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ABSTRACT
4]
Varietal screenig of sorghum for resistance to

shootfly (Atherigona soccata Rondani)

By

B.D. Dengale
MASTER OF SCIENCE
(AGRICULTURE)
POST GRADUATE INSTITUTE,
MAHATMA PHULE KRISHI VIDYAPEETH,
RAHURI - 413 722, DIST - AHMEDNAGAR.

Major professor : Dr. B.R.Patil
Department : Agricultural Entomology
The present,i1nvestigations were conducted during
khari1f 1993 at the Depaftment of Agricultural Entomology, Post
Graduate Institute, Mahatma Phule Krishi Vidyapeeth, Rahuri
(M.S.) to select the better sources of resistance to shootfly,

Atherigona soccata Rondani and to determine the mechanmnism of

resistance to shootfly by studying the morphologhical

(physical) plant characters associlated with shootfly
resistance. Fifty sorghum entries along with four resistant
checks and two susceptible checks were selected and

(Contd..)



Y

B.D. DENGALE AGRIL . ENTOMOLOGY ABST. CONTD..
statistically laid out, field trial was conducted 11n kharif
1993. The 1ncidence of shootfly (dead hearts) was recorded to
find out less, moderately anmd highly susceptible entries. The
egg laying of shootfly was also recorded. The morphological
(physical) plant characters like leaf length, leaf breadth,
leaf length and breadth rataio, leaf area, plant height,
Trichomes, leaf colour, Slossiness of leaves, leaf surface
wetness, Srowth habit of the plants and Frecaovery resistance
were recorded

From the percentage of dead hearts ten entries were
found to be less susceptible, one entry was highly susceptible
and the remaining thirty nine entries as moderately
susceptible to shootfly.

The egg laying on the less susceptible entries and
resistant checks was aobserved to be less than the highly
susceptible entries and susceptible checks. The positive
correlation was observed between egq laying and dead hearts.

Among the marphological (physical) plant characters
leaf breadth, leaf area, green leaf colour, leaf surface
wetness and spreading growth habit of the plants had a
posi1tive correlation with susceptibility and egqg laying. On

the other hand leaf length, leaf length and breadth ratio,

(Contd..)



B.D. DENGALE AGRIL . ENTOMOLOGY ABST. CONTD..
plant height, trichomes, yellowish qgreen leaf colour,
glossiness, and erect growth.habit of the plants exhibited

negative correlation with susceptibility and egg laying.

Since less susceptible entries exhibited a high
yield potential they need to be harnessed by the breeders for
developing 2 wvariety resistant tao shootfly with desirable

agranomic gualities and a good consumer appeal.
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1 . INTRODUCT T OMN

Sorghum (Sorghum bicolor L. Moench) 1s grown on

nearly 42 mi1lliaon hectares 1n different countries of the
world, with the major acreage being 1n Asia and Africa. In
India 1t 1s one of the major cereal crops and accupies an area
of 16.80 million bhectares with a total productiaon of 11
million tons. The i1mportant states with sizable acreage are
Maharashtra, Ani&a Pradesh, Madhya Pradesh, Karnataka, Tamil

Nadu, Gujgarat, Rajasthan, Uttar Pradesh and Haryana.

In Maharashtra sorghum contribution to total cereal
praoduction 1s 57.6 per cent of which kharif contributed 38.6
per cent and rabi 12.0 per cent Maharashtra has a total area
of &4.3 lakh hectares under sorghum. QOut of which 28.1 and
I6.2 lakh ha are under gggé; and rabi1 seasons respectively.
The productivity of saorghum during kharif and rabi 1s 1584
kg/ha and 603 kg/ha respectively as against the national
average of 1049 kg/ha and 597 kg/ha respectively (Anonymous,
1992). Grain 1s mainly used as staple food by a large

populatian, especially 1n rural areas and stems and leaves are

used as fodder for cattle.

Ta feed the ever 1ncreasing population 1in  the
country, efforts have been made to i1ncrease food production
through developing bhigh yielding varieties and hybrids and

improved agronomic practices. Hybrids and varieties of
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sorghum, developed and released for commercial cultivation
durlng‘ the last decade and a half, though superior to local
varieties 1in their productivity and earliness 1n maturity are

on the other hand highly susceptible tao 1nsect attack.

Damage by :i1nsect pests 1s one af the major limiting
factors 1n sarghum productian. As many as 25 pests have been
reparted to damage sorghum crop 1n Maharashtra state (Dhumal,
1967 but the important among these are shootfly (Atherigona

soccata Rondani), stem borer (Chilo partellus Swinhoe), and

earhead midge (Contarainia sgrghiceola Togquillet), which cause

cansiderable damage 1n the sorghum growing regions of the
caountry. The hybrids and high yielding varieties are more
severely affected than the local ones. In the case of
shootfly 1ncidence, a total failure of hybrid crop 1s also
common .

Among several species af shootfly recorded 1in

India, the sorghum shootfly, Atherigona soccata has gained

importance with the i1ntroduction of high yielding hybrids and
varieties. These were found to be highly susceptible to pest.
First commercial hybrid CSH-1 and the variety CSV-1 (Swarna)
were heavily damaged by this pest on the farmers fields

(Jotwani et al., 1970, Raodeo et 3l., 1972).

Crop sown after 2nd week agf July gets badly

affected resulting i1n poor yield. The severity of 1ncidence
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of shootfly 15 mainly confined to late sown KkKharif crop and
early rabil sowing. The fly i1ncidence 15 much less in areas
where a single crop of sorghum 1s grown per year and sowing is
timely 1.e. at the beginning D} rainy season. Serial planting
over several months def1n1té1y favours enhancement in fly

population which i1ncreases 1nfestation on later sowings.

The fly 1s attracted to 2 tao 7 leaf stage seedling,
and lays eggs on the under side of the leaves. The maggot of
shootfly on hatching from the eqgs bores in to the stem of
young plant and feeds on them. As a result central shoot
becomes pale yellow and subsequently forms dead heart. The
tillers may be produced 1n 3about 2 weeks old seedlings but
these may also get damaged. The losses due to this pest alone
are to the tune of 22.11 to 83.94 per cent (Jotwani and

Sukhani, 19713 Mote et 2l., 1981lb and 1982).

By following proper time of sowing, 1t is possible
to reduce shootfly menace. However, due ta the weather
aberrations, proper time of sowing 1s not feasible. Intensive

research work was 1nitiated to develap effective contraol

measures for the pest complex on sorghum. Initially, the
major emphasis was given to chemical control but
simultanecusly long range programmes were undertaken to
develop other methods 1n which costly inputs 1n the form of

insecticides and the hazards of the 1msecticides and their
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limitations 1n use might be avoided. The importance of
developing such methods 1n the case of crop like sorghum,
which 15 mostly grown by marginal farmers under wunirrigated

conditions needs na emphasis.

One of the most 1mportant amd practical methods is
the uti1lization of 1nsect resistance 1n crops. The concept of
host plant resistance 15 known since long and a lot of work
has been done 1n other countries. However, 1n India, 1t has
received 1mpetus only during the last decade or so. The
sorghum research workers are also paying considerable

attention to develop high yielding i1nsect resistant varieties.

A large sources of resistance to the shootfly have
been 1dentified and some of these have been utilised in the
breeding programme., (Singh et al., 192685 Pradhan, 1271 and

Jotwarmi1, 1978a).

It is a recognised principle in breeding for i1nsect
resistance that there should be variable sources of resistance
so that the development of the bio-types may be avoided. Also
1N a crop like sorghum where there are more than one major
pests, 1dentifying and wusing sources having multiple
resistance are highly desirable. ™ The other 1mportant aspects
of 1nsect resistance i1n crops 15 to determine the mechanisms
of resistance and the possible morphological {physical)
characters which may possibly be associated with resistance

mechanism.
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Keeping 1n view the 1mportance of these aspects of
shootfly resi1stance, the present investigations were

undertaken with the following main objectives :

P

1. To select better sources of resistance to shootfly,

Atherigona scccata Rondan:.

2. To determine the mechanisms of resistance to shootfly and
study the morphological (physical) characters like leaf
length, leaf width (breadth), leaf length and breadth
ratio, leaf area, planmt height, trichomes on leaves, leaf
colour, glossiness of leaves, leaf surface wetness of
central shoot, growth habit of plants, recovery resistance

etc., which may be associated with the resistance.

Such studies may ultimately help the breeders to
develop and select suitable plant types with the desirable
characters so that high yielding, 1nsect resistant varieties

may be released for commercial cultivation.

7-3101
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=2 . REVIEW OF L ITERATURE

Utilisation of plapt’s resistance to 1i1nsects in
pest management programmes has become popular in recent years.
This phenomenon 1nvolving i1nter relationship of plants to
insects 1s recarded for about 200 years. It 1s now realised
that wherever possible, resistant varieties of crops should be
grown to minimise their losses from the attack of 1nsect pest.
This practice 1s nei1ther antagonistic tao nature nor does it
involve any limitations that are i1nherent to other methods of
control. It eliminates the use of pesticides and thus risk of
enviraonmental polluti1an. In case of low 1ncome crops like
cereals where margin of profit 1s very narrow, use of
pesticide becomes prohibitive. Therefore, the only
alternative left 1N  such cases 1s to qgrow pest resistant
varieties. In ébsencéAof complete resistance, even the less
susceptible wvarieties need to be promoted to minimise the
pesticidal 1load on the environment. A resistant variety
ultimately affects the survival and reproductive potential of
insects feeding on them or has the capacity to tolerate insect

infestation.

Plant resistance to specific 1nsect pests was
discovered as early as 1782, when "Underhill" wheat variety
was reported to be resistant to Hessiam fly, Mayetigla
destructor. The wuse of resistant apple variety ‘Winter
Magetin’ against woaoly aphid 1s also known for a pretty 1long

time. Besides this some other outstanding examples of insect
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resistant varieties developed for several crops are, 1n grapes
against Phylloxera sp. (Painter, 1951), wheat against Hessian
fly (Painter, 1968) and stem fly (Luginbill and Knipling,
1262}, rice against jassids (Parnell, 1935), plant hopper and
leaf hopper. (Pathak, 19469). Numerous review articles oan
various aspects of plant resistance are available (Snelling,
1941 ; Auclair, 1957 Painter, 1958; 19468, Beck, 1965
Luginbill, 196%; Leuck, 197035 Pathak, 1970; Sprague and Dahms,
1972) .

Sorghum Shootfly (A. soccata) 1s more destructive
and pose greatest problem for control. Losses caused by this
pest vary with pest population, season of sowing and nature of
cultivar. The damage caused 15 reported to vary from O to 90
per cent (Ramchandra Rao, 1224; Rao and Rao, 195463 Anonymous,
19465 ; Madhav Rao and Gowda, 194673 Hussaini and Rao, 1967
Usman, 19468; Réo and Quaick, 19469; Jotwan:i et al., 1970; Raodeo
and Magueemw, 1%971; Raodeo et al., 1972; Mate et al.,197?9; Rai

and Jotwani, 1979 and Khurana, 1980).

