor insect and disease pests; clog
irrigation and drainage systems; undermine crop quality; and deposit weed seeds into crop
harvests. If left uncontrolled, weeds can reduce crop yields significantly. Farmers can fight
weeds with tillage, hand weeding, herbicides, or typically a combination of all techniques.
Unfortunately, tillage leaves valuable topsoil exposed to wind and water erosion, a serious
long-term consequence for the environment. For this reason, more and more farmers prefer
reduced or no-till methods of farming. Similarly, many have argued that the excessive use of
herbicides has led to groundwater contaminations, the death of several wildlife species and
has also been attributed to various human and animal illnesses. Herbicides are chemical
compounds used to kill or inhibit growth of undesirable plants (Quantick 1985). A successful
herbicide should be safe to the crop with reliable performance and must not be influenced by
soil or any environmental factors (Khair Eldin ef al 1980). Compared with alternative means
of weed control, such as mechanically weeding by hand or machine, herbicides are less
expensive, often safer (especially in forestry), faster, and sometimes more selective.

However, if herbicides are not used properly, damage may be caused to crop plants,
especially if high dose is used, or if spraying occurs during a time when the crop species is
sensitive to the herbicide. Unintended but economically important damage to crop plants is
sometimes a consequence of the inappropriate use of herbicides. The use of synthetic
herbicides for weed control is a common practice in modern agricultural systems. However,
herbicide effects can extend beyond the intended target species and influence non-target
organisms. The effects of herbicides were known by the type and rates of its application,
health and stage of plant growth, and other environmental variables. Kumar et al (2010)
reported that metsulfuron methyl alone or in combination of other herbicides 2, 4-D and
carfentrazone-ethyl gave effective control of broad leaf weeds and established the fact that
morphological changes and disturbances in cell division due to impact of both the herbicides
and their combinations.

Herbicide-tolerant (HT) crops offer farmers a vital tool in fighting weeds and are
compatible with no-till methods, which help preserve topsoil. They give farmers the
flexibility to apply herbicides only when needed, to control total input of herbicides and to
use herbicides with preferred environmental characteristics. Herbicides affect the vegetative

growth of plant in many ways. Herbicides also affects plant in terms of physiological and



biochemical processes. Generally herbicides are no toxic to plants if applied below label rate
but when applied in higher doses, it becomes lethal to plants. However, some plants tolerate
these herbicides on natural level. The growth stages and developmental stages are affected
with the application of herbicides.

Imidazolinones (IMIs) have been widely used for weed control because of the limited
soil persistence, favourable toxicological properties, and broad spectrum of weed control
(Hanson et al 2007). Greater uptake of imidazolinone herbicides by plants under conditions
of increased and excessive soil moisture, particularly, has been observed (Malefyt and
Quakenbush 1991). Toker et al (2012) experimented with induced mutation to develop IMI
resistant chickpea. The study was deemed successful when mutant C. reticulatum Ladiz had
no IMI herbicide injury compared to the susceptible parents. Imazethapyr may cause less
injury to lentil when applied below the label rate but lower doses are less effective in
controlling weeds (Blackshaw and Esau 1991). Taran et al (2010) demonstrated that natural
tolerance to imidazolinone herbicides exists in chickpea germplasm. The existence of
tolerance to imidazolinone herbicides was recorded in maize, wheat, rice, oilseed rape,
sunflower (Siyuan et al 2005) and field pea (Hanson and Thill 2001).

The mode of inheritance of tolerance to Acetolactate synthase (ALS) inhibiting
herbicides has been reported to be relatively simple with a single, dominant nuclear-gene in
some species (Van Eerd et al 2004) or a single, partially dominant gene in others (Kolkman et
al 2004). Tiwari et al (2007) observed that imazethapyr at 75 g/ha controlled only broad
leaved weeds in soybean. Application of imazethapyr at 0.10 kg/ha controlled the weeds most
effectively than other herbicides in summer irrigated black gram (Mishra and Chandrabhanu
2006).

The growth attributes are also affected by herbicides. Most of the physiological
processes viz., cellular respiration, hill reaction, leghaemoglobin content in nodules,
photosynthetic efficiency, lipid peroxidation, leaf area index have been influenced by
herbicides. The literature relevant is presented under the following headings:

2.1 Impact of herbicide stress on growth attributes
2.1.1 Phenological Changes

Plants display a variety of morphological symptoms in relation to herbicide
applications. The applied herbicides are known to accumulate in meristematic regions of a
plant, consequently affecting growth within a few days and causing chlorosis and
discoloration of young tissues within 1-3 weeks of application in susceptible species (Cobb
1992). Renner and Powell (1992) reported that imazethapyr applied POST caused 20% injury
in pinto bean. Sanders et al (1998) reported that sequential applications of imazethapyr at 70
g/ha resulted in 30% injury in rice plants. However, other studies conducted in New Mexico

and Alberta have shown that imazethapyr applied POST at 50 and 70 g ai ha' causes minimal



injury in pinto bean (Arnold ef al 1993).

Masson and Webster (2001) reported that injury in rice plants was less than 16%
when imazethapyr at 70 g/ha was applied to two- to three-leaf drill-seeded rice or water-
seeded rice at pegging stage (green leaf tissue emerged from the seed and the root has
extended downward into the soil). Lyon and Wilson (2005) evaluated chickpea crop for
damage with pre-emergence application of imazethapyr. The reduction in plant height,
chlorosis and delayed maturity was recorded when application rates were 0.053 kg a.i/ha.
However, a lower rate @ 0.026 kg a.i/ha applied in combination with sulfentrazone, reduced
injury symptoms to a commercially acceptable level.

The results of visual wheat injury at 15 days after herbicide applications (DAHA)
showed that 2, 4-D plus carfentrazone-ethyl caused higher damage compared with other
treatments. Almost similar pattern was observed at 30 DAHA in case of both weed damage
and crop injury. It was found that increase in 2, 4-D plus carfentrazone-ethyl dose, the
herbicide ability to damage weeds increased but this was at the expense of higher wheat
injury (Baghestania et al 2007). Lyon et al (2007) reported that all herbicide treatments
containing carfentrazone-ethyl caused localized leaf necrosis in proso millet. Gaur et al
(2013) reported that the leaves which shows less burning were considered as tolerant (score 2)
and with more burning or complete burning (score 5) were considered as sensitive
respectively. Imazethapyr mainly kills the growing tips (apical meristem and young leaves) of
the branches. Other abnormalities include elongation of branches (similar to tendrils) with
very small or needle shaped leaves, delaying of flowering, deformation of flowers, poor pod
setting and seed size. Secondary growth was also observed 20-25 days after herbicidal
application leading to flowering and pod set. At 2 and 4 weeks after crop emergence (WAE),
a significant damage was observed in dry bean with sulfentrazone alone or in combination
with imazethapyr. At 2 WAE, sulfentrazone alone caused less injury than sulfentrazone +
imazethapyr in black, cranberry, kidney, and white bean (Soltani et al 2014).

2.1.2 Growth Changes

An extreme higher concentration of 2,4-D or 2,4,5-T leads to the death of bean and
sunflower plants or reduced growth in maize plants by occurrence of abnormalities in the
nucleic acids and protein synthesis (Shaddad ef al 1990). In soybean, with the imazethapyr
application, fresh weight of shoots and roots increased, but dry weight decreased, indicating
higher water concentrations in imazethapyr-treated plants (Scarponi et al 1996).

The absence of any adverse effect of imazethapyr on nodulation may also be
attributed to the fact that imazethapyr has been reported to positively affect nodule initiation
and not nodule development (Royuela et al 2000). Growth reduction of several plant species
was reported after the application of triazine and triazinone herbicides (Dvorak and Remesova

2002). It has been reported that an increase in the concentration of IM significantly reduced



the growth of primary root meristems, fresh and dry weight, yield, and also the number of
root nodules under field conditions (Gaston et al 2002).

The inhibition of cellular division by ALS inhibiting herbicides may cause a decrease
in the root growth. An alteration of the intermediate metabolite pools or the ATP levels after
the ALS inhibition could cause the inhibition of cellular division (Zabalza et al 2004) In
earlier field studies conducted by several scientists, imazethapyr injured crops and injury
increased with rate of application, sulfentrazone applied PRE at 420 g ha™' did not have any
effect on the shoot dry weight of black, brown, cranberry, kidney, otebo, pinto, white, and
yellow eye beans but, at 840 g ha™, decreased shoot dry weight 30 to 40% (Hekmat et al
2007). Other PPO inhibitor herbicides such as saflufenacil applied PRE have been shown to
reduce shoot dry weight 92 to 99% in adzuki, cranberry, lima, snap, and white bean (Soltani
et al 2010). Nandan et al (2011) also reported that post-emergence application of imazethapyr
at 25 g/ha at 15-20 DAS was safe to the blackgram. Post-emergence application of
imazethapyr had no adverse effect on shoot as well as root dry weight/plant in Blackgram
when recorded at flower-initiation stage.

Nirala ef al (2012) and Ram et al (2013) determined that post-emergence application
of imazethapyr can be used effectively in reducing the weed intensity and dry-matter
production by weeds in soybean and blackgram. Ram er a/ (2013) concluded that higher
concentrations of imazethapyr affects growth and yield of chickpea and lower concentrations
were inefficient for effective weed control. Imazethapyr applied as post-emergence at 50 to 75
g/ha shows season-long control of many weeds without injuring soybean. Goud et al (2013)
also determined that imazethapyr @ 75 g/ha had no adverse effect on nodule number and
biomass relative to weedy check and hand-weeding in chickpea. Imazethapyr (IM) may be
injurious to the non-target plant species i.e. main crop and its residue is known to persist in
the soil affecting the succeeding crop. Post-emergence application of imazethapyr had no
adverse effect on shoot as well as root dry weight/plant when recorded at flower-initiation
stage (Aggarwal et al 2014).

2.1.3 Physiological attributes

Reactive oxygen species e.g. peroxides of polyunsaturated fatty acids generate
malonialdehyde (MDA) on decomposition and in many cases MDA is the most abundant
individual aldehydic lipid breakdown product (Esterbauer and Cheeseman 1990).
Imidazolinone resistant soybean is evidence of rapid metabolic detoxification of IMI
herbicide (Tecle et al 1993). The herbicide selectivity is based on the plants’ ability and rate
of metabolism. Hydrogen peroxide is a toxic compound produced as a result of scavenging of
superoxide radical and its higher concentrations are injurious to plants, resulting in lipid
peroxidation and membrane injury (Menconi et al 1995). Shim et al (2003) have shown that

the chlorophyll concentration was less vulnerable to the herbicide treatment. The difference in



chlorophyll concentration at different doses showed a negative correlation of concentration
with chlorophyll content. Degradation of Rubisco subunits may next decrease amounts of
chlorophyll and the net photosynthetic rate (Mateos-Naranjo et al 2009). Khan et al (2004)
suggested that herbicides when applied indiscriminately had variable effects on the legume
production.

The variation in plant height among the various herbicidal treatments was not very
conspicuous. There was an increase in leaf area index (LAI) with application of herbicides
(Cheema and Akhtar (2005). They reported that herbicide application to wheat crop at 3-4
leaf stage have increased LAI by diverting competition among weeds and crop plants in favor
of crop plants. Although IMI herbicides do not directly target photosynthesis, it has been
suggested that treated plants may have a chlorophyll fluorescence response (Riethmuller-
Haage et al 2006). MDA formation is considered as the general indicator of lipid peroxidation
(Wang and Zhou 2006).

Post-emergence application of imazethapyr at 60 g/ha recorded significantly shortest
plants, lowest LAI and dry matter production (Veeraputhiran and Chinnusamy 2008).
Herbicides can prevent electron transfer in plant pigments that cause oxidative stress (Zhu et
al 2009). Many herbicides are interfered with photosynthesis through blocking electron
transport system and pigments in the chloroplast membranes are destroyed and plant face the
loss of photosynthetic pigments (Velini et al 2010). At 30 DAS, the highest plant height was
obtained in twice hand weeded treatment which was statistically at par with metribuzin @ 500
g ha and imazethapyr @150 g ha treatment. And at 60 DAS, the highest plant height was
obtained in hand weeded plot which was statistically at par with imazethapyr at 150 g ha™
treatments. The treatment twice hand weeding at 15 DAS and 30 DAS registered higher LAI
at all the crop growth stages and was considered to be the best treatment followed by
imazethapyr at@ 150g a.i. ha”' (Basu and Sengupta 2012). Plant height and leaf area index
were reduced by treatment with Imazethapyr compared to the hand-hoeing treatment (Aboali
and Saeedipour 2015).

