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DISCUSSION

5.1. Observations on M, generation
5.1.1. Percent seed germination

The inhibitory effect on seed germination was directly proportional to the
dose/ conc. of gamma radiation, EMS and their combinations (Table-4.1 and Plate-
III). Inhibitory effects on seed germination by the above mentioned mutagens were
reported earlier by Kulkarrfi (1978), Rudraswarfii (1983) and Dalvifié%) in
horsegram, Toker and Caﬁfgan (2004) in chickpea, Badigannavarand Murty (2007)
and Venkatchalam and Jayabalan (1997) in groundnut. Reduction in percent seed
germination due to gamma radiation was also reported in blackgram (Bhamburkar and
Bhalla, 1985), cowpea (Ahmed,_1999), Lathyrus (Waghmare efid Mehra 2001),
pigeon pea (Potdukhe and-Narkhede, 2002), soybean (Kartika and_Subba Laximi,
2006), lentil (Gaikwad and Kothekar, 2004a) and urdbean (Sharma gt-al., 2005).
Decrease in percent seed germination with increasing concentrations of EMS was
reported by Senapati et-al., (2008) in blackgram, Girija and Dhanvel (2009) in
cowpea, Auti (290?) in mungbean and Barshile (2006) in chickpea.

Decrease in percent seed germination in horsegram caused by gamma
radiation, EMS, and their combinations might be due to their effects on genetical and
cytological processes coupled with the changes induced in metabolic processes. The
decrease in seed germination was mainly due to the interference of mutagens with
metabolic activities of the seeds (Sjoding1962). Sinha and Godwzard (1972) opinioned
that the reduction in percentage of seed germination and survival was due to the

disturbances caused at the physiological level coupled with chromosomal damage.

Gamma radiation, EMS, and their combinations are potent mutagens, well
known for their action causing point mutations, enzyme inhibitions and chromosomal
aberrations (Auti, 2005). The observed reduction in seed germination in horsegram as
a result of treatments of these mutagens might be due to point mutations or the
injuries caused to the genetic material. This may eventually lead to decrease the rate
of respiration and energy production, which finally caused decrease in seed

germination.
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5.1.2. Seedling injury

Seedling injury in M; generation increased with the increase in dose/ concs. of
both the mutagenic treatments and their combinations (Table-4.2). The findings of
Kulkamm 978) and Rudraswami (1983) in horsegram, Toker and Cagitgan (2004) in
chickpea, Sharma ef al., (2005) in urdbean, Badigannavar and Murty (2007) in
groundnut and Senapati et al., (2008) in blackgram were in agreement with our results
in horsegram. Busey (1980) claimed that it was due to chromosomal and extra
chromosomal damage of the cells in treated seedlings. The inhibitory effect was due
to reduction in number of cells contributing to seedling growth (Bhamburk{rv,jl981).
Choudhary and Nimiﬁl{(1976) reported that reduction in seedling growth was due to
arresting of mitotic cycle. The seedling injury was mainly due to the decreased
activity of an amylase and peroxidase in germinating seeds (Rao and-Rao, 1982).
Barshile/(2606) indicated that the mutagens cause disruption in synthesis of
polypeptides and result in to seedling injury. The seedling injury in horsegram after

mutagenic treatments can be ascribed to above cited reasons.

5.1.3. Pollen sterility

The results obtained (Table-4.2) on pollen sterility in horsegram revealed that
GR, EMS and their combinations were effective for inducing pollen sterility in M,
generation, but gamma radiation induced higher pollen sterility, followed by
combination treatments and EMS. The rate of pollen sterility increased with increase
in dose/ conc. of the mutagens. These results are in agreement with SinM al.,
(2000), Muthusamy and Jayabalar-(2002) in urdbean and Kharkwel 21998a) n
chickpea.