Developing resistant varieties for such serious
pests has, therefore, been considered to be most 1deal. Dahms
(1943) has correctly emphasized the 1mportance of wtilization
of host plant resistance 1in pést management programme in

sorghum 1n the following words, "the use of resistant

varieties to lessen 1njury from 1insects that attack sarghum

would appear ta deserve more attention because the control of
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1insects on a crop aof low value per acre precludes the use of
insecticides. The growing of resistant variety would further

reduce the 1nsect population.”

The area of development of resistant varieties is
therefare receiving 1ncreasing attention of the Entomologists
all over the world particularly in recent years. As such the
literature on resistance 1n crop plants 1s increasing by leaps
and bounds. However, the review of literature on the host
plant resistance and associated aspects has been restricted
with spec1ial reference to sorghum shootfly. Atherigona

soccata Rondani being the top1c~of present 1nvestigation.

The shootfly or Cholam fly was described and named
first time DBy Rondani as early as 1n 1871. Malloch (1923)

identified this fly as Atherigona i1ndica. Althaugh the pest

was recorded 1i1n India 1n the year 1907 at Pusa (Fletcher,
1914; Ballard and Ramchandra Rao, 1924, the published
literature shows that the research work on varietal resistance

to the pest had taken 1mpetus during the last two decades.

The available literature 1s being reviewed under

the following sub headings

2.1 Damage caused and egg laying of shootfly on sorghum
plants
2.2 Morphological. {physical) characters of plants

associated with resistance to shootfly
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2.1 Damage caused and eég laying of shootfly on sorghum
plants

Some plants are more preferred by the shootfly for
oviposition, food or shelter or for combination of these when
offered a choice of two or more alternative foods. The damage
caused by shootfly mainly depends on the preference and non-

preference.

Pannaiya (1931a) screened 214 varieties of sarghum
and reported that the attack of the pest in the fourth leaf
stage was significantly less 1n resistant varieties like T-1
and M-47-3 as compared to the susceptible ones eventhough the
eggs were laid 1n more or less equal numbers on all the
varieties. In aﬁother experiment (1951b) he reported that the
fly 1lays eggs on the ventral side aof 1leaf blade of the
youngest fully emerged leaf at a place nearer the base than
the tip. No significant differences between resistant and
susceptible wvarieties were observed by him in number of eggs
la1d.' The maggot which hatched on the third day crawled to
the dorsal surface of the leaf blade and entered the space

between the leaf sheath and axi1s and on reaching the base

cuts the growing apex causing death of the central shoot,

known as ‘dead heart’ .

Jain and Bhatnagar (1962) observed that the number
of eggs laid by shootfly varied fram 1 to 8 per plant. In

most of the cases 1.0 to 2.0 eggs per plant were 1laid.
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Generally lesser number of eggs were laid on resistant
varieties than on susceptible ones. lthe authors also found
si1ignificant correlation between the number of i1nfested plants

and number of eggs deposited.

Blum (1967) reported that seedling i1nfestation 1in
most resistant lines ranged from 13.2 to 20.6 per cent as
compared to 95.7 per cent 1n the susceptible wvarieties. The
susceptible varieties were preferred for the ovipositiaon, sQ

non—-preference for oviposition was concluded to be one of the

mechanisms of resistance.

Puttarudrappa et 23al. (19469) noticed that number of
eggs laid by fly were significantly more on CK-460-A, CK-40-B
and 15-84 than on other varieties. This clearly indicated the
preference of the fly far aoviposition. The percentage of dead
hearts was also significantly more on these varieties as
compared to other varieties. Variety M-35-1 was found less

susceptible.

Krishnananda et al. (1970) screened 19 selected
varieties and found that the entries like CSH-1, 15-84, CS5H-2
and co-18 were highly susceptible and preferred for
oviposition as compared to resistant varieties like 1S5-5666
and 15-5285. Flies always preferred third amd fourth leaf for
oviposition. Maximum 1nfestation was noted during third and

fourth week after sowing.
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_Jotwani a2t als 1971y “studied —ovipositional

nce of shootfly an 24 resistant and ! Z

of sorghum and found the minimum number of eggs (0. 75—to 103

perr plant) were laid on resistant lines viz., 15-5801, 15—
3659, IS-5490 while maximum number of eggs (5.73 per plant)

were laid on Swarna which 1s susceptible.

Under the All India Co-ordinated Sorghum
Improvement Praoject 41 1lines were screened in the trials
carried out ét Hyé?abad and Parbhani 1n the year 1971-72. All
the pramising lines showed significantly less dead hearts than
tHe susceptible checks and number of eqggs laid on promising
lines was significantly 1less than on the

susceptible check CSH-1 (Anonymous, 1972).

Twentyfour lines of sarghum resistant to shootfly
were tested for aviposition response during the kharif season,
1972. It was noticed that average number of eggs per 10
plants varied from 1.33 to &.00 on resistant lines as compared
to 12.00 1n check, Swarna. The percentage of dead hearts in
selected lines varied from 8.44 to 30.21 as compared to check,
Swarna (&6.40 per cent). During rabiy season 1972,
observations were recorded on oviposition and dead hearts on 6
resistant lines and 4 high yielding parental lines. It was
concluded that non-preference tooeviposition was one of the
major factors responsible for resistance to shootfly under

field conditi1ons (Anonymous, 1973).
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Si1x entries were screened i1n the trial conducted at

M.P.K.V., Rahuri 1n 1974-75, It was observed that the number
eggs laid on promising entries was significantly less than
the suceptibile checks. All the promising entries showed less

number of dead hearts (Anonymous, 1975).

Dalvi (1975) observed the lesser number of eggs and
dead hearts on the less susceptible varieties E-3I02, E-303 and
maximum number of eggs and dead hearts on CGH-1 which is

susceptible to shootfly.

Narayana (12735) stuided 12 promising sorghum
varieties for shootfly resistance and indicated significant
differences 1in preference for oviposition. in tolerant
varieties, the average number of eqggs deposited per plant was
less than one , whereas, 2.33 eggs per plant were found on
susceptible ones. The percentage of i1nfested plants of the
entries tested ranged from 29.6 (I15-5566) to 79.4 (CK-60-B)
per cent. The 1ini1tial 1nfestation 1n resistant varieties was
lesg than that in the susceptible wvarieties. In gqgeneral,
there was a lower average i1nfestation at first week and
maximum at second and third weeks. Thereafter there was a
sudden decrease 1n the fourth week after seedling emergence.

The sorghum variety 15-55646 was more tolerant.

Shivpuje t al. (1276) showed that the tolerance

level 1N Ss1x lines ranged fraom 34 to 44 per cent of dead

of
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hearts. Thirteen lines showed the toleranmce level up to 50 to
65 per cent while seven were highly susceptible having
infestation of 62 to 82 per cent. Tolerant lines PJ-4K showed
shootfly infestation level of 30 per cent. It was concluded
that there 1s possibility of selecting limnes fram Indian x
Exotic crosses, -havindg desirable agronomic characters and

moderate levels of shootfly tolerance.

Venugapal et al. (197639 screened fourteen
promising lines and observed that U-358 was the least
preferred while five sorghum lines recorded more than 44 per
cent damage. In another trial where fourtytwo lines tested in
kharif and 29 lines 1n rabi season, SPV-9 (3I5.7 per cent)
showed comparatively less damage while percentage of dead
hearts ranged from 40 to 92.2 per cent 1n other entries

(Venugopal et al. 197&b).

Bapat et al.(1977) tested forty eight sorghum
entries and found that the entries viz., M~-35-1, C5-3541, CS-
168, R-69, R-39-1 were found relatively less susceptible to
the attack of shootfly, 1n which the damage ranéed between
18.32 to 29.83 per cent as caompared to 58.55 per cent in

susceptible check, CSH-1.

Srivastava arnd Jotwan: (1977 studied shaootfly
resistance 1n sorghum lines and observed that the dead hearts
1N resistant lines ranged between 53.33 to 75.00 per cent as

against 100 per cent 1n the susceptible check.
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Jotwan:1 (1978Ba), 1n the technical report of PL-480
project stated that average number of eqgs laid per 10 plants
varied from 1.33 to 6.00 1n resistant lines as compared to
12.00 1n suceptible checks. He further stated that there was
no direct correlation between the number aof eggs laid and

percentage of dead hearts.

Sangappa et al. (1978) studied performance of
hybrids and varieties, and indicated that the average number
of eggs laid per plant an the 21St day after germination
ranged from 1.8 to 4.06. Minimum eggs laying was ocbserved 1in
Muguthi variety (1.80/plant) followed by RSGH-1, FR-16%9, CSH-8,
CSH-&6 and CSH-5. The local Muguthi was more resistant to
shootfly than other hybrids .and varieties. The new hybrids

RSH-1, C&EH-8 and varieties Muguthi and FR-169 were highly

resistant.

Bathe (197%9) screened 21 varieties during kh
and rabi 1n 1978-79 and observed that the eggs laid an the
resistant varieties were lesser than the eggs laid on
susceptible ones. The dead hearts found 1n resistant varieties

were also less as compared with susceptible varieties.

Moholkar (19811 screened 38 ené&es wilth two
susceptible checks. The overall result of infestation and

damage showed that six varieties viz., 15-2122, I5-21462, 1S~

54467, I1S-5&04, 1S5-5613 and 15-5648 possesed moderately high
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level of resistance to shootfly. There was paositive

correlation between oviposition and dead hearts.

Mote et al. (198la) observed that fewer eggs (0.24
to 0.65 eggs/plant) were laid on resistant wvarieties as
compared to other varieties. They also observed few number of
dead hearts (18.53 per cent) 1n resistant varieties than

susceptible gnes. Therefare, 1t i1indicates non—-preference for

oviposition as a mechanism of resistance.

Dalvi et al. (1984) observed that the eggs laying on
seventh day after germination was low and then there was
1ncrease 1in  egqg laying gradually and showed a peak on the
ZISt day after germination. The number of eggs 1laid on
resistant entries were less as compared to susceptible

entries. It appears that difference observed in germ plasm is

possibly due to non—-preference for oviposition.

Raina et al.(1984) observed more ovipasitional nan-

preference of sorghum shootfly, Atherigona soccata (Rondani)

for seven selected cultivars of sorghum as compared with that
of susceptible hybrid CSH-1 1n green house. In a single
choice test female exhibited a significant naon-preference for
oviposition on IS- 2146, 15-3962 and 15-5613. Females that
had no choice for anm oviposition substrate but cauld escape
1nto an outer cage, showed significant non-preference for five

test cultivars. Strong preference was observed for CS5H-1 plant
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as 80 to B2 per cent eggs were laid on them . Fewer eggs per
plant on resistant plant was observed as females laid eggs on

non preferred cultivars only after laying several eggs on

alternate CSH-1 plants.

Patel and Sukhani (1990a) screened 20 sorghum
genotypes and obsefved t%at eleven genotypes showed less than
1.93 eggs per plant. Minimum eggs (0.78 eqgs/plant) were
observed on 15-2209, Therefore, these genotypes were
considered to be less preferred for oviposition and the
ramalining nine genotypes were more preferred by shootfly for
oviposition. Maximum oviposition (3.94 eqggs/plant) was
observed on CSV-1, Thus 1t was concluded that ovipositional
non-preference was responsible for resistance to shootfly.

Positive and highly significant correlation was observed

between shootfly eggs per plant and per cent dead bearts.