2.1.4 Yield attributes

Bahn and Kukula (1987) reported that weeds cause considerable loss in yield of
chickpea, although weeding by hand to prevent weed competition during the period before the
development of a full canopy cover has invariably been most effective, but limitations of
labour and high labour costs often prevent the adoption of this method. The proper time of
application of herbicides is very important. An early application of a herbicide can damage
the crop and on the other hand too delayed application will not be effective in controlling
weeds as they may become tolerant at advanced age. Imazethapyr resulted in effective weed
control and high yields in urdbean (Chin and Pandey 1991) and soybean (Angiras and Rana
1995). It was concluded that weed competition reduced seed yield of chickpea by 80%



(Tiwari et al 2001). Application of herbicides 30 days after sowing was most effective in
decreasing dry matter of weeds and increasing grain yield, while effectiveness of herbicide
decreased with a delay in their application (Prasad and Singh 1995). Wall (1996) reported that
imazethapyr severely decreased lentil yields, also drawing attention to similar effects of
imazamethabenz. Soybean injury by chlorimuron and imadazolinone herbicides typically
results in decreased plant height and biomass, and can result in reduced yield (Newsom and
Shaw 1995). Mohamed et al (1997) also reported that imazethapyr, terbutryn, prometryn and
pendimethalin were well tolerated by lentil and controlled weeds successfully, enhancing
yield. Windley et al (1999) also reported that post-emergence application of imazethapyr at
96 g/ha increased mungbean yield by 20.4% over unweeded control.

In Bubny biotype, which was resistant both to ALS inhibitors and atrazine, recorded
the lowest hill reaction activity values among all biotypes examined by Hola et al (2004).
Khan er al (2004) also reported that carfentrazone-ethyl was the best post-emergence
herbicide for controlling weeds and recording higher yield and yield components compared to
other herbicidal treatments and weedy check. Khan and Marwat (2006) investigated that crop
density alone could not suppress the weeds below threshold level. Zand et al (2007) also
attributed lower grain yield of the handweeded control than herbicide treated plots to possible
damages of hand weeding on wheat. Tiwari et al (2007) conducted field trials during the rainy
(kharif) seasons of 2001 and 2002 in Madhya Pradesh, India, to evaluate the efficacy of post-
emergence herbicides against weeds in soybean (Glycine max) and reported in contrast that
the post-emergence herbicides imazethapyr @75g ha™ controlled only broadleaved weeds.
Substantial control of weeds and significant increase in grain yield of chickpea with different
herbicides has been reported (Yadav et al 2007). Qasem (2007) evaluated efficacy of different
herbicides against wild-oat in wheat. The herbicides affected wheat plant height, dry weed
biomass, biological yield and grain yield. ). Baghestani et al (2007) reported that bromoxynil
+ MCPA (2-methyl-4-chlorophenoxyacetic acid) @ 150 g a.i. ha-1, 2,4-D plus MCPA, and
2,4-D + carfentrazone-ethyl @ 490 g a.i. ha-1 would be most effective to control weeds,
increase grain yield and prevent herbicide resistance weeds. However, over dose of
Carfentrazone-ethyl to control weeds would cause serious crop injury. Hossain et al (2008)
reported that maximum grain yield can be obtained with Carfentrazone-ethyl 50 WG. Khan et
al (2008) reported that with increasing crop plant population m™ suppress weeds and
increased yield. Veeraputhiran and Chinnusam (2008) also reported that the yield attributing
characters of black gram viz., number of pods per plant and number of grains/pod were higher
under imazethapyr applied at 21 DAS. Ram and Singh (2011) also recorded that post-
emergence application of imazethapyr 75 g/ha at 20-25 DAS resulted in significantly higher
pods/plant than weedy check but were at par with 2 hand-weedings at 20 and 40 DAS in

soybean. Nandan et al (2011) also recorded the highest weed-control efficiency in blackgram



with imazethapyr 25 g/ha at 15-20 DAS. The highest yield attributes, viz. branches/plant,
pods/plant, seed weight/plant and 100-seed weight were recorded with the application of
imazthapyr and quizalofop-ehtyl. Goud et al (2013) also observed that at higher
concentration, imazethapyr and quizalofop-ethyl affect growth and yield of chickpea cv.
KAK-2 and lower concentrations were inefficient for effective weed control.

Maximum grain yield (4.585 tons ha') was recorded in carfentrazone-ethyl 50 WDG
followed by Puma super 75 EW with grain yield of 4.413 tons ha". The minimum yield 2.54
tons ha' was observed in Partheinum hysterophorus plots (Khan et al 2013). Aboali and
Saeedipour (2015) too reported that in broad bean, the highest pod number per plant was
observed in weed free treatment. All herbicide treatments had less pod numbers than free
weed control. The least pod number per plant was found in weedy check with a 53.3%
decrease compared to weed free treatment and the highest and the lowest 100 seed weight was
recorded in hand weeding and weedy check by 96.18 and 85.08 g, respectively.

2.2 Biochemical changes

Herbicide inhibition causes a disruption in protein synthesis, which in turn leads to
interference in DNA synthesis and cell growth. The proteolytic enzymes are synthesized in
cotyledons during germination (Ashton 1976). The inhibition of acetohydroxyacid synthase
by the imidazolinones could demonstrate the herbicidal effects of such compounds. If the
imidazolinones inhibit the synthesis of valine, leucine, and isoleucine in vivo, there may be a
rapid decrease in the pool size of such amino acids, which in turn may cause a decrease in
protein synthesis (Shaner er al 1984). Egli et al (1985) reported that the inhibition of protein
synthesis by herbicides is primarily due to disturbance of the absorption and retention of
amino acids available for protein synthesis, interference with the incorporation of amino acids
into protein, and/or the formation of enzymes responsible for protein synthesis and
metabolism. The protein degradation to amino acids in the initial stages of seed germination
helps in diverting amino acids towards the synthesis of new proteins/enzymes, cellular
constituents or translocation to the growing axis. Persistence of imazethapyr depends on soil
properties and may vary from 70 to 254 days (Vischetti 1995). Imazethapyr controlled
Cyperus rotundus more effectively when applied to weeds 5 to 20 cm tall compared with
weeds 30 cm tall (Richburge et al 1996). Shivay et al (1997) reported that there were non
significant differences among the weedy check and herbicidal treatments before the
application of herbicides. Scarponi ef al (1997) found an increase in ammonia in broad bean
treated with imazethapyr. Further, both imazethapyr and chlorimuron have been shown to
decrease protein and branched-chain amino acid contents of legumes. It has been observed
that damage in protein, deletion or addition of the some proteins in repetitive region might be
the reason for these variations (Benmoussa et al 2000). Herbicides kill plants by disrupting

essential physiological or biochemical process, usually through a specific interaction with a
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single molecular target in the plant. (Devine and Preston 2000). When a plant is subjected to
any biotic or abiotic stress factor, the first observed response is a decrease in its normal
metabolic activities, along with a consequent reduction of growth. In this ‘alarm phase’
protein synthesis is an adversely affected anabolic process along with photosynthesis,
transport of metabolites, uptake, and translocation of ions (Bonjoch and Tamayo 2001).

The weed resistance to these herbicides is associated with the changes in the protein
structure and several ALS amino acid substitutions that confer herbicide resistance have been
reported from various weed species (Tranel et al 2003). Application of the tank mixed
herbicides reduced broad and narrow leaf weeds to a varying degree sometimes approaching
to 100% control (Khan et al 2003). The direct effect of herbicides on protein or nucleic acid
synthesis have not yet been discovered, probably because neither of these sites are primary
site of action of any frequently applied herbicides (Khan et al 2006). A large number of
metabolites like proline were accumulated in the plants, when they grow under various abiotic
stresses (Ashraf and Foolad 2007).

It has been opined that, after the ALS inhibition by herbicides, protein synthesis can
only continue through an increase in the protein turnover; and then the free amino acid pool
shows a remarkable accumulation (Zabalza et al 2007). Furthermore, it was observed that IM
had not decreased protein, and “de novo” synthesis of proteins had also inhibited in treated
plants, showing that there would have been protein synthesis, but from the amino acids
scavenged, mainly from the protein turnover. In addition, IM has been found to be a potent
inhibitor of acetohydroxyacid synthase enzyme. This enzyme has an excellent herbicidal
function and its phytotoxic effects can be reversed by exogenous application of valine,
leucine, and isoleucine. This indicates that such imidazolinone herbicides are bound to the
enzyme-pyruvate complex.

High doses of herbicide Imazethapyr can be harmful (Pasha 2013) and usage in large
quantities for chickpea is dangerous (Hoseiny-Rad and Jagannath 2011). Moreover, they also
reported that protein content of the leaves was decreased with increasing concentration of the
herbicide. Imazethapyr also reduces photosynthesis and dry matter accumulation and showed
low protein accumulation in leaves. Also, anthocyanins have reduced the protein. Herbicide
inhibition causes a disruption in protein synthesis, which in turn leads to interference in DNA
synthesis and cell growth. The inhibition of cellular division by ALS-inhibiting herbicides
may cause a decrease in the root growth. An alteration of the intermediate metabolite pools or
the ATP levels after the ALS inhibition could cause the inhibition of cellular division
(Zabalza et al 2004).

2.3 Anti-oxidative Defence System:
Exposure of plants to unfavourable environmental conditions such as temperature

extremes, heavy metals, drought, water availability, air pollutants, nutrient deficiency, or salt
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stress can increase the production of ROS e.g., O,, H,O, and OH; which gets accumulated
causing damage to cellular components, severely disrupting metabolic function. Prevention of
oxidative damage to cells during stress is one of the mechanisms of stress tolerance (Kraus
and Fletcher 1994), which is attributed to enhanced antioxidant enzyme activity. To protect
themselves against these toxic oxygen intermediates, plant cells and its organelles like
chloroplast, mitochondria and peroxisomes employ antioxidant defense systems. Increases in
SOD activity has been observed in response to treatment with herbicides. The herbicide
paraquat produces its cytotoxic effects via a free radical mechanism. Paraquat-resistant
varieties of various species like tobacco, ryegrass and horseweed correlate with increased
activities of SOD and other antioxidant enzymes than the corresponding sensitive genotypes
(Matters and Scandalios 1986).

A great deal of research has established that the induction of the cellular antioxidant
machinery is important for protection against various stresses (Khan and Singh 2008).The
components of antioxidant defence system are enzymatic and non-enzymatic antioxidants.
Stress induced ROS accumulation is counteracted by enzymatic antioxidant systems that
include a variety of scavengers, such as superoxide dismutase (SOD), ascorbate peroxidase
(APX), peroxidase (POD), glutathione S-transferase (GST), catalase (CAT) and non-
enzymatic low molecular metabolites (Mittler et al 2004). CATs are tetrameric heme
containing enzymes with the potential to directly dismutate H,O, into H,O and O, and are
indispensable for ROS detoxification during stressed conditions (Garg and Manchanda 2009).

Kielak et al (2011) concluded that Roundup herbicide may be harmful to plants. Its
phytotoxicity towards duckweed as a model plant caused an increase in CAT and APX
activity, what may suggest that Roundup generated the oxidative stress within tissues of the
treated plants. Reactive oxygen species are highly reactive and toxic to cells as they are
capable of unrestricted oxidation of various cellular components. Therefore, the accumulation
of ROS causes considerable damage to membrane lipids and other cellular components
(Lukatkin 2003). It is widely believed that ROS are involved in the activation of cellular
stress responses and defence systems (Desikin et al 2001). Superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) are the main enzymes that scavenge ROS in plants.
They exert synergistic effects on the elimination of O* and H,O, to maintain the balance of
active oxygen metabolism in plants under environmental stress (Polle 2001).