Sharma et al.,’i,;.004) reported dose dependent increase in pollen sterility of
chickpea due to EMS and gamma rays. They attributed the radiation induced sterility
to cryptic deletions and specific gene mutations while the sterility caused by EMS to
chromosomal aberrations. Induction of pollen sterility in Lathyrus (Wagiﬁlre and
Mehra, 2001), pigeon pea (Potduk«lﬁ/;cmd Narkhede, 2002), soybean (KaM and
Subba Laximi, 2006), lentil (Gaikwadﬁid Kothekar, 2004a) and urdbean (Sharm1a et
al, 2005) was reported previously. Gautam et /df, ' (1992) reported that the
combination treatments of gamma radiation and EMS (40kR + 20mM EMS) caused

higher pollen sterility in Vigna than the single treatment.
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5.1.4. Survival of plants at maturity

The survival percent in horsegram was decreased as the dose of gamma
radiation increased (except 100Gy) (Table-4.2). Decrease in survival percent due to
mutagenic treatments was reported by Kulkarei (1978), Rudraswami(1983) and Dalvi
(1990) in horsegram, Auti (2005) in mungbean, Barshile.(2006) in chickpea,
Badigannavar and}Mu'rty (2007) in groundnut, Dhanavel et.af’, ’(2008) and Gigy an(’i’
Dhanvel (2009) in cowpea, Kavithamni et al., (2008) in soybean and Potdulei€ and

Narkhede (2002) in pigeonpea. Khan and 116((2000) also reported adverse effect of
GR+EMS on survival percentage.

5.2. Quantitative characters (Micromutations)

Almost all reports on induced mutation studies in different crop plants have
reveled physical damage in M; generation, there by inducing changes in quantitative
characters. All the mutagenic treatments except few brought about decrease in the
plant height, number of primary branches per plant, days required for first flowering
and first pod maturity, number of pods per plant, pod length, number of seeds per pod
and seed yield per plant (Table-4.3) in horsegram cv. Dapoli Kulthi-1 during M,
generation. Earlier reports in blackgram, soybean, and grasspea were in confirmatory
with present findings (Misra, 1992, Rakshit and Singh, 2001, Rybinski, 2003, Patit et
al., 2004, Sharma et Cy{; 2005 and Senapati ef al., 2008).

The genes responsible for diverse types of traits, which are distributed
throughout the genome, might have been affected by the mutagens all resulted in to

different types of micromutations (Senapati et ﬁ, (2008).

5.3. Observations on M, generation

5.3.1. Chlorophyll mutations
Amongst all the treatments used EMS had induced the highest chlorophyll

mutation frequency, followed by gamma radiations and combination treatments
(Table-4.4). Dalvi /(’1’990), Prakash and Halaswan{y/,’ (2006) and Mapigopa-
Chakraborty et al., (2005) have also reported induction of chlorophyll mutation in
horsegram with GR, EMS and their combination. The work of Kartika_and Subba
Lakshmi (2006) in soybean supported the above findings. Kumar et.al., (2009) also
reported highest range of chlorophyll mutations in mungbean with EMS as compared
to GR and combination treatments. Singh _g#"al., (2000) in mungbean, Da§/aﬁd
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Kundagéfni (2000) in grasspea, Nandanwar m ;atil (2000) in Vigna, Rajpa/t/énd
Sarwar (1996) and Paul and §m§h (2002) 1n lentil and Kumar ef al., (2007) in
blackgram reported chlorophyll mutants with GR, EMS and their combinations. The
induction of chlorophyll mutants in combination treatments was reported by Kdfan
(1982) in mungbean.

The frequency of chlorophyll mutations in horsegram increased only up to
certain dose/ conc. of the mutagens and there after decreased at higher dose/conc.

Barshile gt'al., (2005) and Auti (4@65) supported the above findings.

5.3.1.1. Types of chlorophyll mutants

Reddy and Annadurai (1992) claimed that chlorophyll mutation can be used as
an index for evaluating the mutagenic action of different mutagens. It is also
important for assessing the potency of mutagen and also can be used as an indicator of
factor mutations. Chlorophyll mutations are used as a dependable index for evaluating
the genetic effects of mutagens. Chlorophyll mutations have been used for assessing
the effectiveness / efficiency of mutagens and predict the size of vital factors of
mutations. Mehraj-ud-din-et al., (1999) in Vigna, Sharma<¢? al., (2006) in urdbean,
Sagade (2908)/in urdbean, Ahirq/(dﬁoé) and Tambe et a£;(2010) in soybean reported

chlorophyll mutants like albina, xantha, chlorina and viridis (Plate-V).

5.3.1.2. Frequency and spectrum of chlorophyll mutations

Albina, xantha, chlorina and viridis were found to be the most abundant type
of chlorophyll mutants induced by GR, EMS and combination treatments in
horsegram (Table-4.4). Amongst the mutagens used EMS emerged as most effective
mutagen to produce highest frequency of chlorophyll mutations; it was followed by
gamma rays and combination treatments.