2.2 Morpholaogical (physical) characters of plants
assaciated with resistance to shoot fly
2.2.1 Leaf length, leaf width, leaf length and width

ratio and leaf area

Singh (1977) observed that leaves of resistant
varieties were 1nvariably longer (192.1 to 26.6 cm), erect and
narrow (15 to 16 mm) than those of susceptible hybrid CSH-1

whose average leaf length and width were found 19.8 cm and
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17.6 mm respectively. The broadness aof leaf lamina in
susceptible hybrid CSH-1 may be providing sufficient space for
shootfly to move about and select suitable si1te far eqqg

laying.

Mate (1978) reported that on ZOth day after

germination, maximum leaf area per plant was in cultivar M-35-
1 followed by CSH-1, SPV-13, 15-544%2, SPVY—-4 and E-302. Rest aof
the cultivars had significantly less leaf area per plant than
CSH-1, 1ndicates plant vigour. The cultivars having more leaf

area and vigorous growth were resistant to shootfly.

Baothe (1979) observed that the tolerant varieties
vViz., 15-54290, M-35-1 had narrawer leaves than susceptible

ones.

Ma1ti1 and Bidinger (1979) observed that lines with
trichomes had distinctive characteristics which were evident
only 1n the first three weeks after germination. At that taime
leaves tended to be more erect and narrower with yellowish

appearance. Varieties with erect and yellowish narrow leaves

were resistant to shootfly.

Raskar (1979) reported that differences in the leaf
width of different entries of sorghum were significant. The
widest leaf was found 1n CSV-6 followed by CSH-1 and the
lowest leaf width was recorded 1n IS-5469. Positive
correlation was found 1n leaf width and susceptibility to

shootfly.



18
Moholkar (1981) observed positive correlation
within leaf width, oviposition and dead hearts. He concluded
that broader leaves of susceptible varieties provided more

area to move about and select suitable place for oviposition.

Jadhav et al. (1984) observed more shootfly
infestation in  the entries hablng less leaf length and
breadth ratio and observed less 1nfestation 1n the entries
having more leaf length and breadth ratio. There was a strong
and negati1ve correlation between leaf length and breadth ratio

and dead hearts. Similar results were recarded 1n the trials

a

conducted at M.P.K.V., Rahuri during 3h£;f 12985 (Anonymous,
19890 .
2.2.2 " Height and growth rate of plants

Blum (19646) reported that forage sorghum hybrids
graw at a more faster rate at seedling stage thamn RS-610

(dwarf variety) and escape the shootfly damage.

Parmeswarappa et al. (19488) at Raichur observed M-

35-1 resi1stant 1n early stage of growth because of vigorous

growth, although later on the si1de tillers were heavily

infested.

Raghunath et 1. (1972) screened different sorghum

lines for their resistance where 1n ‘Neejola’ seemed more
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susceptible tham other varieties. They also reported that the
low 1ncidence i1n case of CBE-X, might be due to 1ts initial

vigorous growth.

Lakshminarayana (1974) noted that the vigour of the
plant as evidenced by height could not be taken as dependable

factor for assessing the relative resistance of the variety to

the shootfly i1nfestation and damage.

Dalvi (1975) observed that the varieties growing
vigorously 1n seedling stage were showing reduced shootfly
infestation. The dwarf varieties were more susceptible to the

shoaotfly infestation as compared to taller varieties.

Narayana (1273) observed that 15-5565, a tall
variety, was more taolerant to shootfly than the other
varieties. Dwarf varieties were relatively more 1nfested by

shootfly thanm the taller varieties.

Sharma (1973) observed that taller wvarieties were
less affected by the shootfly as compared to dwarf varieties
and found that the percentage of dead hearts was negatively
correlated with seedlings height. Similar results were also

reported by Jotwani (1278b).

Bothe (1979) observed that the tolerant wvarieties
had faster growth rate tham susceptible ones and were taller

than the susceptible varieties.
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Mate et al. (1979) observed that resistant
varieties were taller and thad high growth rate than
susceptible types. However, differences 1N growth rates
between resistant and susceptible varieties were non-

significant.

Raskar (127%) i1ndicated that differemnces i1n height
of sorghum plants among different entries on the 21St day
after germlnaflon were statistically significant. The lowest
plant hei1ght was observed 1n CSV-1 (Swarna) which is

susceptible to shootfly while 1t was highest 1n I5-54469 which

15 more resistant to shootfly.

Khurana (1980) studied the plant height of nine
lines (s1x resistant and three susceptible) and observed that
the resistant varieties were taller than susceptible
varieties. He concluded that height of the plant was

positively correlated to resistance of shootfly.

Singh and Jotwan: (1980) reported that on the 17th

day after germination, the average height of shootfly
susceptible CSH-1 seedlings was 22.13 cm whereas 1t varied
from 38.40 to 29.23 cm 1n seedlings of 15-5469 and 15-54%90;
indicating thereby that resistant varieties were fast gréwlng
plant types. The differences 1n growth rates between

resistant and sucesptible varieties were highly significant.

Moholkar (1981) screened 38 entries with two
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suscepltible checks. The overall result on the i1nfestation and
damage showed that the taller varieties were less affected and

showed tolerance to the shootfly.

Dalvi et al. (1984) gbserved that the height of the
plants and width of leaves 1ndicate the plant vigour. The
varieties as M-35-1, M-47-3, E-303 and Khedi1-2-2~10 were more

vigorous and showed reduced pest 1ncidence.

Jadhav et al. (19468) observed that taller varieties
were less affected by the shootfly thanm the dwarf varieties
and observed strong and negative correlation between plant

height and dead hearts. Similar results were recorded in the

trials conducted at M.P.K.V., Rahuri during kharif 1985

(Anonymous, 198%9b).

Patel and Sukhana (19%0b) observed negative
correlation aof plant hefght with shootfly oviposition and dead
hearts formation. Resistant genotypes were taller and had

higher growth rate than susceptible ones.

2.2.3 Trichomes on sorghum leaves

The role and i1mportance of trichomes 1n resistance
to crop pests has frequently been overlooked. A few earlier
workers have mentioned the presence of prickle hair on the
leaf gsheath 1N resistant genotypes but 1t 1s not clear if

these pertain to trichomes (Blum, 1968). Preliminary
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informations suggest negative relationship between trichome
number on the under surface of leaf and number of shootfly
eqQQs (Anonymous, 1974). Also 1t has been reported that many
lines having resistance to shootfly had trichomes on the

abaxi1al leaf surface (Arnonymous, 19773 Maiti, 1977).

Mai1ti and Bidinger (197%9) stated that the trichomes
had distinctive characteristics which are evidenced only in
the first three weeks after seedling emergence. The presence
of trichames on the leaf surface appeared to confer an
advantage 1in two ways 1) by reduction 1n eqgg laying on leaf
and 11) by reduction i1in the frequency with which the presence
of eggs of the shoatfly results 1n the death of shoot of
sorghum. Mai1ti1 et al. (1980) further reported that trichomes
present 1n resistant varieties of sorghum were more numerous

near the tip of the leaf than at the middle or the base of the

leaves. Trichomes may vary 1in density 1n different wvarieties
from as many as 45 tao as few as five per sq. mm . The
trichomes were absent 1in susceptible varieties. Similar

results were obtained by Moholkar (1%981).

The results of screening of wild sorghum showed

that no flies emerged from Sorghum purpuricsericeum (two

accessions) and Sorghum dimidiatum (one accession) 1n spite of

high egg laying (average 3 eggs per plant) against the control
CSH-1, that had 100 per cent fly emergence. These resistant
limnes had high trichome density an the leaves that may be

interfering with larval movement (Anonymous 1985).
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Jadhav et al. (1984) observed less number aof dead

hearts 1n the entries having higher trichome density tham the
entries’ having less trrchomes. Strong and negative
correlation was abserved between trichome density and dead

hearts. Simi1lar results were recarded 10 the trials conducted

at M.P.K.V., Rahuri during khari1f 1985 (Anonymaous, 198%b).

Patel and Sukhani (19920b) observed negative
correlation of trichome density with oviposition and dead
heart formation. The genotypes with higher density of
trichomes 1N seedling stage was observed resistant to
shaootfly. Similar results were obtained by Swarna Sree et al

1992.

Taneja and Ma1ita (1992) observed lower shootfly
infestation 1n genotypes with trichomes on both surfaces. The
oviposition was also less on the varieties having trichomes on

both surfaces.

8]
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Colour of leaves

Vedamoorty (19657) stated that the varieties
possessing foliazge with dull green colour and waxy bloom
appearance were comparatively more susceptible than those

possessing foliage with bright shiny green calaur.

Blum {1972) reported that shootfly resistance in
sorghum was generally associated with glossy surface and light

green colour of leaves of seedlings.
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During the rabi season, 1972, observations on leaf
colour was recorded on six reslistant varieties and four high
vielding parental lines showed that, less number of dead
hearts and eggs were observed on the varieties having

yellowish green colour (Anonymous, 1973).

Six entries were screened 1n the trial conducted at
M.P.K.V., Rahur: 1n 1974-75. It was obgerved that all promising
lines showed less dead hearts than the check and it was

reported that the pale green colour of leaves was possibly

assaci1ated with the resistance (Anonymous, 1%973).

Bapat et al. (1975) observed that released sorghum
hybrids were susceptible to shootfly attack. According to
them one of the plant characters assgciated with

susceptibility tao shootfly was probably deep green colour of
leaves. They found that variety Ng.148 had pale green
coloured leaves and was least damaged by shootfly but Swarna
and CSH-1, which possess deep green leaves were severely

damaged by Shootfly;

Chavan (1975) reported that infestation of shootfly
was high, 1n variety, 148, E-302 and Swarna, having dark green
coloured leaves on the other hand shootfly i1nfestation was low

in M-35-1, 15-95469, 15-4646 which had light green coloured

leaves.

Bothe (1979) screened 21 varieties 1n kharif and
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Raby of 1978-792 and found that the entries with pale green

leaves were less preferred for egqg laying and less number of
dead hearts were observed on these entries. Similer results

were observed by Mairti1 and Bidinger (127%9),

Mate et al. (197%9) reported that CSH-1 having dark
qreen colour of leaves was preferred by shoatfly for

oviposition. However, less eggs were laid on resistant lines

like I5-5469 and M-35-1 having leaves of light green colour.

Kulkarni et al. (1981) stated that the varieties
possessing foliage with light green colour were comparatively
less suceptible than those possessing foilage with dark green
colour. Even though the majority of the shaaotfly resistant

genatypes are light green coloured, these are susceptible

genotypes with this character.

Moholkar (1981 cbserved that the resistant
varieties were with lighter colour shades as compared to the

susceptible checks.

Jadhav et al. (19846) reported that the varieties
with yellowish green colour foliage were highly resistant and
the wvarieties with dark green colour foliage were highly
suceptible. There was strong and positive correlation between
yellowish green colour of leaves and dead hearts. Similar

results were observed 1n the trials conducted at P K.V.,
)l

£
Rahury during kharif 1985 (Anonymous, 1989b). 9 B

A
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Patel and Sukhani (19%0b) observed that there was
positive correlation of dark green leaf colour with shootfly
oviposition and dead hearts formation. The  genctypes with

vellowish green colour of leaves 1n seedling stage were found

to be resistant to shootfly.