Other than as an osmolyte, proline is considered as a potent antioxidant and potential
inhibitor of Programmed cell growth. Therefore, it is regarded as non-enzymatic antioxidants
that microbes, animals, and plants require to mitigate the adverse effects of ROS (Chen and
Dickman 2005). Metalloenzyme SOD is the most effective intracellular enzymatic antioxidant
which is ubiquitous in all aerobic organisms and in all subcellular compartments prone to

ROS mediated oxidative stress. It is well established that various environmental stresses often
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lead to the increased generation of ROS, where, SOD has been proposed to be an important in
plant stress tolerance and provide the first line of defense against the toxic effects of elevated

levels of ROS.
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CHAPTER III
MATERIALS AND METHODS

The present investigation entitled "Physiological variations in herbicide tolerance
among chickpea (Cicer arietinum L.) genotypes" includes the screening of twenty four
genotypes of chickpea for herbicide tolerance under field conditions. The work was carried
out in the field area of Pulses Section, Plant Breeding and Genetics, Punjab Agricultural
University, Ludhiana. Biochemical studies were performed on six (three sensitive and three
tolerant) genotypes selected on the visual scoring and physiological observations. Seeds of
chickpea were made available from Pulses Section, Plant Breeding and Genetics, PAU. The
materials and methods employed in the present investigation have been described in this
chapter.

Seeds of the following chickpea genotypes were used for field and laboratory studies
for their growth behavior and yield attributes.

Table 3.1: List of Chickpea genotypes

Sr. Genotypes Sr. Genotypes
No. No

1 DKG 1030 13 GLW 187
2 JG 1362 14 GLW 188
3 GPF 2 15 GL 13016
4 GL 22044 16 GL 13022
5 GL 26016 17 PBG 1

6 GL 28202 18 PDG 4

7 GL 28203 19 PBGS5

8 GL 10047 20 FLIP-05-93C
9 GL 11026 21 GLW 11
10 GL 12003 22 DKG 876
11 GL 12021 23 GLW 125
12 GLW 44 24 GL 27023

Location- Ludhiana represents the Indo Gangetic plains and is situated at 36°-54’N latitude,

25°-48’E longitude and at a mean height of 247 meters above sea level.



Experiment: 1 Screening of chickpea genotypes for herbicide tolerance under field
conditions
Field Layout
The present investigation was carried out on Chickpea (Cicer arietinum L. ) sown on
10 November, 2015 in the experimental field of Pulses Section, Department of Plant Breeding
and Genetics, Punjab Agricultural University, Ludhiana. The crop was planted in 2 rows with
row to row spacing of 40 cm using factorial randomized block design with three replications.
Observations:
3.1 Visual scoring
The genotypes were scored for stay green trait against herbicides on a 1-5 scale,
where 1 is highly tolerant (no or very less burning or curling of leaves) and 5 is highly
sensitive (complete burning of leaves leading to plant mortality or curling), 12-15 days after
herbicide foliar application.
3.2 Phenophasic development
3.2.1 Days to flower initiation and 50% flowering
The data for days to flower initiation and 50% flowering were recorded as the number
of days taken by the plants from the date of sowing to the period of 1" flower and 50%
flowering respectively.
3.2.2 Days to pod initiation
The number of days taken by the plants from the date of sowing to the period of 1*
pod was recorded.
3.2.3 Days to maturity
The number of days taken by the plants from the date of sowing to the period of
maturity was recorded.
3.3 Growth attributes
3.3.1 Shoot length
The length of main stem was measured from the ground level to the tip of plant with
meter rod manually and expressed in cms.
3.3.2 Root length
The root length was recorded with meter rod manually and expressed in cms.
3.3.3 Shoot dry weight
The plant samples were dried in a hot-air oven for 48 hours at 70+1°C for till constant
weight was obtained. The dry weight of shoots from three randomly selected plants from
three replications was recorded using electronic balance. The mean values were taken and
expressed in grams.
3.3.4 Root dry weight

Roots of oven-dried samples were weighed on electronic balance to record root dry
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weight and expressed in grams.
3.3.5 Leaves dry weight

Samples were collected during developmental stage. Leaves were dried at 70+1°C for
a period of 48 hours till constant weight was obtained. The dry weight of leaves per plant
were weighed from three randomly selected plants with replications and expressed in grams
per plant.
3.3.6 Number of leaves

The numbers of leaves from three replications were counted manually from the plant
samples of each treatment.
3.3.7 Number of senesced leaves

The numbers of senesced leaves due to herbicidal treatment were recorded from three
replications.
3.4 Physiological traits
3.4.1 Leghaemoglobin content in nodules (Wilson and Reisenauer 1963)

The leghaemoglobin content was determined by using Drabkin’s solution in nodules
at flowering stage and expressed as mg/g FW nodules.
Extraction of nodule tissue

Fresh tissue of nodules (0.5 g) was crushed in a 10 ml round bottom centrifuge tube
with 3ml drabkin’s solution. The resulting mixture was centrifuged (15 min, 5000 rpm) so
that large particles of nodule tissue settle down. The supernatant was transferred to 10 ml
volumetric flask. The nodule tissue was extracted twice more and supernatant combined with
the first one in the flask. The total volume was made to 10 ml with drabkin’s solution, and
centrifuged at 2000 rpm for 30 minutes. The absorbance of the clear supernatant was read on
UV2600 spectrophotometer at 540 nm using drabkin’s solution as a solvent blank.
3.4.2 Dry weight of nodules

Nodules from roots were collected at flowering stage and dried in the hot air oven at
80+1°C for a period of 48 hours and weighed (g) by using electronic balance.
3.4.3 Leaf area index

Leaf area index (LAI) was recorded with the instrument ‘Sun Scan Canopy Analyzer’
during reproductive stage of crop.
3.4.4 Photosynthetic rate

Photosynthetic rate was recorded at flowering stage by using ‘Portable
photosynthesis system (LI-6400XT, LICOR). Rate of photosynthesis is expressed as pmol
CO, m?>s™.
3.4.5 Hill reaction (Cherry 1973)
Reagents
a) 0.067M Phosphate buffer (pH 7.5)
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b) Potassium ferricyanide solution
¢) 20% Trichloroacetic acid (TCA)
d) 0.035M Sucrose
Extraction: Leaf samples (0.1g) were taken and gently grounded in Sml extraction medium
(0.067M phosphate buffer, pH 7.5 containing 0.035M sucrose). During extraction and
collection of leaves, the temperature was maintained at 0-4°C.
Estimation: Potassium ferricyanide solution was prepared by dissolving sodium chloride
(1.02g) and potassium ferricyanide (13mg) in phosphate buffer (25ml). The reaction was
started by mixing 0.5ml of supernatant from above extract with 2.5ml of ferricyanide solution.
The tubes were kept in light (approx. 5000 lux) for 10 min and another similar set in dark.
The reaction was stopped by adding 20% TCA (0.3ml). The absorbance was recorded at
420nm on spectrophotometer. Hill reaction was expressed as decrease in absorbance AOD
mg”' chl h™.
3.4.6 Cellular respiration (Steponkus and Lanphear 1967)
Fresh leaves (100mg) were collected and rinsed with distilled water and kept in test
tube with 1ml of deionised water. Two sets were then heat treated as follows:
First set was kept at 25°C for 90 min. and second set was placed in water bath at 49°C
for 90 min. Then 10 ml of TTC solution (0.8% TTC (Triphenyl tetrazolium chloride) in 0.05
M Sodium phosphate (NaPO,) buffer, 7.4 pH was added per tube and vaccum infilterated for
10 minutes. The tissue was then incubated in TTC solution for 24 hours at 25°C in dark. After
incubation, leaves were removed, rinsed with distilled water, placed individually in separate
tubes using 4ml of 95% ethanol and submerged for 24 hours at 25°C in dark. The level of
acquired temperature tolerance was determined by measuring % reduction to formazon using
the formula given below:
TTC % reduction = (OD;/OD,) x 100
ODy, refers to mean optical density (530 nm) values for heat stressed set (49°C for 90 min)
ODc refers to mean optical density (530 nm) values for control set (25°C for 90 min)
3.4.7 Lipid peroxidation (Heath and Packer 1968)
Lipid peroxidation is measured in terms of malondialdehyde content
Reagents
Thiobarbituric acid (TBA) reagent: mixed 18% Trichloroacetic acid (TCA) with 0.45% TBA
in 1:2 ratios.
Procedure
TBA reagent (10ml) was added to 100mg of dry leaf powder in test tube. The mixture
was heated for 15 minutes over a water bath at 100°C and filtered hot through Whatman (no.
42) filter paper. Absorbance of the filterate was read at 532 nm and 600 nm. The non-specific

absorbance at 600 nm was subtracted from that at 532 nm. The concentration of MDA was
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calculated using an extinction coefficient of 155 mM cm™
3.5 Yield and yield attributing traits

Yield and yield attributes were recorded at maturity from three randomly selected
plants in each replication.
3.5.1 Number of pods per plant

The total numbers of pods were counted from three randomly selected plants at
maturity and average was calculated to obtain number of pods per plant and expressed as
number of pods per plant.
3.5.2 100-seed weight

The hundred seeds were taken at random from each treatment and then weighed in
grams.
3.5.3 Yield/plant

Three plants were selected randomly from each replication of each treatment and
yield per plant was recorded and expressed in grams.
Experiment: 2
Biochemical parameters related to herbicide tolerance

Table 3.2: List of selected chickpea genotypes used in the study

Sr. Genotypes Genotypes Sr. Genotypes Genotypes
No. (Tolerant) for (Tolerant) for No. (Sensitive) for (Sensitive) for
Carfentrazone- Imazethapyr Carfentrazone- Imazethapyr
ethyl ethyl
1. GLW 11 GL 11026 1. GL 12021 JG 1362
2. GL 10047 GLW 44 2. GLW 125 GL 28203
3. PDG 4 PBG 5 3. GL 27023 GL 12021

3.6 Biochemical Analysis (In leaves at reproductive stage)

3.6.1 Total soluble protein (Lowry ef al 1951)

Reagents:

i. Reagent A: 2 % Na,COs in 0.1N NaOH.

ii. Reagent B: 0.5% CuS0O,.5H,0 in 1% sodium citrate

iii. Reagent C: (Reagent A + Reagent B in 50:1 ratios)

iv. Reagent D: Folin Ciocalteau phenol + Distilled water in 1:1 ratios)

v. 20% Trichloroacetic acid (TCA)
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Extraction:

0.1g of dry leaf samples was extracted with 3ml of 0.1N NaOH. The samples were
centrifuged in 10ml round bottom centrifuge tubes at 14000rpm for 10 minutes. Then the
same amount of TCA is added to the supernatant of each tube. Precipitates formed were
stored overnight and then again centrifuged at 14000rpm for 10 minutes. Precipitates which
settled down at the bottom were extracted for estimation of proteins.
Estimation:

2ml of 0.1N NaOH was added to each tube. 0.1ml was taken from above extract and
0.9ml of distilled water was added. Then 5ml of Reagent C was added. After 10 minutes
0.5ml of Reagent D was added to test tubes and shaked well to mix properly. Absorbance was
recorded on spectrophotometer at 520nm. The total soluble protein was expressed in mg/g dry
weight.
3.6.2 Total soluble sugars (Dubois et al 1956)
Reagents:
i. 5% Phenol
ii. Chilled Concentrated H,SO,
iii. 80% Ethanol
Extraction: 100mg of dry leaf material was homogenized in 5ml of 80% ethanol and
centrifuged at 3000 rpm for 15 minutes. The extraction procedure was repeated twice. The
supernatants were pooled and the alcohol was evaporated with water bath at 100°C. The final
volume was adjusted to Sml with distilled water. This extract was used for estimation of total
soluble sugars.
Estimation: To 0.2ml of extract, add 0.8ml of distilled water, then 1ml of 5% phenol was
added. The solution was kept for 10 minutes followed by addition of 5Sml of chilled
Concentrated H,SO, with constant shaking. After 10 minutes, the tubes were cooled to room
temperature under running tap water. The absorbance was recorded at 490nm against 80%
ethanol as blank. The concentration of total soluble sugar content was expressed as mg g dry
weight.
3.6.3 Proline content (Bates et al 1973)
Reagents:
i.  6M Orthophosphoric acid
ii. 3% Sulphosalicylic acid
iii. Acid Ninhydrin
iv. Glacial Acetic Acid
v. Toluene
Extraction: The tissue (0.2g) was extracted in 10ml of 3% Sulphosalicylic acid at room

temperature and centrifuged at 3000 rpm for 10 minutes. The supernatant was collected for
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estimation.
Estimation: To 2ml of supernatant, add 2.5ml of acid ninhydrin, (125mg of Ninhydrin mixed
in 3ml of glacial acetic acid and 2ml of orthophosphoric acid, and then kept in oven at 70°C
till a clear solution was formed), 2ml of 6M orthophosphoric acid and 2ml of glacial acetic
acid. The mixture was boiled for 1 hour in hot water bath till pink colour appears. On cooling,
Sml of toluene was added and shaken on vortex. Again allow it to stand in separating funnel
for another 10 minutes till the two layers get separated. Lower layer was discarded and upper
pink layer was collected. The absorbance was recorded at 515nm by using toluene as blank.
Proline is used as standard to make standard curve. Proline content is expressed in pmoles g
3.6.4 Peroxidase Activity (Shannon et al 1966)

Peroxidase catalyses the breakdown of H,O at the expense of electron acceptors, such
as ascorbate, quinones and cychrome c.

peroxidase

H,O + AH, »2H,0 + A
Reagents:
i.  0.1M Potassium phosphate buffer (pH 7.5)

ii. 1% Polyvinyl pyrrolidine (PVP)
iii.  0.05M Guaicol in 0.1M of potassium phosphate buffer (pH 6.5)(freshly prepared)
iv. 0.8M H,0, (fresh)
Extraction: Fresh leaf (100mg) of each genotype was extracted in 2ml of 0.1M potassium
phosphate buffer (pH 7.5) containing 1% PVP using chilled pestle and mortar. There were
three replications of each genotype. Homogenate was centrifuged in appendrof’s tube at
10,000rpm at 4°C for 10 minutes and clear supernatant was used for enzyme assay.
Assay: In spectrophotometric cuvette, add 3ml of guaicol (0.05M) prepared in potassium
phosphate buffer and 0.1ml of enzyme extract was added. The reaction was initiated by
adding 0.1ml of 0.8M H,O, and rate of change of absorbance was recorded at 470nm using
spectrophotometer for 2 minutes at the interval of 30 seconds.
Peroxidase activity has been defined as change in absorbance min"'g'FW.
3.6.5 Catalase (Chance and Maehley 1955)
Catalase is able to use one molecule of H,O, as substrate or electron donor and another
molecule of H,O, as oxidant or electron acceptor.
CAT
2H,0, — > 2H,0+ 0
Reagents:
i 50 mM sodium phosphate buffer (pH 7.5)
ii. H,0, solution: 0.2ml of H,0, was diluted to 50 ml with 50 mM sodium phosphate
buffer (pH 7.5)
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iii. 1% Polyvinyl pyrrolidine (PVP)
Extraction: The enzyme was extracted from fresh tissue (0.1 g) with 50 mM sodium
phosphate buffer (pH 7.5) containing 1% polyvinyl pyrrolidine (PVP) and centrifuged at
10,000 rpm for 20 minutes at 4°C. Supernatant was used as enzyme extract
Assay: In spectrophotometric cuvette, 1.9 ml of 50 mM sodium phosphate buffer (pH 7.5)
and 0.1 ml of enzyme extract was added. The reaction was initiated by adding 1 ml of
utilization of H,0O, was recorded at intervals of 30 seconds for 2 minutes by measuring the
decrease in absorbance at 240 nm. Catalase activity was expressed as pmoles of H,O,
decomposed/min/g of tissue.
3.6.6 Superoxide Dismutase (Marklund and Marklund 1974)

Superoxide dismutase catalyzes the disproportionation of superoxide anion to H,0O,
and molecular oxygen.

SOD
0,;+0,;,+2H" —> H;0, +0;

Reagents:
i.  0.1M Potassium phosphate buffer (pH 7.5)
ii. 1% Polyvinyl pyrrolidine (PVP)
iii. 6 mM disodium EDTA
iv. 0.1M Tris-HCI (pH 8.2)
v. 6 mM Pyrogallol (Fresh solution was prepared for assay).
Extraction: The enzyme was extracted from 100mg of fresh leaf with 2ml of 0.1M
potassium phosphate buffer (pH 7.5) containing 1% PVP. The homogenate was centrifuged at
10,000 g at 4°C for 10 minutes. Supernantant was used for enzyme assay.
Assay: To a spectrophotometric cuvette, 1.4 ml of 0.1M Tris-HCL buffer (pH 8.2), 0.5 ml of
6 mM EDTA, 1ml of 6 mM pyrogallol solution and 0.1 ml of enzyme extract was added.
Absorbance was recorded at 420 nm after an interval of 30 seconds up to 2 minutes. The
reaction mixture without pyragallol was taken as control. A unit of enzyme activity has been
defined as the amount of enzyme causing 50% inhibition of auto-oxidation of pyrogallol
observed in blank.
3.6.7 Estimation of free amino acids (Lee and Takahashi 1966)
Reagents: Prepared ninhydrin reagent by reagents A: B: C in the ratio of 5:12:2 (pH 5.5)
i.  Reagent A: 1% ninhydrin in 0.5 M citrate buffer (pH 5.5)
ii. Reagent B: Pure glycerol
iii. Reagent C: 0.5 M citrate buffer
Extraction: 0.1g of dry leaf samples was extracted with 3ml of 0.1N NaOH. The samples
were centrifuged in 10ml round bottom centrifuge tubes at 14000rpm for 10 minutes. The

supernatant was further used for estimation.
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Procedure: To 0.2 ml of the extract 3.8 ml of ninhydrin reagent was added. The reaction
mixture was heated in water bath for 12 min and after cooling the test tubes under running
water the absorbance was read at 570 nm against the blank. Using the standard curve of L-
glycine (2-10 pg) run simultaneously, the concentrations of amino acid were determined.
Statistical analysis

The data recorded was statistically analyzed by CPCS1software. Comparison of the
mean values of different treatments was made at 5% level of significance.

Chickpea appears to be most sensitive legume species to weeds which leads to lesser
yields. For their control, herbicides applied sometimes causes detrimental effects on crops
too. However, there are appreciable genotypic variations in herbicide tolerance, although
these differences were considered insuffiecient to undertake breeding programs. It appears
that if high doses of herbicides are given, plants get sensitive towards them.

So further work should be done for identification herbicide tolerant cultivars which
can be further utilized as donor for breeding programs.

Legume species apart from being economy also withholds an important position in
daily life whether in the form of food or livestock feed. Herbicides with the optimum doses

increases the yields of crops while at higher doses, it results into yield reduction.
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CHAPTER IV
RESULT AND DISCUSSION

The results of the investigation entitled “Physiological variations in herbicide
tolerance among chickpea (Cicer arietinum L.) genotypes” are presented in this chapter. A set
of 24 chickpea genotypes were raised in the field area of department of Plant Breeding &
Genetics for studying various morphological, physiological and yield traits in relation to
herbicide tolerance. Out of these three sensitive and three tolerant genotypes from each
treatment were chosen for biochemical analysis. The results are presented in the form of
tables and figures under these headings:-
4.1 Phenophasic development
4.2 Growth efficiency
4.3 Physiological traits
4.4 Yield and yield attributes
4.5 Physiological Evaluation
4.6 Biochemical estimations
4.1 Phenophasic Development
4.1.1 Days to flower initiation and 50% flowering, pod initiation and maturity

Herbicides affects phenological period by inducing delay in the life cycle.
Phenological development has direct correlation with the herbicide application. Days
pertaining to physiological stages i.e. number of days to flowering, 50% flowering, pod
initiation and maturity of all 24 genotypes were recorded time to time during the season and
presented in Table 4.1 in terms of days after sowing (DAS). The genotypic variation in
phenophasic development was observed with foliar application of herbicides (imazethapyr
@750ml ha” and carfentrazone-ethyl @375g ha™). The initiation of flowering ranged
between 59-102 days after sowing in carfentrazone-ethyl treated plants, 61-108 in
imazethapyr treated plants whereas flowering initiated between 57-95 DAS in unsprayed
plants i.e., control. The 50% flowering was observed in genotypes between 93-107 DAS
under carfentrazone-ethyl treatment, 99-127 DAS under imazethapyr treatment whereas in
control it was ranged from 85-108 DAS. The maximum delay to flowering initiation was
shown by GLW 125 and GL 28203 under carfentrazone-ethyl and imazethapy treatments
respectively. Flowering was rapid in control as compared to both herbicide treatments. Taran
et al (2013) reported that flowering was delayed in chickpea after imazethapyr application.
This may be affecting the meristematic region and causing the delay. Days to pod initiation
ranged between 98-110 DAS in carfentrazone-ethyl treated plants, 106-123 DAS in
imazethapyr treated plants whereas 92-108 DAS in Control. The crop got matured in 124-138
days after sowing under carfentrazone-ethyl treatment, the plants attained maturity ranged

from 126-143 DAS under imazethapyr treatment, while it reached from 120-130 days in
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Table 4.1: Phenophasic development of chickpea genotypes in response to herbicides

Genotypes Days to flower initiation 50% flowering Days to maturity Days to pod inititation
Control | Imazethapyr | Carfentrazone- | Control | Imazethapyr | Carfentrazone- | Control | Imazethapyr | Carfentrazone- | Control | Imazethapyr | Carfentrazone-
ethyl ethyl ethyl ethyl
DKG 1030 76 98 88 96 113 99 129 137 131 107 114 109
JG 1362 65 106 94 96 127 98 129 137 130 107 114 109
GPF 2 62 96 89 97 116 99 129 134 136 107 123 109
GL 22044 67 90 87 96 102 97 130 136 130 107 112 110
GL 26016 57 67 60 86 103 88 121 128 127 107 111 109
GL 28202 58 68 66 87 109 88 122 129 129 92 108 107
GL 28203 57 108 62 85 127 88 122 138 128 93 109 103
GL 10047 55 68 59 92 107 93 120 133 127 92 117 101
GL 11026 90 63 90 98 109 99 128 127 132 107 108 100
GL 12003 86 88 90 97 110 98 125 138 132 107 107 109
GL 12021 68 103 93 89 99 98 126 143 136 107 114 109
GLW 44 92 61 92 99 100 94 128 129 132 108 116 110
GLW 187 88 86 92 103 108 104 124 134 131 107 106 110
GLW 188 89 99 92 100 109 100 124 138 133 107 113 109
GL 13016 89 99 92 100 110 102 126 137 134 106 115 109
GL 13022 88 106 91 102 110 104 126 134 131 107 112 108
PBG 1 90 104 90 101 109 101 130 133 128 107 113 108
PDG 4 92 105 63 105 108 107 127 135 125 107 112 108
PBG 5 93 63 97 108 105 100 128 126 135 93 114 98
FLIP-05-93C 91 96 94 108 111 104 130 135 136 105 109 107
GLW 11 66 86 60 102 109 95 123 137 124 108 113 110
DKG 876 95 101 97 107 106 105 125 136 131 104 112 109
GLW 125 60 68 102 97 107 106 127 130 134 108 111 108
GL 27023 60 98 96 92 106 105 120 131 138 100 110 107
Mean 76.4 88.6 84.8 97.6 109.2 98.8 125.8 134.0 131.3 104.2 112.2 107.3

CD (5%)

G=0.66,T=0.23,GxT=1.14

G=0.55,T=0.19,GxT=0.95

G=0.71,T=0.25,GxT=1.22

G=0.61,T=0.22,GxT=1.06
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control. The maximum dealy in pod initiation was shown by GL 27023 and GL 12003 under
carfentrazone-ethyl and imazethapyr effects. Delay in pod initiation may be due to slow
growth rate of herbicide treated plants, which ultimately results in delayed maturity.
According to Royuela et al (2000) the reason of this growth inhibition was carbohydrate
starvation and blockage of acetolactate synthase catalysed reactions. Further, it seems that
combined with the delay of flowering and maturity with the herbicide application may lead to
lower yields.