Chlorophyll mutation frequency was used as mutagenic parameters by
different workers like Reddy and Smith (1984), Datta and Blshés (1985), Recpy’and
Annadurai (1992), Reddy(1992) and Zareen andﬁl (1995).

Mehraj-ud-din o dl., (1999) reported decrease in mutation frequency at higher
dose, as attributed to chromosomal aberrations or saturation in the mutational events.
Some workers like Nerkar and Mote (1978a) similarly reported that the chlorophyll

mutations were independent of the dose of gamma rays.
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Maximum chlorophyll frequency with EMS was also reported by mal
(1998b) in chickpea and Koli and Ramkrishna (2002) in Trigonella. Chlorina,
xantha, albina and viridis type of chlorophyll mutants were recorded by Vanhirajan et
al., (1993) in blackgram and Mehraj-ud-din et al., (1999) in mungbean during M,
generation.

Manja:yﬁt al., (2007) and Tambe M, (2010) also observed albina, xantha,
chlorina and virescent chlorophyll mutations in gamma rays treated soybean. They
attributed these genes concerned with the development and expression of chlorophyll
pigments. Lyakh er<al., (2005) and Soroka anﬁ/I;yakh (2009) observed six different
types of chlorophyll mutations in M, generation of sunflower with EMS.

Kumar ?a‘l., (2007) in blackgram, Ignacimathu andg’Babu (1993) in mungbean
and urdbean reported that frequency of chlorophyll mutation was very low and
fluctuating under different dose/ concs. of mutagens. It is inconformity with the
results of present study. Kumgri (1996) also reported that spectrum and frequency of

chlorophyll mutation was dependant on the dose/ concs. of mutagens.

5.3.1.3. Mutagenic effectiveness and efficiency

Effectiveness and efficiency both are the important parameters to evaluate the
usefulness of the mutagens. Effectiveness of the mutagen is the number of mutations
produced per unit of the mutagen dose, while efficiency is the ratio of specific
desirable mutagenic changes to undesirable effects such as lethality, sterility and
seedling injury (Konzak et al., 1965 and Gaulréﬁ, 1970)

In present investigation, lower doses/conc. of gamma radiations, EMS, single
and in combinations showed higher mutagenic effectiveness and efficiency (Table-4.5
and 4.6). Similar results were reported by Girija and Dhénavel (2009) in cowpea,
Shah et al., (2008) in chickpea, Solanki and-Sharma (1994) in lentil.

%umari/((lvg%) had studied mutagenic effectiveness and efficiency of gamma
rays, EMS and their combination in Vicia faba. Mutagenic effectiveness was in order
of EMS > Gamma rays + EMS > Gamma rays + water > Gamma rays. Chemical
mutagens were found to be more effective than gamma rays in mungbean (Singh et
al., 2000). Girija and Dhanavgl (2009) reported that in cowpea mutagenic
effectiveness and efficiency increased with the decreased dose/ concentrations. EMS
was more effective and efficient in causing mutations as compared to gamma rays and

the combination treatments. The results reported by Dhanave/l/ﬁ’al., (2008) in cowpea
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were in agreement with the above findings. Chemical mutagens were more efficient
than physical ones in inducing viable and total number of mutations in mungbean
(Auti and Agparao, 2009). Our results were also in conformity with the above
findings supporting that EMS was highly effective to induce mutations in horsegram
through GR and GR + EMS.

In the present investigation lower concentrations of EMS showed higher
mutagenic effectiveness. Sharma et % (2005) also reported higher mutagenic
effectiveness at lower dose /concentrations of EMS and gamma rays in urdbean. The
decrease in effectiveness with increasing concentrations of mutagen had been reported
by several authors like Koli and Ramkrishna (2002) in mungbean, Sharpaet al.,
(2006) in urdbean, Barshjle et al., (2005) and Shah etal., (2008) in chickpea, Kysar
et al., (2007) in blackgram, Dhanavel gt-al., (2008) in cowpea, Satpute (2009) in lentil
and Shirsat et al., (2010) in horsegram.

Increasing trend in lethality percentage was observed with increasing dose of
gamma rays in case of dry as well as soaked seed treatments in mungbean (Kuredr ez
al., 2007). Similar results were also found by Sagade ot{l., (2008) in urdbean.