2.2.5 Glossy and non—glossy charactersof leaves
Glossiness 15 one of the physical plant characters
associ1ated with resistance to shootfly. Sorghum varieties

with glossy leaves were less preferred for ovipos:ition and
less damage by the shootfly. Generally all the resistant
varieties were found glassy, susceptible varieties wére non-
glossy, with dark green colour leaves. There was a negative
correlation between glossiness and dead hearts. (Vedamoorty,

1267353 Narayana, 19753 Kulkarni1 et al. 1981; Jadhav et al.

198635 Anonymous, 198835 Anonymous 198%9b; Nwanze et al. 1991 and

Taneja and Mait:i, 1992).

2.2.6 Leaf surface wetness

In the 1nvestigation on the relationship between
leaf surface wetness and glossy leaf character 1t was found
that the leaf surface wetness was very low 1n glossy resistant
lines and high leaf surface wetness observed in non-glossy

genotypes which were more susceptible (Anonymous, 1988).

Molisture accumulation on the central shoot leaf of

sorghum seedling 15 due to qutation and not due to the

*

&
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condensation of atmospheric moisture. The highest leaf
surface wetness occurred between midnight and 4.00 hrs. in
both resistant and susceptible genotype with sharp decline
with a sunrise. Leaf surface wetness was highest in  the
second week of August. Highest leaf surface wetness (7mg) was
recorded on the shootfly susceptible genaotype CSH-1 and the
lowest (<0.5 mg) was on resistant genatype 15-18531. Also
observed that leaf surface wetness 15 more 1mportant factor in
shootfly resistance than the glossy leaf character and

trichome density (Anonymous, 198%a).

Nwanze et al. (1990)observed that 1leaf surface
wetness of central shoot was much higher 1n susceptible
sorghum genotype CSH-1 than 1n resitant genotype 15-2146.
They also observed that leaf surface wetness 1s maore reliable
parameter of resistance thanm glossy leaf trait or trichome

density.

Nwanze et al. (1991) observed that the leaf surface
wetness was associrated with density of wax crystals and
decreased with seedling age and leaf D051t10n; Water droplets
an susceptible genotypes showed spreading at edges 1ndicating
a tendency to wet easily while 1n resistant genotype they
remains tightly spherical and did not spread.

Swarna Sree et al. (1992) observed mare leaf

surface wetness between 0300 to 0500 hours. Similarly 1t was

more 1n susceptible varieties than the resitant varieties.
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2.2.7 Recovery Resistance or Tolerance
According to Kogan (1973) tolerance 1s the ability
of plants to repair i1njury or ability to grow and produce
adequate yield despite supporting an i1nsect population at a
level capable of damaging a more susceptible host. Tolerance
may be due to general vigour of the plant or regeneration of
damaged tissues or streggth of stems and resistant to lodging
or production of additional brénches or efficient wutilization

by the 11nsects of non vital plant parts or lateral

compensation by neighbouring plants ar combination of two or

more of these factors.

Blum (1969) observed that 1n resistant varieties,
the walls of cells, enclosing vascular bundles, 1in central
leaf whorl, were lignified and that tillers of these resistant
varieties grew faster tham susceptible ones. Therefore, it was
concluded that tillers survival 1n shootfly resitant sorghum
1s associated with lignified tissues i1n central whorl of

leaves and fast growth rate of tillers.

Doggett et al. (1970) and Dogett (1972) reported
that East Africam Resistant Varieties Serena and Namatere

showed good recovery (tolerance) from shootfly damage and gave

normal vield, due to their habit of tillering praofusely.

Sharma (1973) showed that percemtage of dead hearts

was negatively correlated with plant recovery and vyield per
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plant. The number of tillers per 100 plants, the number of
ef%ectlve tillers, plant recavery and yield were positively
assaci1ated with each others, indicating that tillering
character contributed to vyield rather than to shootfly

reslistance.

Seshu Reddy and Davies (1978) reported existence of
tolerance 1n some of the lines screened at ICRISAT Patancheru
P.0O. The more recovery was observed 1n the resistant varieties
but clearcut correlati1on was not observed between percentage

of dead hearts and recovery resistance.

Kadam and Mote (1983) observed that some advanced
hybrids SPH-19&4, SPH-225, CSH-1, CSH-5, CSH-%, 5PV Nos. 115,
126, 351, 386 and 472 showed high susceptibility to shootfly
1in  the 1ni1ti1al stage, but possessed high recovery resistance

which was reflected 1n grain yreld.

Mote et al. (1985) observed maore recovery of
damaged plants 1n the resistanat varieties while low recovery
in the suscptible varieties. The correlatiaon between
percentage of dead hearts and recaovered plants was not

observed prabably due to i1ndependent genetic control.
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NG MATERIAL AND METHODS

The field trial was conducted at the All India Co-
ordinated Sorghum Improvement Project, Mahatma Phule Krishi

Vidyapeeth, Rahuri, 1n Kharif, 1993.

Fifty sorghum entries reported to passess low to
moderate levels of sheootfly resistance along with 2
susceptible checks viz., CSH-9 and DJ-6514, and 4 resistant
checks wviz., 15-22035, 15-5490, I15-18551 and ICSVY-705 were
screened. The seeds of these entries were obtained from the

Sorghum Breeder, M.P.K.V., Rahuri. The details are given

bellow.
3.1 Ltist of the sorghum entries used for screening

The entries used for screening are given in Table 1,
3.2 Sowing and other agronomic practices

Normal ti1llage operations were undertaken to
prepare the experimental plots. The flat beds of 3 x S m gross
s1ze were prepared. Recommended doses of fertilizers were
applied 1.e. nitrogen at the rate of 80 kg/ha (40 kg at sowing
time + 40 kg 35 days after germination), phosphorus 40 kg/ha
and potash 40 kg/ha at the time of sowing. Three ta four
fresh and healthy seeds were dibbled i1n separate rows at 13 cm
apart with row to row distance of 45 cm. To have a gqgood
shootfly population a row of susceptible check as a spreader
was dibbled after every five test rows ei1ght days prior to the

test entries. Seeds were not treated with any i1nsecticide. By
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used for screening

Table 1.
Sr.No
RSE
1. RSE
2. RSE
3. RSE
4. RSE
5. RSE
6. RSE
7. RSE
8. RSE
?. RSGE
10. RSE
11. RSE
12. RSE
13. RSE
14. RSE
15. RSE
16. RSE
17. RSE
18. RSE
19. REE
20. RSE
21. RSE
22. RSE
23. RSE
2 RSE
25. RSE
2&6. RSE
27. RSE
28. RSE
2%9. RSE

entries

90 -
%0 -
20 -
90 -
90 -
20 -
90 -
0 -
20 -
50 -
90 -
90 -
90 -
90 -
90 -
Q0 -
90 -
90 -
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keeping a single plant at each hi1ll the excess plants were
thinned on the bth day after germination. The sowing was
purposely delayed beyond the recommended time, so as to ensure
a definite shootfly attack. Irrigations were given as and

when required.

3.3 Details of aperation and observations
The detai1led information about operation and

observations are given 1n Table 2.

2]
»

Methods of recording observations
The observations were recorded on the following

parameters for assessment of the entries.

3.4.1 Field screening of sorghum entries for shootfly

infestation and damage

3.4.1.1 Shootfly damage as indicated by dead hearts

An usual method to assess the damage caused by
shootfly, 15 to record dead hearts caused by 1ts feeding. The
total number of plant showing dead hearts aoan main shoot were
counted at each observation recorded at 7 days 1interval

th th

starting from the 7 day after germination ti1ll the 28 day
after germination. The percentage of shootfly damage was

calculated and subjected to angular transformation and the

data were statistically analysed.
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Table 2. Details of field aoperation and observations

Operations
Preparation of land

Fertilizers N @ 80 kg/ha (40 kg at

spwlng time + 40 kg 35 days after germination)
P-0s 40 kg/ha and K=0 40 kg/ha along with

first dose af ni1trogen
Seed Material

Design used

Number of replications
Number of entries

Spacing

Sowing date
Sowing methaod
Date of thining

Obhservations
Germination

Ovipaosition count days after germination

Dead heart count days after germination

14

21

28

Normal field
operation

12-07-1993
22-08-1993

fresh seed

Randomised
Block Design

Three

56

45 x 13 cm
Single row of
5 m. length
12-07-1993

Dibbling

21-07-1993

17-07-1993
24-07-19%93
31-07-1993
07-08-1993
14-08-1993
24-07-1993
31-07-1993
07-08-1993
14-08-1923

(Contd..)?
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Lteaf length days after germination 7 24-07-1993
14 31-07-1993
21 07-08-1993
28 14-08-1993
Leaf breadth days after germination 7 24-07-1993
14 31-07-1993
21 07-08-1993
28 14-08-1993
Hei1ght of plant days after germination 7 24-07-19%93
14 31-07-1993
21 07-08-1993
28 14-08-1993

Trichomes, (Microscopilc hair) on leaves

on the 14 day after germination 3I1-07-1993
Leaf colour on the 14th day after germination 31-07-1993
Glossiness of leaves on the 14th day after

germination 31-07-19%93

Leaf surface wetness aon the 14th day after
germination 31-07-1993

Growth habi1t of the planmt on the 14th day
after germination 31-07-19%93
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3.4.1.2 Egg laying
The wvarietal resistance may be due to several
factors, one af these 1s the preference for egg laying. The
observations regarding egg laying were recorded at 7 days
interval starting fram the 7th day after germimnation tall the
EBth day after germination. Only freshly laid and unhatched

eggs were counted on five randomly selected plants from each

entry. The data were tabulated and statistically analysed.

3.4.2. Morphological (Physical) plant characters of
different sorghum entries associated with shootfly
resistance

3.4.2.1 Leaf length, leaf breadth, leaf length and breadth
ratio and leaf area
The observations on the leaf length and leaf

breadth were recorded on five randomly selected plants at

seven days 1nterval, starting from the 7th day after
germination and continued upto the 28 th day after
germination. As far as possible middle leaves were randomly
selected for measurement. The ieaf length was measured along

the mmid rib amnd leaf breadth was measured at the broadest
point of the same leaf by using centimeter scale. Leaf area
was calculated by wusing the following formula. The leaf
length and leaf breadth ratio was calculated. The means of
leaf length, leaf breadth,leaf length and breadth ratio and
leaf area were worked out. The data were stastistically

anal ysed.
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L. A. = L X B X 0.747

where, L.A. = leaf area
L = leaf length
B = leaf breadth or width.
0.747 = constant factor (Mate, 1978)

3I.4.2.2 Plant height

Five plants of each entry were selected at random
and observations were recorded on plant height on the
7th,14th, 21St and 28th day after germination. The height of

shoot was measured from the soi1l surface to the base of the
last fully opened leaf and average height per plant was
calculated at each stage. The data thus collected were

statistically analysed.

3.4.2.3 Trichomes an leaves
Trichomes are microscoplc hair on leaf surface,
presence of these hair was studied as per procedure described

by Mait:i et al. (1980),

The plant samples were taken on the 14th day after
germination and thoroughly washed with water to remove so:1l an
the plant surface. The roots were cut and discarded. The
samples were kept 1n glass jars (250 ml capacity) cantaining
formalin, alcohol and acet:ic acid (GAA) solution for fixing.
The fixative was prepared by mixing 1ngredients 1n the

following proportion.
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1. Ethylalcohol (70 per cent) = 90 ml
11. Acetic acaid (Glaci1al) = 95 ml
111. Formalin = 35 ml

After keeping the samples 1n fixative for one week,
these were taken out and kept for preservation i1in 70 per cent

ethyl alcohol.