4.1.2 Visual Scoring

Herbicide susceptibility was apparent from visual injuries on leaves and stunted
growth for which the herbicide tolerance score was given to genotypes on the basis of stay
green trait (Plate 1). After herbicidal spray, scoring was recorded at two stages (Table 4.2). At
stage I, leaf burning and leaf yellowing was observed in carfentrazone-ethyl and imazethapyr
treated plants respectively.

At stage II, recovery was shown by plants from each treatment. The herbicides
restrict the enzymatic actions, resulting in the arrested cell division and leading to cell death.
Mishra et al (2005) reported phytotoxic effects of imazethapyr in lentil, but with time, plants
recovered. The crops are also known to recover from phytotoxic effects of herbicides
according to Rao and Rao (2003).

4.2 Growth Efficiency
4.2.1 Root and Shoot length

The length measurements gave an indication of how growth was affected by the
herbicide application. The root length varied from 7.0 to 11.1cm in carfentrazone-ethyl
treated plants, 7.5cm to 13.5cm in imazethapyr treated plants whereas 9.0cm to 13.9cm in
control. The maximum shoot length recorded was 24.8cm which declined to 12.3cm in
carfentrazone-ethyl treated plants, whereas in imazethapyr treated plants, maximum was
22.7cm and decreased to 11.5cm. In the unsprayed conditions, it ranged from 16.8 to 35.7cm
(Table 4.3). These results are in agreement with the findings of Marwat et al (2005) and Arif
et al (2011) who indicated that the post-emergence herbicides had no significant effect on
plant height in wheat. Plant heights of the carfentrazone-ethyl treated plants were 84 and 99%
less than those of untreated controls for ivyleaf morningglory (Dayan et al 1997). Post-
emergence application of imazethapyr at 60g/ha recorded significantly the shortest plants,
lowest LAI and dry matter production (Veeraputhiran and Chinnusamy 2008). Highest plant
height was recorded in control plots because of competition among weeds and wheat plants
enforced to grow up the plant height higher than the actual height (Marwat et al 2005). Weeds
present in present chickpea crop are presented in Plate 2. The decrease in chickpea plant
height in weedy check plots clearly showed the weed competition effect on plant growth and

development. This was due to the fact that weeds utilized the resources more efficiently than
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Table 4.2 Visual scoring of chickpea genotypes in response to various post-emergence

herbicides after 7 DAS
Genotype Carfentrazone-ethyl | Imazethapyr | Carfentrazone-ethyl | Imazethapyr
DKG 1030 3.7 33 2.3 3.0
JG 1362 4.0 3.8 2.0 3.5
GPF 2 32 3.5 2.8 3.5
GL 22044 2.8 2.8 2.3 2.8
GL 26016 32 3.0 2.3 32
GL 28202 2.8 3.5 3.0 3.0
GL 28203 3.0 3.8 2.7 3.0
GL 10047 3.3 3.7 2.7 2.8
GL 11026 3.7 3.0 2.8 2.8
GL 12003 3.5 32 2.5 33
GL 12021 3.8 3.3 3.5 3.3
GLW 44 3.8 2.8 2.7 23
GLW 187 4.0 2.7 2.8 3.5
GLW 188 3.7 2.7 2.5 33
GL 13016 35 3.0 2.0 33
GL 13022 33 32 22 33
PBG 1 32 2.7 2.5 2.5
PDG 4 3.7 2.8 2.6 35
PBG 5 3.7 2.8 2.8 33
FLIP-05-93C 35 35 3.2 32
GLW 11 4.0 3.0 2.5 3.7
DKG 876 33 2.7 2.8 33
GLW 125 3.3 32 3.5 3.7
GL 27023 3.8 33 3.8 35
Mean 3.5 31 2.7 3.2

1-Very good, 2- Good, 3-Acceptable, 4- Poor, 5- Very poor
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Table 4.3 Variation in shoot and root length (cm) under herbicidal treatments in
chickpea genotypes
Genotypes Root length (cm) Shoot length (cm)
Control  Imazethapyr|Carfentrazone-| Control |Imazethapyr| Carfentrazone-
ethyl ethyl
DKG 1030 10.5 9.3 8.5 22.5 16.8 18.2
JG 1362 12.5 11.6 9.8 23.7 14.5 19.3
GPF 2 12.5 10.6 9.8 22.0 17.8 16.8
GL 22044 13.8 11.5 9.5 20.3 18.2 16.0
GL 26016 9.3 9.1 7.3 35.7 20.0 18.8
GL 28202 12.0 11.3 9.1 26.5 14.5 22.8
GL 28203 10.9 7.5 9.6 30.8 14.3 15.2
GL 10047 12.3 8.6 10.5 31.8 19.0 24.5
GL 11026 11.6 13.5 9.6 24.3 22.7 17.3
GL 12003 11.5 11.3 8.8 27.5 19.0 21.2
GL 12021 11.5 8.6 7.3 27.5 11.5 13.2
GLW 44 13.9 13.3 7.8 24.8 22.5 20.0
GLW 187 10.3 9.3 8.5 22.6 15.5 21.0
GLW 188 113 10.1 8.1 23.3 17.8 21.7
GL 13016 10.8 9.1 8.6 26.5 15.5 21.7
GL 13022 10.3 9.3 9.0 19.8 17.3 17.7
PBG 1 11.8 10.0 8.8 25.8 14.5 23.0
PDG 4 9.8 11.0 10.3 16.8 17.7 24.8
PBGS5 9.0 12.0 9.3 25.0 21.0 17.7
FLIP-05-93C 10.3 10.3 8.8 19.7 16.8 16.8
GLW 11 11.3 11.0 11.1 27.8 14.7 25.7
DKG 876 10.6 10.3 9.5 20.7 16.5 21.2
GLW 125 11.8 8.5 7.1 23.0 15.0 14.8
GL 27023 9.6 9.1 7.0 23.5 17.1 12.3
Mean 11.2 10.3 8.9 24.7 17.1 19.2
CD (5%) G=0.09,T=0.03,GxT=0.16 G=0.29,T=0.10,GxT=0.51

Values are mean; critical difference (CD) at 5% level of significance; G- genotype; T-

treatment
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crop plants and suppressed the crop growth and thus resulted in decrease in their height
(Ansar et al 2010). Khan et al (2003) reported that applying some herbicide applications did
not affect plant height but other research (Larik et al 1999; Marwat et al 2003) observed that
effects of various herbicides on plant height were significant.
4.2.2 Root and Shoot dry weight

Herbicide application resulted in the variation in dry weight of root and shoot as well.
(Table 4.4). The root dry weight varied from 0.3g to 1.5g in carfentrazone-ethyl treated
plants, 0.3g to 2.5g in imazethapyr treated plants while 0.9g to 2.8g in control. The shoot dry
weight ranged from 0.7g to 2.0g in carfentrazone-ethyl treated plants, 0.8g to 2.4g in
imazethapyr treated plants whereas 1.5g to 2.9g in Control. The maximum dry matter was
was exhibited by GL 11026 with the imazethapyr application, showing its tolerance/recovery
towards herbicide. Minimum dry matter was recorded with imazethapyr 160 g/ha and
showing 92% reduction compared with control (Singh et al 2010). Among the herbicide
treatments post- emergence application of oxyfluorfen (0.25 kg ha-1) at 20 DAS recorded
lowest dry matter production at all the stages of crop due to phytotoxic effect on crop plant
with application of oxyfluorfen (Haroun 2002) Glyphosate and fluchloralin at 2 and 0.5 pg,
respectively, marginally increased the dry matter accumulation in roots but decreased the
shoot biomass compared with that observed for control plants. In contrast, metribuzin and
2,4-D at 0.5 pg dramatically reduced the dry matter accumulation in roots (77% for
metribuzin and 44% for 2,4-D) and shoots (53% for metribuzin and 21% for 2,4-D) and they
were significantly lower than those obtained for the control treatment (Zaidi et al 2005). Dry
matter accumulation was reduced by trifluralin, chlorimuron and clomazone (Marenco 1993).
4.2.3 Total number of leaves, senesced leaves and leaf dry weight

There was a non-significant difference between total number of leaves and senesced
leaves after the herbicide application. The number of leaves in carfentrazone-ethyl treated
plants ranged from 21-77, in imazethapyr treated plants, from 24-75 whereas in control, the
amount was 47-96. The number of senesced leaves in carfentrazone-ethyl treated plants
ranged between 2-9, 2-8 in imazethapyr and 2-6 in control. At the post flowering stage, the
decrease in the photosynthetic rate as compared to the flowering and pre flowering stages can
be attributed to the fact that the ability to photosynthesize increases temporarily and then
often, before maturity begins to decrease, which may be because of senescent leaves (Sestak,
1991). Linuron and methabenzthiazuron were both phytotoxic to yacon when applied
postemergence. Both chemicals caused severe leaf necrosis and leaf loss (Scheffer et al
2002). Herbicides reduced the leaf dry weight to great extent irrespective of genotypes.
However, GL 12003 showed maximum dry weight with respect to both herbicides (Table
4.5). Leaves dry weight was ranged from 0.44g to 0.88g in carfentrazone-ethyl treated plants
and 0.35g to 0.81g in Imazethapyr treated plants whereas 0.50g to 1.53g in control.
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Plate 2: Weeds present in Chickpea crop followed by herbicidal applications

Fumaria parviflora (Common name- Fumitory)
Oenothera drumundii (Common name- Hook)

Rumex obtusifolius (Common name- bitter dock)
Anagallis arvensis (Common name- Scarlet pimpernal
Cyperus rotundus (Common name- nut sedge)

Lepidium sativum (Common name - halon)



Table 4.4 Variation in root and shoot dry weight (g/plant) after herbicide application.

Genotypes Root dry weight Shoot dry weight
Control | Imazethapyr|Carfentrazone- | Control| Imazethapyr |Carfentrazone-
ethyl ethyl
DKG 1030 1.2 0.5 0.4 L5 1.1 1.2
JG 1362 1.1 0.4 0.6 1.8 0.9 1.5
GPF 2 L5 0.6 0.4 1.6 1.3 1.5
GL 22044 1.2 0.9 0.8 2.5 1.5 1.6
GL 26016 14 1.1 0.5 23 1.3 1.7
GL 28202 0.9 0.5 04 1.7 1.8 14
GL 28203 0.9 0.6 0.4 1.9 0.8 14
GL 10047 L5 1.3 1.0 2.6 2.0 2.0
GL 11026 2.0 1.8 0.7 1.9 22 1.3
GL 12003 14 0.9 0.8 22 1.3 1.5
GL 12021 0.6 0.3 0.4 1.6 1.0 0.7
GLW 44 1.8 1.7 0.6 29 2.8 1.0
GLW 187 1.2 1.0 0.8 1.9 1.2 14
GLW 188 14 0.8 0.7 L5 1.3 1.2
GL 13016 14 0.8 0.6 1.9 1.4 1.3
GL 13022 1.2 0.9 0.3 2.5 1.2 14
PBG 1 14 1.2 0.8 22 2.0 1.5
PDG 4 L5 1.1 1.5 2.1 1.2 1.9
PBG 5 2.8 2.5 0.8 2.6 24 L5
FLIP-05-93C| 1.8 L5 0.8 2.1 1.8 1.6
GLW 11 1.3 0.8 1.0 1.9 1.2 1.8
DKG 876 0.9 0.8 0.5 2.0 1.2 1.3
GLW 125 1.7 1.0 0.4 1.8 14 1.0
GL 27023 0.5 0.5 0.3 1.7 1.6 0.9
Mean 14 1.0 0.6 2.0 1.5 14
CD (5%) G=0.09, T=0.03, GxT=0.16 G=0.09, T=0.03, GxT=0.16
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Table 4.5: Number of leaves, senesced leaves and leaf dry weight (g/plant) under herbicide treatments.