Mutagenic efficiency is referred to as the frequency of chlorophyll mutations
in relation to damage caused in M, generation. Both the mutagens exhibited gradual
decrease in mutagenic efficiency with the increasing concentration or doses with
respect to lethality, seedling injury, and pollen sterility. Similar was the finding of
Konzak et cg{ (1 965), Harsull;af (1994), Solanki and Shdrma (1994), Mehraj_ud-din
et al, (1999), Mitra and Bhowmik (1999) and Koli and Ramikrishna (2002).
According to Konzak et ¢#, (1965), higher efficiency at lower concentration of a
mutagenic agent is due to the biological damage (like lethality, seedling injury and
sterility), which increases with increase in dose at faster rate than the mutations.
Sharma et al.z({OOS) in urdbean reported that the lower doses of mutagens were more
efficient than the higher once.

The responses of physical and chemical mutagens are always influenced by
number of biological, environmental and chemical factors. According to BlixjA1 970),
effectiveness of any mutagen depends on its dose or concentration and specificity to
act on gene and genetic make-up of the cultivars. The exact mechanism, by which

these factors influence mutation frequency, is not known.
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5.3.1.4. Mutation rate

The treatments of EMS were very effective than GR for inducing the highest
mutation with reference to pollen sterility and effectiveness. Gamma radiation{ XE
"Gamma radiation" } gave higher rate of mutations followed by EMS and
combination treatments for lethality. Results of the present study are in agreement
with findings of Auti (2605) in mungbean.

The trends observed in mutation rate in M, generation were:

On the basis of lethality: Gamma radiations > EMS > Combination treatments

On the basis of seedling injury: Combination treatments > EMS > Gamma radiations
On the basis of pollen sterility: Gamma radiations > EMS > Combination treatments
On the basis of effectiveness: EMS > Combination treatments > Gamma radiations

The results have clearly indicated that high mutation rates were obtained with
moderate dose of mutagen. To increase the mutation frequency and mutagenic rate
specific mutagen, in appropriate concentrations will be effective (Auti, 2005).

Efficient mutagenesis is the production of desirable changes with minimum
undesirable effects. In mutation breeding programme, a high mutation rate
accompanied by minimal deleterious effects is desirable. But, generally the mutagen
dose that gives the highest mutation rate also induces a high degree of lethality,
sterility and other undesirable effects (Shirsat etaf, 2010).

5.3.2. Viable mutations (Macromutations)

5.3.2.1. Frequency and spectrum of viable mutations

Wide frequency and spectrum of viable mutations was observed in horsegram
cv. Dapoli Kulthi-1 in M, generation due to treatments of GR, EMS and GR + EMS
in different doses/ concs. (Table-4.7a-f). Higher frequency of viable mutations was
observed with EMS as compared to gamma rays. All the treatments used have
induced the widest spectrum of viable mutations. Several researchers have attributed
the differences in frequency and spectrum of viable mutations to genetic differences
in the cultivars (Crino and Sécardo, 1986, Ahmﬁd and Godward, 1993, Khaskwal,
1999a, Khar]gy(al; 2000, Gaur and,Gour, 2001and Kartika and.SubbaLakshmi, 2006).
Auti and App,arﬁc; (2009) reported that multiple mutations were due to mutations in
pleotropic gene, gene clusters, or loss of chromosomal segments. In the present
investigation, the spectrum and frequency of viable mutations were recorded. This

could be due to differential mode of action of the mutagens on different base
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sequences in various genes. The results of present study have also indicated that
horsegram cv. Dapoli Kulthi-1 was highly sensitive to mutagenic treatments. The
differential frequency and spectrum of viable mutations might be due to the individual

impact of the mutagen and its dose/ concs. employed for the treatments.

5.3.2.2. Types of viable mutations
5.2.2.2.1. Plant habit mutations

Tall and gigas mutants obtained in the present investigation showed vigorous
growth and pods with bold seeds (Plate-VI). Similar type of mutants were reported by
Singh{@/9/96) in Vigna, Wanj-and Anis (2001), Khan ez o/, (2004) and Barshile and
ApparzWOO9) in chickpea. According to Weber an;l«Gott‘schalk (1973), the increase
in plant height was due to the changes in the internodal length. Blonste#f and Gale
(1984) opinioned that, the increase in plant height was due to increase in cell number
and cell length or b‘oth. Gaikawad ™ (2002), Solanki and(S/li;rma (2003) in lentil,
Bandopadhyay }nd/ Bose (1983), Manapure and Patil (1997) in urdbean, Kumaret al.,
(2007) in blackgram, Manjaya apd Nandanwar (2007) in soybean reported tall and
gigas mutants with the treatments of physical as well as chemical mutagens.
Badiganna/\{ar and Murty (2007) in groundnut, Kothekar apd/K/othekar (1992) and
KhadlyzﬁOOS) in mothbean also noted three tall mutants.