Pieces measuring 1 to 2 sg cm were cut out from the
preserved leaves and heated 1n 20 ml of water 1n small glass
vials (2.0 cm x 7.3 cm) for 15 minutes by keeping 1n an oven
set at 85 °C. The water was then poured out and 20 ml of 95
per cent ethyl alcohol was added and the tubes were again kept
in oven for approximately 20 minutes. The alcohol was poured
out and fresh alcohol was added and the boiling procedure was
repeated ti1ll chlorophyll was completly removed. The alcaohol
remaining 1n the glass vials was poured off and 20 ml of
concentrated (20 per cent) lactic acid was added. The vials
were properly stopper;d and heated again at 85OC until the

leaf pieces were clear (approximetely 45 minutes). The wvials

were cooled and stored ti1ll the observations were recorded.

Each leaf piece was mounted on a glass slide in &
drop of lactic acid, cavered with cover slip and observed
under compound microscope at X 160 magnification. The number

of trichaomes were recorded 1n randomly selected wmicroscopic

fields of 1.0 sg, mm.
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J.4.2.4 Leaf colour

The observations on leaf colour were recorded on
the 14th day after germination on the basis of visual colour
grading (Bapat et al. 1975). The leaves were differentiated

as dark green, green and yellowish green.

3.4.2.5 Glossiness of leaves
Glossiness 1s one of the most important
morphological (physical) plant characters associated with
shootfly resistance. Glossiness of the leaves was recorded on
th

the 14 day after germination. The leaves of entries were

differentiated as, glassy and non-glossy.

3.4.2.6 Leaf surface wetness

Leaf surface wetness of leaves 1n central whorl aof
sorghum was recorded early 1n the morning between 0500 to
0600 am., under compound microscaope. The observation of leaf
surface wetness was recorded on the lqth day after germimnation

and graded as, high, medium and low leaf surface wetness.

3.4.2.7 Growth habit of the plants

The observations on growth habit of plants were
recorded on the 14th day after germination. The growth habit
of the plants were differentiated as, erect, medium spreading

and spreading, : This rating was done on visual

observations.



3.4.2.8 Recovery
Recovery
variety of sorghum

using the following

Per cent recovery
resistance =

resistance
resistance 1s a helpful character of
for good yield and 1t 1s calculated
formula.
Number of plants recovered at
harvest

Number oftgead hearts recorded
on the 28 day after germination
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a4 . RESUL TS AnNND DIsCuUuss 10

Investigations were conducted using dirfferent
sorghum entries to 1dentify the resistant entries and to
determine the possible mechanisms associated with resistance

to shootfly, Atherigona sogccata Rondanti.

During kharif 1993, 50 sorghum entries along with
two susceptible checks viz., CSH-9 and DJ-6514, and four
resistant checks viz., 15-2205, 15-54%0, 1S-18551 and ICSV-705
were screened under natural infestation. The data on

different parameters studied are presented and discussed 1in

this chapter under the following headings.

4.1 Field screening of sorghum entries for shootfly
infestation and damage

4.1.1. . Shootfly damage as indicated by dead hearts
The observations regarding the percentage of dead

hearts caused due to shootfly attack were recorded at 7 days

th

interval starting from <the 7 day after germination and
continued upto the 28th day after germination are presented 1in
Table 3.
th
There were no dead hearts on the 7 day after

germination on the both resistant and susceptible checks but
some dead hearts were aobserved on RSE entries which were

statistically non significant.
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Table 3. Shootfly 1nfestation and damage as indicated by dead hearts and percentage of recavery in
different entries of sorghum {Kharif 199%)

Sr., Entry Average percentaqe dead hearts fverage %
------------------ recovery
Ne Days after germination
7 14 21 28

RSE entries

t. RSE 90 -4-7-3 00.00 (00.00) 19.21 (25.37) 31.48 (33.00) 34,33 (35.17%  537.61 (49,19
2. RE-3-8-1 01.67 (04.31) 20.49 (26.65) 138.02 (38.03) 41.08 (39.84) 61.02 (51.38)
3. RGE 90 - 4 -3 -1 00.00 (00.00) 30.31 (32.47) 40.33 (38.43) 43.24 (40.18) 54,26 (47.47)
4, REEF -5-7-1 00,00 (00.00) 26.47 (30.93) 40,88 (39.64) 45,66 (42.47) 58.86 (50.13) -
5. RSE90-7-12-2 00.00 (00.00) 28.36 (29.57) 43,59 (41.28) 44,15 (42.80) 33.47 (35.34)
6, RSE90 -4 -4-2 00.00 1(00.00) 722.82 (23.88) A43.B4 (42,24) 4B.0% (43.84) 33.38 (35.33)
7. RSE 90 -3 -4-1 00.00 (00.00)y 32.25 (34.10) 44.51 (42.87) 50.41 (45.18) 21.44 (27.78)
8. REEF0 -3 -4-1 00,00 (00.00) 32.48 (34.43) 48.81 (44.31) 51.33 (45.75) 41,01 (39.75)
9. RSE 90 - 4 - 46 - 1 01.33 (03.83) 29.76 (32.16) 48,04 (43.83) 52.23 (46.29) 45.48 (42.40)
10. RSE 90 -4 -4-1 01.66 (03.39) 31.38 (33.61) 51.29 (45.73) 55.01 (47.92) 26.25 (30.79)
11. RSE 90 - 4-9-1 00.00 {00.00) 31.66 (34.15) 50.94 (45.54) 55.33 (4B.07) 39.90 (39.12)
12. RSESO-3-4-2 00.00 (00.00) 37.41 (37.61) 53.16 (46.83) 57.36 (49.33) 53.36 (48.21)
13, REEF-6-6-2 01.75 (03.77) 44,18 (41.72) 353.54 (47.07) 57.76 (49.54) 28,37 (32.10)
14, RSEW-5-9-2 01.52 104.13) 36,53 (37.09) 55.22 (48.05) 59.20 (50.36) 43.72 (41.35)
15. RSE 90 -5-10-1 02.96 105.37) 37,59 (37.72) 955.53 (8B.23) 59.33 (50.38) 44.%6 (41.BD)
16, RSE90 -4-1-1 00,00 (00.00) 34,65 (36,05) 55.10 (48,31) 59.34 (50.72) 57.46 (49.28)
17. RSE 9 -7 -4-72 01.28 (03.80) 31.09 (33.69) 55.99 (48,22) 59.61 (30.73) 722,31 (28.08)
18, RSEGO-7-7-1 00.00 (00.00) 37.54 (37.44) 56.34 (49.43) 59,61 (50.73)  30.43 {33.33)
19. RSE 90 - 6 - 17- 1 01.33 (03.83) 46.56 (83.02) 56.14 (4B.56) 60.16 (50.89) 42,81 (40.79)
20, RSE 90 -4 -12-1 00.00 (00.00) 32.54 (34.69) 57.93 (49.61) &0.36 (51.06) » 3B.78 (38.47)
2. REE9O-5-1-1 01.23 (03.70) 43.05 (40.91) 56.32 (4B.75) 40,36 (51.17)  47.81 (43.7%)
22, RSE QO -46-8B-1 00.00 (00.00) 28.97 132.25) 54.76 (4B.92) 60.72 (51.21)  43.35 (41.28)
23, RSE9 -5-1-2 00.00 (00.00) 29.74 (32.78) 56.03 (48.71) 60,72 (51.21)  55.35 (4B.23)
28, RSEGO-5-3-2 00.00 (00.00) 29.79 (32.79) 56,78 (48.92) 60.72 (51.21) 41,66 {40.18)
25. RSE Q0 -7-16-2 . 01.52 (04.13) 39.09 (I8.,51) S5I.88 (47.24) 61.50 (51.57) 32.29 (34.30)
26, RSE90-3-9-1 00.00 (00.00) 44,04 (41.49) S58.90 (49.78) 41.62 (51.81) 34,40 (35.90)
27. RSE90-4-5-1 01,39 (02.98) 41,78 (40.22) 59.40 (50.47) 62.07 (52.03) 42,43 (40.62)
28, RSE 90 -7 - 11 -2 01.52 (04.13) 37.24 (37.33) 57.70 (49.47) 62.42 (52.26) 33.62 (33.532)
29. RSE90-3-12-1 00,00 (00.00) 39.97 (I9.14) 5B.06 (49.40) 62.42 (52.26) 2,44 (456.40)
0. RSEGO-7-9-1 02.56 (05.37) 51.95 (46.13) 358.98 (50,20) 63.00 (52.49)  40.88 (39.73)
I, RSE 9 -7 -16 -1 00.00 100,000 38,68 (35.02) 5%.50 (50.68) 43.21 {53.19) 22,54 (28.10)
32, RSE 90 -84-8-1 01.45 (08.04) T4.61 (35.64) 60.46 (51.08) 64,60 (53.61) 45,84 (42.41)
3. RSE 90 -5 -11-1 01,19 (03.94) 41,46 (40,02) &1.11 (51.,95) 65.08 (54.22) 40,09 {39.21)
34, RSE 90 -5 -12-1 01.28 (03.79) 38.284 (35.79) &1.45 (51.635) 45.99 (54.35) 41,29 (39.90)
J5. RSE 90 -5 -12-2 00.00 (00.00) 2B.84 (38.48) 61.88 (51.8B9) 46.36 (54.56)  35.93 (35.99)
36, RSE90O-7-6-1 00.00 (00.00) 39.97 (39.21) 44,20 (53.29) 68.20 (55.71) 28.74 (32.17)
7. RSE90-6-8B-2 00.00 (00.00) 45.89 (42.59) 63.06 (52.67) &6B.71 (56.06) 17.21 (37.31)
B, RED-7-8-73 02.90 (08.07) 32.85 (34,54) 44,13 (53.52) 68.7t (S6.28) 36.07 (3b6.87)
9. RSE90-7-8-1 00.00 (00.00) 48,51 (44,09) 64.05 (53.20) 49.00 (56.38) 57.75 (49.97)

(Contd..)
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54.41
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99.40
48.78
76.68

19.09
3%5.47
19.30
28.55

72.84
3.2

(36.60)
{35.48)
(42.88)
140.29)
(44,82}
(39.2N
(46,07)
{30.15)
50.5M
(44,30}
(61.37)

J
(25.21)
(36.31)
(25.6%)
(31.76)

(58.69)
{40,93)

69.41
68.37
70.25
70.73
72.58
75.17
80.64
84,14
86.82
87.83
97.22

39.85
46,72
44,57
39.07

97.33
97.33

(56.43)
(56.39)
(57.06)
{57.92)
(58.66)
(61.77)
(64.74)
(66.468)
69.38)
(713.210
82.111

(39.11)
42,99
(41,63}
50.57)

(84.78)
{84.52)

71.30
72.30
78,54
75.31
76,61
78.28
83.06
86.52
91.40
.76
97.22

39.85
46.73
48.53
60,58

100.0
100.0

(57.75)
(59.3%)
(59.88)
{61.18)
(61.39)
{63.67)
(66.42)
(68.80}
174.08)
{73.59
(82.11)

(39.11)
(82,99
(44,03)
(31.48)

(90.00)
{90.00}

39.96
26.8%
37.65
37.23
39.36
36.71
21.27
25.92
23.20
13.32
24,31

34.45
30,46
31.13
44,32

49,26
00.00

L2

(51.17)
(31.12)
(49,45}
(37.58)
(38.81)
(37.11
(31.40)
(31.26)
(28.70}
(21,38
(29.37)

(35.48)
185.38)
(33.88)
(41.78)

(44,57}
(00,00

40, RSE90-5-3-1
41, RSE90-7-16-3
42, RSE 90 -7 - 13 -
43, RSES0-TI-4-72
44, RSE90-B8-4-1
45. RSE S0 -5-2-1
46, RSE 90 -3-2-1
47, RSE90-2-5-1
48. RSE 90 - 1 - 11 - 1%
49, RSE 90 - 1 -9 -1
0. RE 0 -2-3-1
Resistant checks
51, IS - 18331
52, IS - 34%0
53, IS - 2205
54, ICSV - 705
Susceptible checks
55. CSH-9
56. ~DI-6514
S.E. ¢+

% Figures 1n parentheses are the Arc Sin value.