Genotypes Number of leaves Number of senesced leaves Leaves dry weight
Control | Imazethapyr | Carfentrazone- |Control Imazethapyr| Carfentrazone- |Control Imazethapyr| Carfentrazone-
ethyl ethyl ethyl
DKG 1030 67 44 49 3 4 4 0.86 0.60 0.70
JG 1362 67 50 55 4 6 7 0.80 0.35 0.71
GPF 2 52 44 51 3 5 5 0.84 0.52 0.62
GL 22044 73 67 68 3 6 4 0.68 0.54 0.60
GL 26016 54 40 45 5 3 5 0.88 042 0.55
GL 28202 47 30 38 3 6 6 0.78 0.62 0.76
GL 28203 57 42 50 5 5 4 0.97 042 0.75
GL 10047 59 24 45 5 8 7 1.01 0.57 0.73
GL 11026 72 65 49 3 3 3 0.87 0.67 0.72
GL 12003 62 42 54 6 7 8 0.50 0.81 0.88
GL 12021 64 52 47 5 5 3 0.65 0.39 0.44
GLW 44 57 47 46 3 4 4 0.79 0.45 0.74
GLW 187 65 75 54 2 2 2 0.88 0.62 0.72
GLW 188 67 55 64 6 4 5 0.91 0.58 0.70
GL 13016 73 47 59 6 4 4 0.75 047 0.63
GL 13022 96 56 77 3 4 5 1.53 0.56 0.60
PBG 1 76 70 66 4 3 3 1.15 0.75 0.64
PDG 4 77 58 72 4 4 4 1.00 0.62 0.79
PBG 5 76 64 63 5 5 9 1.27 0.64 0.71
FLIP-05-93C 76 61 51 5 4 8 1.44 0.61 0.62
GLW 11 49 24 21 6 5 4 0.88 0.68 0.70
DKG 876 78 53 52 3 3 4 0.73 0.64 0.70
GLW 125 61 52 50 5 5 5 0.78 0.44 0.50
GL 27023 47 39 38 5 8 6 0.60 0.48 0.54
Mean 65.5 50.0 52.7 4.3 4.7 5.0 0.90 0.60 0.70

CD (5%)

G=13.0, T=4.6, GXT=NS

G=2.23, T=NS, GXT=NS

G=0.02, T=0.008, GxT=0.041




4.3 Physiological traits
4.3.1 Leghaemoglobulin content in nodules and nodules dry weight

Leghaemoglobin is a pink colored pigment present in the root nodules of leguminous
plants, where it facilitates the diffusion of oxygen to symbiotic bacteriods in order to promote
nitrogen fixation. Nodulation and leghaemoglobin were negatively affected by both
herbicides. Leghaemoglobin content was significantly higher under controlled treatment.
Rhizobium infects plant roots through root hairs and thus it was hypothesized that herbicides
affecting root hair development might interfere with nodulation. The plants showed higher
tolerance for carfentrazone-ethyl as compared to imazethapyr (Table 4.6). Maximum
leghaemoglobin was found in GL 10047 (6.4mg/g) and minimum in GLW 125 (2.1mg/g)
among carfentrazone-ethyl treated plants. On the other hand, in imazethapyr treated plants,
the highest value was shown by PBG 5 (4.1mg/g) whereas GL 28203 (1.5mg/g) exhibited
least value. Under controlled conditions, maximum value was observed for PBG 5 (9.3mg/g)
while minimum was observed in GL 26016 (3.1 mg/g).

Anderson et al (2004) claimed that herbicides may negatively affect the legume-
rhizobium relationship by: (i) directly affecting root and shoot biomass of the host plant
thereby limiting the number of available sites for rhizobia to attach to, or by decreasing the
carbohydrate supply to existing nodules, (ii) directly affecting rhizobial survival or growth
that leads to a decreased potential for rhizobial infection on root hairs, (iii) inhibiting or
inactivating the biochemical signaling that plants require to initiate nodule development; this
inhibition could affect either rhizobia or plants, and (iv) inhibiting nodule development by
reducing the capacity for cell division.

Legumes crops restore fertility to agricultural soils by capturing nitrogen from the
atmosphere. The physiology of root nodules reflects a high degree of structural and metabolic
integration between plant and microbial symbionts. It was found that both herbicide
treatments had negative effect on symbiotic parameter like nodule dry weight. There was a
little variation in nodule dry weight accumulation in chickpea genotypes in response to
carfentrazone-ethyl and imazethapyr. Nodule dry weight showed slight increase from 0.08g in
GL 12021 to 0.43g in PDG 4 for carfentrazone-ethyl treated plants. Whereas this variation in
dry weight was observed to be 0.06g in JG 1362 to 0.26g in GL 10047 for imazethapyr
treated plants and 0.11g in GLW 11 to 0.65g in PDG 4 in untreated conditions. Overall
reduction in nodules dry weight/plant was recorded due to herbicide application.

The toxicity of various herbicides to nodule bacteria in vitro or legume plants varies
widely, and often compounds with the greatest herbicidal activity are the most damaging to
both rhizobium and legumes (Zaidi et al 2005) The reduction in nodules dry weight/plant was
maximum (72.2%) in case of imazethapyr @ 40 g/ha at 45 DAS. Nodule specific weight was
also higher under weed free treatment (6.84 and 8.89 mg/plant at45 and 60 DAS,
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Table 4.6

Variation in dry weight of nodules (g/plant) and leghaemoglobin content

(mg/g) under herbicide application

Genotypes Dry weight of nodules Leghaemoglobin content
Control |Imazethapyr| Carfentrazone- | Control| Imazethapyr | Carfentrazone-
ethyl ethyl

DKG 1030 0.46 0.09 0.21 35 29 24
JG 1362 0.33 0.06 0.21 4.2 2.1 3.6
GPF 2 0.33 0.08 0.13 4.0 23 2.7
GL 22044 0.30 0.10 0.22 35 2.7 3.1
GL 26016 0.28 0.13 0.11 3.1 2.7 29
GL 28202 0.27 0.10 0.19 3.1 2.5 24
GL 28203 0.27 0.07 0.14 33 1.5 29
GL 10047 0.28 0.26 0.28 7.2 2.8 6.4
GL 11026 0.33 0.19 0.25 43 3.8 33
GL 12003 0.30 0.24 0.26 3.6 3.1 3.0
GL 12021 0.22 0.06 0.08 35 22 29
GLW 44 0.41 0.19 0.38 4.8 4.1 3.1
GLW 187 0.33 0.15 0.17 34 3.0 32
GLW 188 0.17 0.14 0.15 3.7 3.0 32
GL 13016 0.27 0.13 0.16 5.1 2.6 29
GL 13022 0.36 0.12 0.19 5.0 2.6 3.0
PBG 1 0.35 0.09 0.26 43 34 3.6
PDG 4 0.65 0.13 0.43 52 3.5 4.1
PBG 5 0.25 0.14 0.20 9.3 39 3.5
FLIP-05-93C 0.28 0.15 0.23 5.1 2.8 39
GLW 11 0.11 0.20 0.24 35 2.7 3.6
DKG 876 0.32 0.16 0.18 4.2 2.7 3.0
GLW 125 0.29 0.11 0.08 3.1 24 2.1
GL 27023 0.31 0.10 0.14 33 2.5 29
Mean 0.30 0.10 0.20 4.3 2.8 3.2
CD (5%) G=0.003 , T=0.009, GxT=0.01 G=0.10,T=0.03,GxT=0.18
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respectively) and the lowest was recorded in imazethapyr application. Application of
herbicides in general reduced nodules specific weight (Kumar er al 2015). There was
significant decrease in root dry weight accumulation in chickpea genotypes in reponse to

isoxaflutole (Datta et al 2006).
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Fig. 1:

Photosynthetic rate (umole CO, m? s') and Leaf area index (cm® of chickpea
genotypes under various treatments.
4.3.1 Photosynthetic rate
The photosynthetic rate is the fraction of light energy converted into chemical
energy during photosynthesis in plants and algae. In this study, GL 10047 (2.61 pmole CO,
m?s") exhibited maximum photosynthetic rate, showing its tolerance but GL 27023 (0.49
umole CO, m™s" ) showed sensitivity towards carfentrazone-ethyl and GL 28023 had the
least value while GLW 44 gives higher rate of photosynthesis among imazethapyr treated
plants. In unsprayed plants, maximum photosynthetic rate was exhibited by GLW 188 (4.77
umole CO, m?s™') and minimum was showed by DKG 1030 (1.90 pmole CO, m?s™).
Overall, from herbicidal treatments, imazethapyr has an adverse effect on photosynthetic rate
(Fig. 1). Bigot et al (2007) confirmed the strong inhibition of net photosynthesis and parallel
decrease of stomata conductance and transpiration as well as the photosystem II activity

decline in Vitis vinifera due to herbicide flumioxazin.
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4.3.2 Leaf area index

Maximum leaf area index in Carfentrazone-ethyl treated plants was 2.0 and minimum
was 0.3, whereas in Imazethapyr treated plants maximum was 2.3 and minimum was 0.3,
whereas in Control treated plants maximum was 2.6 and minimum was 0.8 (Fig. 1). Pre
emergence application of pendimethalin @ 0.9 kg ha-1 + post-emergence application of
oxadiagryl @ 90 g ha-1 60 DAT and weed free treatment remain at par and recorded
significantly higher plant height, leaf area index in onion (Rathod et al 2014). Plant height
and leaf area index were reduced in the weedy treatment compared to the hand-hoeing
treatment (Aboali and Saeerdipour 2015). A higher leaf area index (leaf area per unit ground
area) implies a greater photon flux density (PFD) captured by canopy leading to higher
chlorophyll content and photosynthetic production (Manzoor and Goutam 2014).

4.3.3 Hill reaction activity

One of the first steps of photosynthesis, known as the Hill reaction, is the splitting of
water to donate two electrons to the reaction center; this reaction can be used to evaluate
photosynthetic capability (Ye et al 2009). The Hill reaction represents the photochemical
activity of either one (PS II) or both photosystems of the chloroplast and characteristically,
involves the photochemical oxidation of water with evolution of oxygen in the presence of a
suitable electron acceptor. Treatment of plants with carfentrazone-ethyl lead to the conclusion
that minimum hill reaction activity (mg'l chl h™), was found in GL 12021 (0.022) and
maximum was detected in GL 10047 (0.089) (Table 4.7). While treatment with imazethapyr,
GL 12021 (0.017) again showed least activity and PBG 5 (0.070) exhibited highest activity
(Table 2). In untreated plants, GL 27023 and GL 12021 (0.096) displayed minimal effect and
peaked in GL 13016 (0.140).

As the ability of chlorophyll a to split water in the reaction center of PSII680
decreased, the Hill reaction activity also decreased with increasing concentrations of a toxic
substance (Ghasemi et al 2012).