Kharkwa}(ZOOO) reported bouquet, dwarf, bushy, spreading and erect mutants
in chickpea were induced due to gamma rays and EMS. In mungbean tall, dwarf,
compact and spreading mutants induced with SA, EMS and gamma radiation were
noted by Auti (2005). Solankj/(i’OOS) reported compactoid, bushy and prostrate
mutants in lentil with SA and EMS. Ahire (2008) observed different types of viable
mutants in soybean variety MACS 450 with GR and EMS treatments. He recorded
various viable mutations such as plant height mutants (stunted, dwarf, semi dwarf,
tall, very tall and giant). Stunted or miniature dwarf, dwarf, semi dwarf mutants, were
found in all combination treatments of GR + EMS. Kothekar ané{K&hekar (1992) had
reported spreading and semi spreading mutants in mothbean. Kumar et al., (2007)
reported erect and unbranched mutants in blackgram with gamma rays.

Dwarf and bushy mutants were also reported in Lathyrus (Kumar ,and Dubey,
1998a, 1998b) and Phaseolus (Nichter&él, 1999).
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5.2.2.2.2. Leaf mutations

Different types of leaf mutations e.g. super gigas, gigas, broad, narrow, small,
tiny, stalked, close pinnae, curly and long were observed in M, generation of
horsegram with GR, EMS and GR +EMS treatments (Plate-VII). Deepalg,k)sh'mi and
Kumar (2004) reported leathery, narrow, small, broad, ovate and lobed leaf mutants in
Vigna. Leaf mutants like small and linear were reported by Vanniraj an 6t « al., (1993)
in blackgram while broad and small, round, narrow, curly and thick leaf mutants in
soybean were reported by Kartika and“Subha Lakshmi (2006) and Manjayeand
Nandanwar (2007). Adekola andﬁfﬁléye (2007) observed morphological mutations in
cowpea such as tendrilar and broad leaflet. Kumar et‘a/l., (2007) recorded small, long,
long apex, triangular and broad leaf mutants in blackgram. Barshile arid Apparao
(2009) isolated gigas, compact and curly leaf mutants in chickpea. Mathur et al.,
(2001) and Badigannavar and Murty (2007) noted narrow, small, curly and hairy leaf
mutants in groundnut. Navale et al., (1997) isolated small, long and narrow leaflet
mutants in rajmash. Curly leaf mutants were also reported by Auti ahd/Apparao
(2009) in mungbean.

Many investigators like Kothekz((i 978), Deshpande-(1980), Hakande ‘(1992),
Kothekar eal., (1994), Satpute ¢1994), Panchbhaye (1 §§7), Apparao and Auti (2005)
and Tambe ((20'66) have reported curly and small leaf mutants in various leguminous
plant species.

Tara and Dnyar}safgéf (1979) also stated that the changes in shapes of the
leaves were due to chromosomal aberrations, induced by chemical mutagens and
ionizing radiation.

The leaf mutations obtained in horsegram may be ascribed to above cited
reasons, which may be useful as gene markers in conventional breeding. These may
be useful for understanding the genetic control of leaf formation and regulation of

their size, shape and form.

5.2.2.2.3. Maturity mutations
Early

The early mutants were recorded in M, with GR, EMS, and their combinations
(Plate-VIII). These mutants showed rapid growth and early maturity. Several workers
like Daly/{' (1990) and Rudraswaniy et al., (2006), Kothekar gnd Kothekar (1992),
Hakandg/('i 992), Thakur and Sethi (1993), Vannirajan ¢ral., (1993), Manappfe and
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Patil (1997), Solanki and"Sharma (2003), Solanki (2005), Nawg,l((Q004), Kharkwal
(2000), Barshile' (2006), Gahlot ¢t al., (2008), Sagade . (2008), Manjgya and
Nandanvar (2007), Ahire (2008) and Tambe~ (2009) reported early mutants in
horsegram, mothbean, winged bean, blackgram, lentil, cowpea, chickpea, urdbean and
soybean respectively.