13.09

12.83




PLATE 1.

RSE - 90-4-7-3

PLATE 2. 7-3101

RSE = 90-5-8-1, DU =- 6514 and CSH - 9
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th . .
The dead hearts on the 14 day after germination
ranged from 12.09 tao 76.68 per cent. The minimum 1nci1dence
was recorded on the entry I5-18351 (192.0%9 per cent), which was
significantly lower thanm the rest of the entries. However, it
was on par with the entries at Sr., No. 1 to 11, 16, 17, 20,
22, 23, 24, 31, 32, 34, 38, 40, 41 and 52 to 54. The maximum

incidence was recorded on the entry RSE-920-2-3-1 (76.68 per

cent?), which was significantly higher than the rest of the
entries. However, 1t was on par with the entries at Sr. No.
47, 48 and S5. The remaining entries occupied intermediate

posi1tions.

On  the let day a3fter germination dead hearts
ranged from 31.68 to 97.53 per cent. The minimum incidence
was recorded on the entry RSE-90-4-7-3 (31.68B per cent?, whigh
was significantly lower tham the rest of the entrie;.
However, 1t was on par with the entries at Sr. No. 2 to 11 and
51 to 53. The maximum 1ncidence was recorded on the entry
CSH-9 (?7.93 per cent), which was significantly higher than
the rest of the entries. However, 1t was on par with the
entries at Sr. No. 49, 50 and 56. The remaining entries

occupied i1ntermediate positions.

th .
The dead hearts on the 2B day after germination

ranged from 34.53 to 100.00 per cent. The minimum 1ncidence
was recorded on the entry RSE-20-4-7-3 (34.53 per cent), which

was significantly lower than the rest of the entries.
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PLATE 3.

PLATE 4.

IS =2205, CSH - 9 and DJ - 6514
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However, 1t was on par with the entries at Sr.No. 2 to 10 and
51 to 53. These all entries are grouped as less susceptible.
The maximum 1ncidence was recorded on the entries CSH-9 and
DI-6514 (100.00 per cent), which was significantly higher
than the rest of the entries. However, 1t was on par with the
entry at Sr. No. 50 which are grouped as highly susceptible.
The remaining entries occuptied intermediate positions and
considered as hoderately susceptible. The average percentage
of desad hearts caused by shootfly on the EBth day after
germination on some sorghum entries are graphically presented

1in fig. 1.

8th

1l

O the basis of dead hearts recorded on the
day after germimnation all the test entries were grouped into
three categories viz.,

Less susceptible
Moderately susceptible and

Highly susceptible.

The 1ncaidence started from first week and 1ncreased
upto fourth week. The maximum i1ncidence was observed during
second and third week after germination. Similar observations
were reported by Krishnananda et al. (1973), Dalva (1275),

Narayana (1975), Sangappa t al. (1978), Moholkar

(1981) and Patel and Sukhani1 (1990z2).

4.1.2 Number of eggé_laid

The data 1n respect of the average number of egQgs
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laid per plant on each entry recorded at seven days interval
th
starting from the 7 day after germination and continued upto

th
the 28 day after germination are presented i1n Table 4.

The differences 1n number of eggs laid on all the
th
entries on the 7 day after germination were statistically

non-signi1ficant.

th
The egg laying on the 14 day after germination

ranged from 0.27 to 4.77 eggs per plant. The minimum number
of eggs per plant was recorded an entry IS-2205 (0.27 eqgs per
plant), which was significantly lower tham the rest of the
entries., However, 1t was on par with the entries at Sr. No. 1
te 11, 14 to 17, 20, 22, 23, 24, 31, 32, 24, 38, 40, 951, S22
and 54. The m&ximum number of egqgs per plant was recorded on
the enmtry RSE-90-2-3-1  (4.77 eggs per plant), which was
significantly higher than the rest of the entries. However,
1t was on par with the entries at Sr. No. 46, 47, 4B, 35 and

56. The remaining entries occupled i1ntermediate positions.

The egg laying on the 21St day after germination
ranged from 1.73 to 6.80 eggs per plant. The minimum number
of eqqgs per plant was recorded on the entry RSE—90—4—7—3'(1.73
eqQQgs per plant), which was significantly lower than the rest
of the entries. However, 1t was on par with the entries at Sr.
No. 2 to 13, 15, 28 and 51 to 54. The maximum number of eggs
per plant was recaorded on the entries RSE-90-2-3-1 and C(CSH-9

(.80 eggs per plant), which was significantly higher than the



Table 4
Sr.
No.

RSE
1. RSE
2. RSE
3. RSE
4, RSE
5. RSE
&. RSE
7. RSE
8. RSE
9. RSE
10. RSE
11. RSE
12. RSE
13. RSE
14. RSE
19. RSE
16. RSE
17. RSE
18. RSE
19. RSE
20. RSE
21. RSE
22. RSE
23. RSE
24. RSE
29. RSE
26. RSE
27. RSE
28. RGE
29. RGE
3 RSE
3 RSE
I2. RSE
I3. RSE
34. RSE
35. RSE
36, RSE
37. RSE

Number of eggs laid by shootfly on different entries
of sorghum

entries

0 -
?0 -
?0 -
0 -
70 -
0 -
Q0 -
?0 -
0 -
0 -
720 -
Q0 -
0 -
?0 -
0 -
20 -
0 -
0 -
90 -
{0 -
20 -
0 -
0 -
?0 -
0 -
90 -
0 -
0 -
70 -
0 -
0 -
G0 -
70 -
Q0 -
0 -
70 -
0 -
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.87
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.47
A7
.60
.73
.23
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.20
.40
.47
.67
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.66
.66
.73
.67
.88
.73
.73
.93
.00
.47
.80
.93
.00
.13
.20
.20
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o <7

.40
.53

1.87
2.20
2.66
2.73
2.80
2.86
5.07
3.20
3.27
3.53
3.93
3.80
3.87
3.23
4.00
4.00
4.00
4,07
4,07
4.07
4,13
4.14
4.15
4.13
4.27
4.33
4.34
4.35
4,37
4.37
84.47
4.53
4,60
4.67
4,73
5.93
5.96

(Contd..)
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38. RGE 90 - 7 - 4 - 3 .27 1.60 4.47 5.99
39. RSE 90 - 7 - 8 - 1 0.00 2.93 4.53% 6.18
40, RSE 20 - O -~ % — 1 0.00 1.60 5.00 65,32
41. RSE 90 - 7 - 14 - 3 0.20 1.93 5.13 &.38
42. RSE 90 - 7 - 13 -~ 2 0.00 2.73 4,93 &.42
43. RSE 90 - 3 - 4 - 2 0.00 2.27 5.13 &.48
44, RGE 90 - 8 - 4 - 1 0.10 3.00 5.33 &£.56
45, RSE 90 - 5 - 2 - 1 0.27 2.13 5.60 .72
44, RSE 90 - 3 - 2 - 1 0.00 3.20 6£.13 &£.80
7. RSE 90 - 2 - 5 — 1 0.33 4.00 6.53 &5.85
48. RSE 90 - 1 - 11 - 1 0.13 4.07 &6£.73 &6.97
49, RSE 90 - & - 5 - 1 0.27 2.923 6£.73 7.246
50. RSE 20 - 2 - 3 - 1 0.20 4.77 6£.80 7.73
Resistant checks
St. IS - 18551 0.00 0.60 2.07 2.07
S52. 1S - 5490 0.0C 1.73 2.67 3.12
3. IS - 2205 0.00 0.27 3.07 3.40
54. ICsY - 705 0.00 1.27 3.60 3I.73
Susceptible checks
55. CSH-9 0.27 4.40 6.80 8.00
56. DJ-6514 0.20 4.2 6£.73 8.00
S.E. * 0.00 0.56 0.6&67 0.68
C.D. at 5% level N.S 1.57 1.90 1.91
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rest of the entries. However, 1t was on par with the entries
at Sr. No. 40 to 49 and 5S6. The remaining entries occupied

1intermediate pos:itions.

~oth
On the 28 day after germination egg laying ranged
from 1.87 to 8.00 eggs per plant. The minimum number of eggs

per plant was recorded on entry RSE-20-4-7-3 (1.87 eqggs per

plamty, which was significantly lower than the rest of the
entries. However, 1t was on par with the entries at Sr. No. 2
to 11 anmd 31 to 54 which are less susceptible entries. The

maximum number of eggs per plant was recorded on the entries
CSH-9 and DI-6514 (B8.00 eqgs per plant), which was
significantly higher than the rest of the entries, which are
more susceptible -to shootfly. Among the test entries the
highest number of eggs per plant (7.73 eggs per plant ) was
recorded on the entry RSE-90-2-3-1. However, it was
statistically on par with the entries at Sr. No. 36 tao 49.

The remaining entries occuplied 1ntermediate pasitions which

are moderately susceptible.

The minimum number of eggs was laid on the less
susceptible entries as compared to the highly susceptible
entries. The results of the egg laying i1indicated that non-
preference for oviposition may be one of the characters far
varietal resistance to =hootfly. Similar results were

observed by various workers Jain and Bhatnagar (1962), Blum

(1967}, Jotwani et al. (1971), Dalvi (1973), Narayana (197%),
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Jotwani (19783), -Mote et al. (1981a), Raina et al. (1984,
Patel and Sukhani (19903). The observations however, differ

from Ponnaiya (1951 b) who reported that equal number aof eggs
were laid ogn the resistant as well as susceptible entries. 1t
was further observed that number of eggs laid was less during
the first week after germination which reached maximum in

third and fourth week after germination (Fig. 2).