4.3.4 Cellular respiration

Triphenyl tetrazolium chloride, TTC, or simply tetrazolium chloride (with the
formula 2, 3, 5-triphenyl-2H-tetrazolium chloride) is aredox indicator commonly used in
biochemical experiments especially to indicate cellular respiration. TTC is used to
differentiate between metabolically active and inactive tissues. The white compound is
enzymatically reduced to red TPF (1, 3, 5-triphenylformazan) in living tissues due to the
activity of various dehydrogenases (enzymes important in oxidation of organic compounds
and thus cellular metabolism), while it remains as white TTC in areas of necrosis since these
enzymes have been either denatured or degraded. The extent of denaturation of
dehydrogenase enzyme was comparatively higher for control than herbicidal treatment. The

% reduction to formazon was found maximum in controlled conditions while its treatment
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Table 4.7: Hill reaction activity (mg™ chl h™"), cellular respiration (% ) and malondialdehyde content (u moles g dw) in leaves of chickpea genotypes
at flowering stage

Genotypes Hill reaction activity Cellular Respiration Malondialdehyde content
Control | Imazethapyr | Carfentrazone-ethyl | Control | Imazethapyr | Carfentrazone-ethyl | Control | Imazethapyr | Carfentrazone-ethyl
DKG 1030 0.108 0.035 0.057 28.6 25.5 24.5 8.96 8.60 16.88
JG 1362 0.125 0.023 0.048 323 19.8 19.9 9.52 21.19 12.26
GPF 2 0.128 0.04 0.074 41.1 30.8 23.0 7.92 14.17 16.87
GL 22044 0.131 0.031 0.056 28.6 23.4 21.9 7.18 10.93 12.52
GL 26016 0.134 0.027 0.030 333 27.6 17.5 7.02 11.40 13.87
GL 28202 0.115 0.041 0.061 83.0 31.2 15.1 8.44 8.61 24.22
GL 28203 0.124 0.029 0.060 31.2 20.1 19.7 4.94 28.01 10.98
GL 10047 0.121 0.068 0.089 32.8 32.6 30.9 6.84 11.96 10.08
GL 11026 0.104 0.065 0.046 40.2 34.1 23.0 6.11 11.26 11.47
GL 12003 0.103 0.042 0.08 52.7 274 26.0 10.17 13.48 16.31
GL 12021 0.096 0.017 0.022 44.2 20.3 17.5 8.87 17.62 21.01
GLW 44 0.126 0.058 0.049 374 334 24.7 8.23 10.48 12.28
GLW 187 0.103 0.035 0.068 29.4 26.4 24.1 10.18 13.57 16.77
GLW 188 0.085 0.034 0.062 36.6 28.1 26.8 7.08 10.63 16.44
GL 13016 0.140 0.023 0.036 30.3 29.9 20.5 9.90 12.83 15.62
GL 13022 0.101 0.052 0.039 29.1 25.7 21.5 7.59 1391 14.45
PBG 1 0.123 0.038 0.066 34.7 29.5 23.4 14.10 14.95 11.21
PDG 4 0.111 0.042 0.081 31.2 28.5 31.8 9.69 11.27 10.78
PBG 5 0.115 0.070 0.061 60.9 354 18.1 8.76 9.13 10.19
FLIP-05-93C | 0.102 0.031 0.054 62.3 31.6 23.9 7.63 10.64 12.53
GLW 11 0.107 0.023 0.082 63.1 27.1 29.1 8.12 12.87 10.53
DKG 876 0.109 0.029 0.073 25.3 22.7 17.3 7.55 15.47 11.21
GLW 125 0.114 0.047 0.032 46.5 22.5 15.8 6.62 10.60 28.27
GL 27023 0.096 0.059 0.034 63.8 23.6 13.8 7.76 11.44 31.27
Mean 0.110 0.040 0.060 41.6 274 22.1 8.30 13.13 15.33

CD (5%)

G=0.0004, T=0.001 GxT=0.022

G=0.60, T=0.21, GxT=1.04

G=0.02,T=0.009,GxT=0.05




with both the herbicides had shown a negative effect on cellular respiration. Highest
respiration rate was shown by carfentrazone-ethyl treated plants in PDG 4 i.e., 31.8% and
least was shown in GL 27023 i.e., 13.8% , On the other hand, in imazethapyr treated plants
the maximum value observed was 35.4% for PBG 5 and minimum value noted was 19.8%
for JG 1362. Whereas in control treatment, maximum and minimum values were 83% for GL
28202 and 25.3 % for DKG 876 respectively. Carfentrazone-ethyl and imazethapyr had a
significant impact on all genotypes but had a minimal effect in control (Table 4.7). The
reduced respiration rate after herbicide treatments may be explained by a lack of
respiration substrates resulting from an impairment of photosynthetic assimilation.
Chodova and Zemének (1971) reported that simazine herbicide gives a lower

respiration rate as compared with the controls in the majority of cases, independent of the
means of application of the herbicide.
4.3.5 Lipid peroxidation

The polyunsaturated fatty acids produced by membrane lipid peroxidation are
degraded to form malondialdehyde (MDA) which has a deleterious effect on membrane
lipids.Tolerance was a result of accumulation of antioxidants protecting membrane lipids
against peroxidation. Malondialdehyde content was found to be highest under carfentrazone-
ethyl treatment as compared to imazethapyr and control one (Table 4.7). However, under
carfentrazone-ethyl treatment highest MDA content was observed in GL 27023 (31.27 u
moles g dw) followed by GLW 125 (28.27 u moles g dw), GL 12021 (21.01 umoles g dw)
while DKG 1030 (8.60 umoles g' dw) showed maximum MDA among twenty four
genotypes under imazethapyr treatment. In unsprayed plants, maximum was 14.10 pmoles g
dw in PBG 1 and minimum was 4.94 p moles g dw in GL 28203. Malondialdehyde (MDA)
concentrations in chickpea genotypes remained relatively stable under control conditions.

Increased MDA levels may be due to the accumulation of Proto IX in the cytoplasm,
which subsequently generates active oxygen species (AOS) upon light activation (Jung et al
2004). Changes in MDA concentration in a tissue is a good indicator of the structural integrity
of the membranes of plants sensitive to protoporphyrinogen oxidase (PROTOX) - inhibiting
herbicides (Loreto and Velikova 2001). It has been well known that MDA accumulation
causes the oxidation of unsaturated fatty acids in plant membranes thereby impairing
membrane permeability (Djebali et al 2005).
4.4 Yield and yield contributing attributes

Herbicide treatments affected yields significantly. The decrease in yield attributes and
seed yield under these treatments may be because of the damage caused by herbicides. Due to
better indendence of weeds in control, genotypes accumulate more dry matter, consequently
greater translocation of photosynthtates to the reproductive parts and reflected in superiority

of yield attributes and ultimately higher seed yield. A negative effect of herbicides on seed
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yield was observed. Significant seed yield reduction was observed for both herbicides.

A negative effect of herbicides on seed yield was observed. Significant seed yield
reduction was observed in sensitive genotypes irrespective of herbicide. The variation in yield
can also be related to the recovery ability of the genotype against herbicide carfentrazone-
ethyl. Irrespective of treatment, under carfentrazone-ethyl treatment, PDG 4 (14.0g) showed
good response in terms of yield and least yield was found in GL 27023 (2.8g). PBG 5
exhibited maximum yield (5.5g/plant) and minimum yield was observed in GL
28203(1.4g/plant) under imazethapyr. For untreated plants maximum yield was 20.0g which
was observed for genotype GL 28202, and minimum yield was 7.0g in GL 12021.
Imazethapyr had a more pronounced effect on yield of chickpea plants as compared to
carfentrazone-ethyl (Table 4.8).

The highest chickpea yield was recorded in weed free treatment and poor yield of
chickpea was mainly due to toxic effect of imazethapyr on chickpea plants (Kumar et al
2015). Two hand weeding treatment registered the highest grain yield (1776 kg/ha), which
was, however, on par with all imazethapyr treatments (Singh et al 2014). Similar findings
were also reported by Taran et al (2013) in chickpea, in which they observed yield reduction
and which was corresponded to the severity of visual injury symptoms. Wall (1996) reported
that imazethapyr severely decreased lentil yields, also drawing attention to similar effects of
imazamethabenz. In soybean, post-emergence herbicides caused yield loss upto 18% reported
by Johnson (2002).

Maximum pods per plant under carfentrazone-ethyl treatment were 43 and minimum
were 13, under imazethapyr treatment, maximum were 20 and minimum were 8, whereas in
control, maximum were 57 and minimum were 22. Pods/plant is known to have significant
positive correlation with grain yield in lentil (Singh et al 2009). Higher profitable pod yield of
summer groundnut was also reported by Raj er al (2008) with keeping the crop in weed free
condition. The results corroborate the findings of Vyas et al (2000) and Pandya et al (2005)
and many others who reported enhanced soybean yield due to various weed control
treatments. Pods per plant and 100-seed weight was higher in control as compared to other
weed management treatments in soyabean (Peer er al 2013). Aboali and Saeerdipour (2015)
reported that herbicide treatments had less pod numbers than free weed control the highest
pod number per plant (18.75) was observed in weed free treatment.

Weed free treatment recorded the highest number of branches and pods per plant,
100-seed weight and also seed yield (0.98 t/ha) which were statistically at par with two hand
weeding, pendimethalin fb pinoxaden and pendimethalin fb clodinafop (Kumar et al 2014).

Among carfentrazone-ethyl treated plants, maximum 100-seed weight observed was 27.3 and
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Table 4.8: Yield per plant (g), 100-seed weight (g) and pods/plant of chickpea genotypes

8¢

Genotypes Yield per plant 100-seed weight Pods per plant
Control | Imazethapyr | Carfentrazone-ethyl | Control | Imazethapyr | Carfentrazone-ethyl | Control | Imazethapyr | Carfentrazone-ethyl

DKG 1030 11.3 2.3 8.6 16.2 13.0 14.6 39 17 22
JG 1362 9.9 1.5 8.4 214 9.1 18.5 31 8 23
GPF2 11.3 1.8 9.1 16.3 12.1 13.1 43 13 24
GL 22044 8.9 4.1 8.5 28.1 11.6 20.6 31 10 25
GL 26016 11.5 4.1 7.5 18.7 18.4 17.5 48 11 29
GL 28202 20.0 1.8 7.5 16.3 15.3 16.2 30 17 23
GL 28203 11.2 1.4 7.2 16.3 10.5 14.7 40 10 25
GL 10047 13.3 35 10.1 28.7 11.1 27.3 38 11 33
GL 11026 19.0 5.0 7.0 26.2 25.4 22.4 22 19 13
GL 12003 11.3 2.6 8.8 18.3 17.0 15.0 36 15 19
GL 12021 7.0 1.8 6.2 18.1 10.9 13.0 34 9 17
GLW 44 11.7 4.3 6.1 25.4 24.6 14.7 31 20 28
GLW 187 9.8 2.7 9.4 12.7 11.2 14.2 57 10 27
GLW 188 19.7 2.9 11.9 20.2 13.6 16.0 43 19 28
GL 13016 15.3 2.1 10.0 16.5 13.8 15.6 56 10 30
GL 13022 114 2.0 9.2 21.6 17.5 21.1 33 10 30
PBG 1 12.3 3.9 10.3 15.0 124 13.0 47 14 16
PDG 4 15.8 3.9 14.0 26.9 11.8 25.5 45 16 43
PBG 5 114 5.5 10.6 24.8 20.9 18.4 26 17 21
FLIP-05-93C 8.3 33 7.0 29.4 15.0 23.6 31 10 25
GLW 11 13.6 3.4 12.1 13.1 11.7 24.0 36 9 32
DKG 876 15.3 1.5 8.2 15.9 12.0 15.6 28 16 17
GLW 125 11.4 2.5 5.8 13.6 11.7 12.3 48 13 16
GL 27023 12.6 1.9 2.8 15.2 14.4 12.4 40 15 13
Mean 12.6 2.9 8.6 19.8 14.4 17.5 38.0 13.3 24.1
CD (5%) G=0.25, T=0.08, GxT=0.43 G=0.34, T=0.12, GxT=0.60 G=0.98,T=0.35,GxT=1.69




minimum was 12.3, from imazethapyr treated plants, maximum was 25.4 and minimum was
9.1 and in control, maximum was 29.4 and minimum was 13.1. Hence, final yield was
reduced due to low harvest indexes and reduced plant growth.
4.3 Biochemical traits (In leaves during reproductive phase)
4.3.1 Total soluble sugars

The accumulation of soluble sugars may indicate an adaptive response to both
herbicides, as well as contributing to osmotic adjustment when plants were exposed to
herbicidal stress. Royuela et al (2000) reported that Imazethapyr treatment leads to

increase in leaf soluble carbohydrates. However, the decrease in soluble sugar concentrations
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in leaves may also be associated with a reduction in photosynthetic activity. GL 10047
accumulated maximum sugars with carfentrazone-ethyl (Fig. 4.2) while PBG 5 showed
highest total soluble sugars with imazethapyr treatment (Fig. 4.3). However, it can be
assumed that the accumulation of carbohydrates was not being used for growth, maintenance,
and translocation due to herbicidal applications. Amino acid accumulation has been observed
in pea plants treated with lethal doses of glyphosate (Orcaray et al 2012). Similarly, an
increase in free amino acid contents following ALS inhibition have been widely reported
(Zabalza et al 2013).
4.3.2 Total soluble protein

The variation in protein content with herbicide application was very obvious (Fig 4.4
and Fig 4.5). GLW 11 (17.0 mg/g dw) showed higher accumulation of proteins with
carfentrazone-ethyl treatment followed by GL 10047 and PDG 4 whereas GLW 44 (16 mg/g
dw) exhibited more accumulation of soluble proteins with imazethapyr treatment. However,
GLW 11 and GLW 44 showed tolerance to carfentrazone-ethyl and imazethapyt treatment
respectively. Royuela et al (2000) also concluded that Imazethapyr caused a decrease in the
soluble protein levels. Shabana er al (2001) also showed that protein content increased in
alga treated with pendimethalin. Leaf soluble protein content in soyabean when treated with
pendimethalin was significantly higher than weed-free check treatment. According to Zulet
et al (2013), an increase in the amino acid content and decrease in the soluble protein content
decrease are very well-known effects of herbicides inhibiting amino acid biosynthesis. The

increased amino acid pool is thought to be derived from arise in protein turnover,
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suggesting that proteases might be involved in protein degradation to provide plants with

amino acids that cannot otherwise be synthesized due to herbicide inhibition. Further, they

evaluated whether these increased free amino acid and decreased soluble protein contents
were associated with major proteolytic activities.