In present investigation the early mutants of horsegram show pod maturity
within 50-55 DAS in the gamma radiation, EMS and combination treatments. The
agronomic traits like early flowering and pod maturity have bean always given
paramount importance, while planning the breeding strategies. GottschaB( and Wolff
(1983a) explained the early mutants could be very much useful for genecological
studies. The earliness is mainly achieved through rapid growth, during early stages of
ontogeny and initiation of first inflorescence. Early maturity in the mutants may be to

the physiological, biochemical, enzymological and hormonal changes induced by the

mutagens.

Late

The late mutants were noted in M, generation of horsegram with gamma
radiation, EMS, and their combinations (Plate-VIII). Such mutants were reported by
Kothekar and Koéthekar (1992) in mothbean, Na%leét al., (1997) in raymash, Joshi™
and Verma (2004) in fababean, Yaqoob and Abdur (2001) and Auti €005) in
mungbean, Solanki(2005) in lentil, Manjaya}, and Nandanwar (2007), Ahire 608)
and Tambe QOO}%:li)ybean.

The main reason attributed to the late maturity were inadequate production of
flowering hormones, physiological disturbances, enhanced production of a floral
inhibitors and reduced ability to respond to the floral stimulus in the shoot apex
(Beveridge‘/aﬁrd/ Murfet, 1996).

According to Zakn and-Jalani (1998) late or early maturity has agronomic
significance as these mutants suit for the specific requirement of breeding strategy.
The lateness in maturing is worthwhile to prolonging the vegetative phase and allows
the development of a strong sink which was a result to enhanced yield. In addition the
period from flowering to maturity should also be long enough for better seed filling.
The late mutants were noted in horsegram with the treatments of gamma radiation,

EMS and their combinations.
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5.2.2.2.4. Pod mutations

Pod mutations such as long, large, narrow and small were recorded in M,
generation (Plate-IX). Long pod mutants were reported by Singh ar)d/ Agarwal (1986)
in cluster bean, Sonawane (2000) in winged bean, Sharma and/Singh (1992) in
mungbean. In chickpea Khark\yal'/(ZOOO) and in urdbean Tambg’éb09) noted gigas,
long, large, narrow and elongated pod mutations. Gahlot(et al., (2008) isolated long,
narrow, bold, beaded and hairy pod mutants in urdbean. Deepalakshati and Kumar
(2004) reported smooth and short pod mutants in Vigna. Toker ar}dfégirgan (2004)
and Senapati gral., (2008) obtained big, small and short pod mutants in chickpea and

blackgram respectively.

5.2.2.2.5. Sterile mutants

Sterile mutants were noted in horsegram treated with GR, EMS and GR +
EMS (Plate-VIII). Chary apd Bhalla (1988) and Gahukdr (1994) in pigeonpea,
VMrajaW/ al., (1993), Manapure/aﬁl Patil (1997) and Kumar et al., (2007) in
blackgram, Kanhika/and Subha Lakshmi (2006), Manjaya and-Nandanvar (2007),
Ahirg (3008) and Trpabe (2009) in soybean, Toker and Cagirgan (2004), Barshilé and
Apparao (2009) in chickpea, noted sterile mutants by using different physical and
chemical mutagens.

Male sterility results in to malformation of the male reproductive organs
caused by gene transformation of stamens into carpel-like organs. Chemical mutagens
probably induce sterility due to increased sensitization of the embryo and seeds as a
result of presoaking and decreased intrasomatic selection. Male sterility may be
attributed to gene mutation or deletion (Tywte_rile mutants were recordegT
by Senapati et al., (2008) in blackgram.
5.2.2.2.6. High yielding mutants

The high yielding mutants obtained in horsegram due to treatments of GR,
EMS and their combinations showed increased number of pods and grain yield per
plant over control (Plate-XI). Such type of mutants were recorded earlier by
Vannirajan ét/ él., (1993) in blackgram, Pawar and Wa/nj'ari (1994) in pigeon pea,
Shaikh (1%86), Tickoo and Chandra (1999) and Auti (2005) in mungbean, Bareh’ﬂe
(2006) in chickpea, Manjaya and Nandanvar (2007), Ahire2008), Tambe/é009) in
soybean, Sagade (}608) in urdbean and Tripathy and Lenka (2010) in grasspea.
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