4.2 Morphological (Physical) plant characters of
different sorghum entries associated with shootfly
resistance

4.2.1 Leaf length

The data 1n respect of the average leaf length of

gach entry recorded at 7 days 1nterval starting from the 7th

t
day after germination and cantinued upto the 28 h day after

germination are presented i1n Table 5. vy 24

_cb%

93
The average leaf length on the 7th day after

germination ranged from 12.29 to 14.95 cm. The minimum leaf
length was recorded on the entry RSE-90-2-3-1 (12.29 cm),
which was significantly less than the rest of the entries.
However, 1t was on par with the entries at Sr. No. 2, 3, 5, 6,

?, 12, 35, 59 and 96. The maximum leaf length was recorded on

the entry RSE-20-4-6-2 '(14.95 cm), which was significantly

more than the rest of the entries. However, 1t was on par
with the entries at Sr. No. 8, 10, 11, 13, 14, 19, 24, 27, 28,
30, 22, 4, I8, I9, 42 to 46, 49, 50 and 952 to 54. The



Leat length at different growth stages
entries of sorghum

tKharif 1993
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1in different

Table 5
Sr
No

RSE
1. RSE
2. RSE
3. RSE
4, RSE
5. RSE
6. RSE
7. RSE
8. RSE
9. RSE
10. RSE
11. RSE
12. RSE
13. RSE
14. RSE
15. RSE
16, RSE
17. RSE
18. RSE
19. RSE
20. RSE
21. RSE
22. RSE
23. RSE
24. RSE
25. RSE
26. RSE
27 . RSE
28. RSE
29. RSE
30. RSE
31. RSE
32. RSE
33. RSE
34. RSE
35. RSE
36. RSE
37. RSE
38. R5E
39. RSE
40. RSE
41. RSE
42, RSE
43. RSE
44 . RSE

entries

90 -

90 -

90 -

20 -

90 -
90 -
0 -
90 -
90 -

90 -

90 -

90 -

90 -

90 -

90 -
0 -
90 -

90 -

90 -

90 -

90 -

90 -~

90 -

90 -

0 -
90 -
90 -

90 -

90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
90 -
0 -

90 -
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12.29
12.58
12.465
14.00
12.83
12.91
14.06&
14.31
12.90
14.42
14.52
12.460
14.78
14.45
14.04
13.460
13.49
13.47
14.61
13.00C
14.06
12.81
13.15
14.34
12.94
14.03
14.34
14.66
13.5¢&6
14,34
13.62
14.57
13.60
14,39
12.67
13.87
13.83
14.90
14.87
13.96
13.52
14.90
14.84
14.80

17.69
18.33
20.23
19.47
18.32
17.66
19.59
19.65
19.47
19.49
19.57
21.81
22.86
21.78
21.98
21.28
19.41
21.78
24.02
19.62
23.78
19.97
19.19
20.06
23.76
24.24
23.78
21.88
23.48
24.00
21.28
19.80
23.60
19.90
23.72
23.38
24.26
19.62
24.29
23.89
21.58
24,34
22.06
24.36

28.86
28.88
29.38
29.64
29.78
29.86
30.56
30.72
30.88
30.99
z1.38
31.72
32.15
32.29
32.46
33.44
33.56
33.72
34.23
34.38
34.48
34.74
34.84
35.22
35.52
35.78
35.94
36.24
3b6.42
36.68
37.98
32.19
32.57
39.81
40.16
40.32
40.50
40.56
40,72
41.35
41.64
42.48
42.469
42.94

40.86
40.91
41.4%9
41.646
41 .84
41.92
42.50
42 .69
42 .93
42.99
43.35
43.70
44 .03
44,17
40.40
45.38
45 .52
45 .67
45.27
46.32
45.44
46.72
445.80
47 .25
47.48
47 .74
47 .92
48.20
48 .39
48.72
49 .92
51.12
51.951
51.82
52.14
52.27
52.54
022.56
32.74
53.33
53.6%9
54,49
54.71
54.97
(Contd..)



45, RSE @0 - 4 - & - 2 14.95 25.98 43.18 55.21
4b&. RSE 90 - 7 - 12 - 2 14.73 24.78 43%.32 55.35
47, RSE Q0 - 95 - 7 = 1 14.92 24.88 43.45 55.48
48, RGE 90 - 4 - 3 -~ 1 12.93 24.92 43.52 55.54
49 . RGE 90 - 5 - 8 - 1 14.91 24 .30 43.5646 55.58
30. RGE 99 - &4 - 7 - 3% 14.922 24.98 43.60 55.62
Resistant checks
51. ICsY -~ 705 13.98 24.82 42.94 54.79
52. 1S - 2208 14.76 24.89 43.34 55.11
53. IS - 54290 14.82 24 .94 43 .42 55.38
54, IS - 18551 14.95 24.97 43.45 55.43
Susceptible checks
55, DI - 6514 12.22 17.71 28.87 40.89
56. CSH - @ 12.49 17 .69 29.03 41.02
S.E + 00.23 00.39 00,66 01.07
C.D at S% level 00.648 01.09 02.42 02.99
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remaining entries occupi1ed 1ntermediate positians.

On the 1ath day after germination average leaf
length ranmged from 17.66 to 24.98 cm. The minimum leaf length
was recorded on the entry RSE -Q0-5-2-1 (17.66 cm), which was
significantly less than the rest of the entries. However, it
was on par with the entries at Sr. No. 1, 2, 5, 95 and Sé6.
The maximum leaf length was recorded on the entry RSE-90-4-7-3
(24.98 cm), which was significantly more than the rest of the
entries. However 1t was on par with the entries at Sr. Na.

19, 26, 30, 37, 39, 40, 42, 44, 46 to 49 and S1 to S4. The

remaining entries occupied 1ntermediate positions.

The average leaf length on the 21St and ZBth day

after germination ranged from 28.8&6 to 43.60 cm and 40.86 to

st

53.62 <m respectively. The minimum leaf length on the 1

th
and 28 day after germination was recorded on the entry RSE-

b

F0~-2-3-1 (28.86 cm and 40.86 cm respectively), which was
significantly less tham the rest of the entries. However, 1t
was on par with the entries at Sr. No. 2 to 10, S5 and 56 and
Sr. No. 2 to 12, 33 and 5S6 respectively. DOn the 21St and ZBth
day after germination maximum leaf length was recorded on the
entry RSE-20-4-7-3 (43.60 cm and 55.62 om respectively ),
which was significantly more than the rest of the entries.
However, 1t was on par with the entries at Sr. No. 40 to 49
and 51 to 54 and Sr. Na. 392 to 49 and 51 to 54 respectively.

'

The remalining entries occupled 1ntermediate positians.
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w toixe
The entries having more leaf lengthAsre found/\}ess
susceptible than the entries having less leaf length. The egg
{)(
laying was also found to, less on the entries having more leaf
length. Less number of dead hearts wfe observed on these

entries. Similar observations were recorded by Singh (1977),

Mate (1978), Mai1ti and Bidinger (1979).

4.,2.2 Leaf breadth
The observations on leaf breadth were recorded at 7
days 1nterval starting from the 7th day after germimation and

th i
continued upto the 2B day after germination are presented in

Table 6.

The average leaf breadth on the 7th day after

germination ranged from 0.62 to 1.24 cm. The minimum leaf
breadth was recorded on the entries RSE-90-4-7-3, RSE-90-4-12-
1, RSE-20-5-8-1 and 16-18551 (0.62 cm), which was
Sign1f1cantly less than the rest of the entries. However, 1t

was on par with the entries at Sr. No. 4 to 9, 12, 22 to 24

and 52 to 54. The maximum leaf breadth was recorded on the
entry RSE-20-2-3-1 (1.24 cm), which was significantly more
than the rest of the entries. However, 1t was on par with the
entries at Sr. No. 44 and 446 to 49. The remaining entries

occuplred 1ntermediate positions.

th t
The average leaf breadth gn the 14 an  21° day

after germination ranged from 1.30 to 3.48 cm and 2.22 to 4.46



Table 6.0 teaf breadth (width) at different growth <tages 1n
different entries of sorghum gyrﬁgjﬂ1993>

Sr. Entry Average leat breadth (width)
No. ' 1N cm

7 14 21 28
RSE entries
1. REE 90 - 4 - 7 - J 0.62 1.30 2.22 3.00
2. RSE 90 - 5 - 8 - 1 0.62 1.31 2.22 3.10
3. RSE 90 - 4 - 3 - 1 0.70 1.91 2.23 3.17
4., RSE 90 - 5 - 7 - 1 0.64 1.38 2.27 3.22
5. RSE 90 — 7 - 12 ~ 2 0.63 1.35 2.32 3.29
&. RSE 90 -~ 4 - 6 - 2 0.64 1.40 2.34 3.30
7. RSE 90 - 3 - 4 - 1 0.b6 1.42 2.36 3.32
8. RSE 90 - 3 - & — 1 0.67 1.40 2.37 3.37
Q. RSE 90 - 4 ~ & — 1 0.67 1.43 2.39 3.41
10. RSE 90 - 4 - 4 - 1 0.72 1.60 2.40 3.45
11. RSE 90 - 4 — 9 — 1 0.69 1.40 2.42 3.49
12. RSE 90 - 5 — 4 - 2 0.67 1.38 2.46 3.55
13. RSE 90 - & - & - 2 n.86 1.99 2.50 3.66
14. RSE 90 - S5 - @ - 2 0.79 1.73 2.59 3.74
15. RSE 90 - 5 — 10 - 1 0.7%9 1.80 2.64 3.86
16. RSE 90 - 4 - 1 - 1 0.6%9 1.53 2.68 3.92
17. RSE 90 - 7 - 4 - 2 0.78 1.80 2.90 4.00
18. RSE 90 -~ 7 - 3 - 1 0.94 2.44 2.98 4,09
19. RSE 90 - &6 - 17— 1 0.95 2.66 3.09 4,16
20. RSE 90 - 4 - 12 - 1 0.62 1.36 2.13 4,21
21. RSE 90 - 5 - 1 =~ 1 0.98 2.80 I.14 4.25
22. RSE 90 - &6 - 8 - 1 0.63 1.55 3.19 4.34
3. RSE 90 - 5 - 1 - 2 0.69 1.65 3.22 4,42
24, RSE 90 - 5 = 3 - 2 0.63 1.36 3.25 4.48
25. RSE 20 ~ 7 ~ 16 - 2 0.90 2.76 3.28 4.s54
26. RSE 90 - 2 = 9 - 1 0.92 2.084 3.29 4.58
27. RSE 90 - 4 - 5 - 0.97 2.90 3.30 4. 68
28. RSE. 90 - 7 - 11 - 2 0.81 2.21 3.35 4,74
29. RSE 90 ~ I - 12 - 1| 0.89 2.2 3.41 4.84
30. RSE 90 - 7 ~ 9 = 1 1.03 3.00 3.44 4.48
T1. RGE 90 - 7 - 16 - 1 0.80° 2.09 3.46 4,92
32. RSE 90 - 4 - B - 1 0.82 2.12 3.92 5.00
33. RSE 90 - 5 - 11 - 1 0.84 2.14 4.00 5.04
34, RSE 90 - 5 - 12 - 1 .82 2.00 4.04 5.08
35. RSE 90 - 5 - 12 - 2 0.790 2.07 4.06 5.12
3a. RSE 90 - 7 - & — 1 1.06 3.09 4.10 S5.17
z7. RSE 90 - & - 8 - 2 1.10 3.18 4.13 5.27

(Contd..)