4.3.3 Proline content
Proline plays a vital role in maintaining the osmotic balance in plants, so increases in

free proline concentrations protected genotypes against the effects of both herbicides. Proline

concentrations increased significantly when subjected to the herbicidal stress (Fig. 4.6 and

4.7).
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Fig. 4.6 Proline content in chickpea genotypes after application of carentrazone-ethyl.
Vertical bars represent Standard Error (SE) from mean of replicates
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The maximum proline content was observed in GL 10047 (2.3) and minimum in
GLW 125 (0.4) under carfentrazone-ethyl treatment, while with imazethapyr treatment,
maximum proline content was observed in GLW 44 (4.3) and minimum in GL 12021 (0.8).
Proline content was highest in the leaves of plants sprayed with the herbicides, which caused
maximal electrolyte leakage. These results are similar to those of Zhang ef al (2011) in which
application of pesticide Omethoate significantly increased proline contents in wheat plants.
Similarly, Du et al (2006) reported that proline content increased in rice plants treated with
pesticide 1, 2, 4-trichlorobenzene. The present results suggest a positive link between
herbicide toxicity and increased tissue proline and shows an adaptive role of proline in
mitigating the damaging effects of herbicides.
4.5.4 Total free amino acids

GL 10047 (21.8) showed maximum amino acids (mg/g dw) with carfentrazone-ethyl
treatment, showing tolerance and GLW 125 (7.5) found to be sensitive (Fig. 4.8), whereas
under Imazethapyr treatment, maximum amino acids were observed in GL 11026 (20.6) and
minimum in JG 1362 (6.2) presented in Fig. 4.9. It was observed that the genotypes showed
high amino acids content and lesser protein content in plants. These results are in

confirmation with results reported by Zulet et al (2013).
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4.6 Anti-oxidant enzymes
4.6.1 Superoxide dismutase activity

Generally, herbicide treatment induced activity of antioxidative enzymes. Among
Carfentrazone-ethyl treated plants, higher activity of SOD (Fig. 4.10) was found in tolerant
genotype GLW 11 (269.0 unit enzyme/g FW) and decline in sensitive genotype GLW 125
(244.0 unit enzyme/g FW). In case of Imazethapyr treated plants, higher activity was showed
by tolerant genotype PBG 5 (271.1 unit enzyme/g FW) and decrease in sensitive genotype GL
28203 (246.8 unit enzyme/g FW) presented in Fig. 4.11.
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Tang et al (2006) reported that foliar application of methamidophos herbicide
increased the activities of superoxide dismutase (SOD) and catalase (CAT) in Chinese
cabbage as compared to unsprayed control plants. Moreover, the activities of SOD, POD and
CAT increased significantly in wheat and rice plants by applications of 1, 2, 4-
trichlorobenzene and in bitter gourd to cope up with the biotic stresses by application of
dimethoate (Mishra et al 2009).
4.6.2 Catalase activity

Catalase is an intracellular enzyme and it decomposes hydrogen peroxide to water

and oxygen (Garcia et al 2007). CAT scavenges H,O, by breaking it down directly to form



water and oxygen, and an increase in its activity is related with increase in stress tolerance.
Higher activity of catalase was exhibited in tolerant genotype GLW 11 (1204.9 AA/min/g
FW) and lower in sensitive genotype GL 27023 (380.3 /min/g FW) under Carfentrazone-ethyl
treatment (Fig. 4.12), whereas under Imazethapyr treated plants (Fig. 4.13), higher activity
was found in tolerant genotype GL 11026 (1299.1 AA/min/g FW) and lesser in sensitive
genotype JG 1362 (413.6 AA/min/g FW). Li et al (2004) reported that quinclorac, an
herbicide that stimulates the induction of 1-aminocyclopropane-1-carboxylic acid synthase
activity, in turn promoting ethylene biosynthesis, induced an increase in both CAT and SOD

activities.
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4.6.3 Peroxidase activity

Higher activity of POX was found in tolerant genotype GLW 11 (267.4 AA/min/g
FW) and lower in sensitive genotype GLW 125 (79.6 /min/g FW) under Carfentrazone-ethyl
treatment (Fig. 4.13), whereas under Imazethapyr treated plants (Fig. 4.14), higher activity
was found in tolerant genotype GLW 44 (217.4 AA/min/g FW) and lesser in sensitive
genotype GL 12021 (94.0 AA/min/g FW).
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Rajabi et al (2012) reported that metribuzin increased peroxidase activity in wheat




indicating an induced oxidative stress in herbicidal treatments.

Physiological and morpho-physiological parameters are one of the important
agricultural indices considered for the bifurcation into tolerant and sensitive genotypes. On
the former basis, various biochemical trials were carried out in a good correlation with the
present study. The integrated network of biochemical responses are one of the factors
providing tolerance capacity to genotypes. These herbicide tolerant genotypes may be

considered as donor for further breeding programs.
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CHAPTER V
SUMMARY

Chickpea (Cicer arietnum L.) is a legume of the family Fabaceae, subfamily
Faboideae. It is grown as winter sown crop in subtropics and tropics and as a spring grown
crop in Mediterranean and temperate climates. Chickpea is a poor competitor to weeds due to
slow growth rate at early stages of crop growth and establishment (Solh and Pala 1990).
Weeds compete with chickpea plants for water, nutrients, sunlight, and space and also harbor
insect-pests and diseases. If left uncontrolled, weeds can reduce chickpea yield significantly.
The present study entitled, entitled “Physiological variations in herbicide tolerance among
Chickpea (Cicer arietinum L.) genotypes” was conducted in Department of Plant Breeding
and Genetics, Punjab Agricultural University, Ludhiana with the objectives (1) Screening of
chickpea genotypes for herbicide tolerance under field conditions. (2) To investigate morpho-
physiological and biochemical traits associated with herbicide tolerance.

The study comprised of two experiments viz., Experiment 1 and Experiment 2. The
experiment 1 were undertaken in the laboratory and field area of Pulses Section, Department
of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana. In the present
study, 24 genotypes were taken for screening of herbicide tolerance.

In case of Experiment 1, screening for herbicide tolerance was carried out on the
basis of phenological development, visual scoring, physiological development, morphological
traits and yield attributes.

The phenological development was recorded for the traits like, days to flower
initiation, days to 50% flowering, days to pod initiation and days taken to maturity. Results
indicated that herbicides altered the phenological development whereas untreated plants
complete its life cycle early in analogy to treated plants. Early flowering and maturation was
accounted in GLW 44, PBG 5, GL 26016 under imazethapyr treatment and under
carfentrazone-ethyl treatment, GLW 11, GL 10047 and PDG 4 induced early flowering and
maturity among all the genotypes. There was significant reduction in morpho-physiological
parameters such as plant height, leaf area index, biomass in GL 27023, GLW 125, GLW
12021 and GL 26016 with respect to carfentrazone-ethyl treatment. On the contrary, GL
10047, GL 11026, PDG 4 and GLW 11 lead to less reduction in morpho-physiological traits
under carfentrazone-ethyl. The genotypes GL 11026, PBG 5, FLIP-05-93C and GLW 44
showed least reduction and higher reduction was observed in GL 28203, GL 12021 and JG
1362 with imazethapyr treatment.

Herbicides also exhibited significant effect on physiological processes of chickpea
genotypes. Physiological parameters like photosynthetic rate, hill reaction activity,

leghaemoglobin content, cellular respiration also showed decline with herbicide treatments.



The effect of carfentrazone-ethyl was least in GL 10047 and PDG 4 while more in GL 12021
and GLW 125. In case of imazethapyr treated plants, higher effect of herbicides was found in
GL 28203, GL 12021 and DKG 876 while GL 11026, PBG 5 and GLW 44 had least effect of
this herbicide on physiological development. Lipid peroxidation increases with increasing
herbicide stress but the increment was higher in sensitive genotypes GLW 125 and GLW
28203 under carfentrazone ethyl treatment and instance to imazethapyr treatment, JG 1362
and GL 28203 exhibited higher malondialdehyde content.

Yield and yield attributes were reduced by herbicide stress in both herbicide
treatments. Higher yield per plant was observed in PDG 4, GLW 11 and GLW 188 under
carfentrazone-ethyl treatment while in case of imazethapyr higher yield was exhibited by
PBG 5, GL 11026 and GLW 44. Maximum numbers of pods per plant and 100-seed weight
was observed in GL 10047, PDG 4, GLW 11 and FLIP-05-93C under carfentrazone-ethyl
treatment and in GL 11026, GLW 44 and PBG 5 among imazethapyr treated plants.

With the exposure of herbicide stress, a number of biochemical changes take place in
chickpea. On the basis of all the above observations, six genotypes from each treatment were
selected (three tolerant and three sensitive). Proline concentration hiked significantly under
herbicide treatments. Proline is an osmoprotectant under any stress conditions, its
concentration increases in plants. The capstone genotypes were GLW 11, GL 10047 and PDG
4 which showed a significant increase in proline accumulation and least addendum was found
in GLW 125 followed by GL 12021 and GL 27023 with carfentrazone-ethyl effect while with
imazethapyr, GLW 44, PBG 5 and GL 11026 showed pronounced effect and JG 1362, GL
28203 and GL 12021 showed less accumulation of proline. Total soluble sugars and free
amino acids in leaves accumulated more in tolerant genotypes GL 10047, PDG 4 and GLW
11 and least accumulation in sensitive genotypes GLW 125, GL 12021 and GL 27023 among
carfentrazone-ethyl treated plants was observed. In case of imazthapyr treatment, maximum
total soluble sugars and total free amino acids in leaves were recorded in PBG 5, GLW 44 and
GL 11026 while minimum were found in GL 28203, GL 12021 and JG 1362. Total soluble
protein declined in analogy to free amino acids but were higher from untreated plants. A
similar trend was exhibited by carfentrazone-ethyl and imazethapyr treated plants for total
soluble sugars and free amino acids. Among the antioxidative enzymes, higher activity of
CAT, SOD and POD were observed in tolerant genotypes as a result of defence mechanisms
induced by plants under stress conditions. SOD activity was found to be higher in GLW 11
and least in GLW 125 with carfentrazone-ethyl treatment while with imazethapyr treatment,
higher SOD activity was exhibited by GLW 44. The significant differences in CAT and POD
activity was also recorded.

Based on the results of all the parameters undertaken in the present investigation, GL

10047, PDG 4 and GLW 11 were found to be the most tolerant and GLW 125, GL 12021 and
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GL 27023 were considered to be sensitive against carfentrazone-ethyl. In case of
Imazethapyr, PBG 5, GLW 44 and GL 11026 were found to be tolerant and GL 28203, GL
12021 and JG 1362 were sensitive. GLW 125, GL 12021, GL 27023 GL 28203 and JG 1362
were considered as sensitive to herbicidal stress. GL 12021 was found to be sensitive to both
of herbicides.

To summarize, all the plant traits including phenological, morphological,
physiological, biochemical and yield attributes pitch in selecting the genotypes for post-

emergence herbicide tolerance which can be used as a donor in breeding programme.
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