J8. RGE Q0 - 7 — 4 ~ 3 0.97 2.65 4.15 5.29
39. RSE Q0 - 7 - 8 - 1 1.09 .20 4.17 .34
40. RGE @0 - 5 - 3 - 1 0.70 1.65 4,20 5.38
41. RSE Q0 - 7 - 146 - J 0.99 2.75 4,24 5.42
42. RGSE 90 - 7 - 13 - 2 1.09 3.25 4,27 5.54
43. RGE 90 - 3 - 4 - 2 1.14 3.25 4.30 5.62
44, RSE 90 - 8 - 4 - 1 1.19 3.3 4,33 5.69
45. RSE 20 - 5 - 2 - 1 1.05 3I.10 4.35 5.76
46. RGE 90 - & - 2 - 1 1.29 3.40 4,38 5.80
47. RGE @0 - 2 - 5 - 1 1.2 J3.42 4.41 5.87
48. RSE 90 - 1 - 11 - 1 1.22 3.495 4.43 5.89
49, RSE 90 - 1 - 5 - 1 1.23 3.45 4.44 5.93
30. RGE 90 ~ 2 ~ 3 - 1 1.24 3.48 4.464 5.97
Resistant checks
S51. IS - 18551 0.62 1.31 2.27 3.28
22, 1S - 5490 0.63 1.33 2.34 3.34
53. 1S ~ 2205 0.64 1.36 2.42 3.45
54, ICSY - 705 0.66 1.40 2.49 3.53
Susceptible checks
55. CSH-9 ' 1.00 3.I2 4.27 5.42
6. DI-46514 1.17 3.30 4,35 5.53
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th .

cm respectively. On the 14 day after germination minimum
leaf breadth was recorded on the entry RSE-20-4-7-3 (1.30 cm},
while on the Elst day after germimatian minimum leaf breadth
was recarded on the entries RSE-90-4~7-3 and RSE-90-5-8-1
(2.22 cm), which was significantly less than the rest of the
entries. However, 1t was on par with the entries at Sr. No.

2y 4 to 2, 11, 12, 20, 24 and 51 to 54 on the 14th day after

germination and Sr. No. 3 to 12 and 51 to 53 on the ZISt day
after germinatian. The maximum leaf breadth on the 14th and
21St day after germination was recorded on the entry RSE-F0-2-
3-1 (3.48 cm and 4.46 cm respectively), which was
significantly more than the rest of the entries. However, 1t

was on par with entries at Sr. No. 44, 446 to 49, 55 and 56 on
the 14th day after germination and Sr. No. 40 to 49, 55 and 5&

on the 221 day after germination. The remaining entries

occupired 1ntermediate positions.

h
On the 28t day after germination average leaf

breadth ranged from 3.00 to 35.97 em. The minimum leaf breadth
w3as recorded on the entry RSE-90-4-7-3 (Z.00 cm), which was
significantly less thanm the rest of the entries. However, it
was on par with the entries at Sr. No. 2 to 13 and 51 to 354.
The maximum leaf breadth was recorded on the entry RSE-90-2-3-
1 (5.97 cm), which was significantly more than the rest of the
entries. However, 1t was on par with entries at Sr. No. 38 to
49, 55 and S4&. The remaining entries occupiled intermediate

positions.
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The entries having less leaf breadth are observed towke

less susceptible and the entries having more leaf breadth are
observed highly susceptible. This camn be explained by the
fact that the shootfly gets more area to move about and
deposi1t eggs at a suitable place on the entries having more
leaf breadth. The similar results were observed by Singh
(1977, Bothe (1979, Mai1t:1 amd Bidinager (1979, Raskar

(1979) and Moholkar (19811},

4.2.2 Leaf length and breadth ratio

The data 1n respect of average leaf length and
breadth ratioc calculated from the observations of leaf length

and leaf breadth recorded at 7 days interval starting from the

7th th

day after germination and continued uptao the £8 day

after germination are presented 1n table 7.

The average leaf lemgth and breadth ratio on the
th th st

-

’ 14, 21 and Z8 h day after germination ranged from

7
09.91 to 24.11 cm, 03.08 to 19.21 cm, 06.47 to 19.63 cm and
06.84 to 18B.54 cm respectively. On the 7th day after
germination minimum leaf fength and breadth ratio was recorded
on the entry RSE-90-2-3-1 (0%92.921 cm), which was significantly
less than the rest of the entries. However, 1t was on par
with the entries at Sr. No. 2, 3, 5 and 55. The maximum leaf
length and breadth ratio was recorded on the entry I5-18551

(24.11 cm), which was signficantly mare than the rest of the

entries. However, 1t was on par with the entries at Sr. No.



Table 7.
Sr.
No.

RSE
1. RGE
2. RSE
3. RSE
4. RSE
S. RSE
6. RSGE
7. RSE
8. RSE
Q. RSE
10. RSE
11. RSE
12. RSE
13. RSE
14, RSE
15. RSE
16, RSE
17. RSE
18. RSE
19. RSE
20. RSE
21. RSE
22. RSE
23. RSE
24. RSE
25 RGE
26. RSE
27. RSE
28. RSE
29. RSE
30. RSE
31. RSE
32. RSE
23. RSE
34. RGE
35. RSE
3I6. RGE
Z RSE
38. RSE
9. RSE
40 . RSE
41. RGE

Leaf length

entries

0 -
20 -
0 -
0 -
0 -
0 -
?0 -
{0 -
0 -
R0 -
0 -
Q0 ~
0 -
0O -
90 -
O -
0 -
Q0 -
Q0 -
{0 -
0 -
0 -
?0 -
0 -
0 -
20 -
0 -
Q0 -
Q0 -
QO -
?0 -
0 -
Q0 -
RO -
O -
0 -
S0 -
0 -
Q0 -
RO -
90 -
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breadth

ratio at different growth
stages 1n different entries of sorghum (Kharlj/1993)

Average leaf length

breadth ratio

0%.91
10,22
10.36
11.66
10.69
12.29
¢ 11.81
- 12.55
11.83
14.56
20.74
11.55
15.23

T T
. ~

13.29
15.11
16.32
16.03
17.81
16.29
13.65
16.24
16.23
14.78
14,07
15.58
22.79
22.955
21.87
14,66
21.96
19.33
14.44
18.44
1B. 36
17.55
17.30
17.32
22,19
20.27

18.77

05
0S5
05
09
05.
05
05
06&.
06.
07.
11.
06.
08.
06.
Q7.
10.
09,
10.
11.
09.
o7.
08.
09.
06.
08.
08.
17.
13.
15.
08.
15
07.
09.
11.
15.
12.
14,
09.
17.
17.

15,

.08
.31
.86
.69

38

.69
. %5

04
06
08
86
81
62
84
11
28
70
17
33
38
92
79
04
91
36
78
48
26
14
s7

.64

44
67
05
15
98
02
65
60
06
ag

1n

06
06
06
06
06
06
07
07

cm

.47

.30

.63

.72

.79

.B6

.03

.14

07.23

07

07.

o7

o7.

o7
07
08
08
o8

oB.
0%.

10

10
10
11
11
11
11
12
12
13
13
14
13
15
16
16
17
17

.30
47
.60
74
.81

.91

23

.30

.43
73

23

.02
10.
10.
10.

16
40
67

.79

.90

.05

.25

.41

.68

.13

.68

.27

.72

.98

.27
.63
32

.93

.08

A

06&6.84
06.89
07.04
07.0%9
07.21%
07.27
07.46
07.59
07.24
07.93
08.05
08.12
0B.24
08.38
08.58
0B.8B&4
08.%6
09.25
09.25
02.41
02.51
09.65
09.87
10.18
10.36
10.91
10.46%9
10.90
11.14
11.46
11.85
12.28
12.59
12.95
13.30
13.54
14,04
14.36
14.85
15.28
15.56

(Tt A

60



472, RSE Q0 -
43. RSE 90 -
44, REE Q0 -
45. REE 90 -
45. RSE Q0 -

1 22.23 17.02 17.77 15.97

1 22.14 15.75 18.01 16.23
-1 22.42 17.15 18.19 16.55
2 23.2 16.41 18.45 16.73%
.38 18B.35 1B.67 16.82

PUBAYPLWNWP
{

O WN= 0 &
N
i
M

47 . RSE 90 - - -1 27.31 18.03 19.14 17.22
48. RSE 90 - - -1 12.20 13.04 19.51 17.52
49, RSE 90 - - -1 2.66 11.54 19.62 17.92
50. RSE Q@0 - - - 3 24.06 19.21 19.63 18.54
Resistant checks
S1. ICSY - 705 2r.18 17.72 17.24 15.54
32. 1€ - 2205 23.06 1B.30 17.91 15.97
293. IS - 5490 23.%52 18.795 18.55 16.58
54 IS - 185951 24.11 19.06 12.14 146.8%
Susceptible checks
595. DJ - &514 10.52 05.37 06.63 07.39
56. CSH - @ 11.35 05.32 06&.79 07.96

£E. * 00.91 00.BO 00.72 00.64
C.D. at 5% level ©1.28 01.13 00.94 00.72
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27, 42, 4%, 46, 47, 492, 90, 52 and 53. The remaining entries

occupled i1ntermediate positions.

The» minimum leaf length and breadth ratio on the
14th day after germination was recorded on the entry RSE-90-2-
3-1 (05.08 cm), which was significantly less than the rest aof
the entries. However, 1t was on par with the entries at Sr.
No. 2 to 2, 55 and 56. The maximum leaf length and breadth
ratio was recorded on the entry RSE-20-4-7-3 (192.21 cm), which
was significantly more than the ;est of the entries. However,
1t was on par with the entries at Sr. No. 46 and 52 tao 5S4.

The remaining entries occupied i1ntermediate paositions.

On the 21St and ZBth day after germination minimum
leaf length and breadth ratio was recorded on the entry RSE-
f0-2-3-1 (0&6.47 cm and 0&6.B4 cm respectively), which was
si1gnificantly less than the rest of the entries. However, it
was on par with the entries at Sr. No. 2 to 106, 55 and 56 and
Sr. No. 2 to 2, 353 and 56 respectively. The maximum leaf
length and breadth ratio was recorded on the entry RSE-90-4-7-
3 (19.63 cm and 18.54 cm respectively), which was
signi1ficantly more thanm the rest of the entries. However, it

'

was on par with theientrles at Sr. No. 47 to 49 and 54 on the

1St day after germination and Sr. No. 49 on the 28th day

I

after germination. The remaining entries occupied
intermediate positions.
The entries having less leaf length and breadth

ratio are observed highly susceptible and the entries having
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more leaf length and breadth ratiao are observed less
susceptible. The more leaf length and breadth rati:o i1ndicates
the narrowness of the leaves associated with the shootfly
resistance. Singh (1977), Bothe (197%9), Mait: and Bidinger
(1979), Moholkar (1981) and Jadhav et al. (1986) made  a

t\/
general statement that the egqg laylngﬁgs less on the entries
jas e

w
with narrow and long leaves andlsfe abserved less susceptible
to shootfly 1nfestation. The same 1s evidenced during the

present course of 1nvestigatiaon.

4.2.4 Leaf area

The data 1n respect of leaf area calculated from
leaf length and leaf breédth which was recorded at 7 days
interval starting from the 7th day after germination and
continued wupto the EBth days after germination are presented
1in table 8.

The average leaf area on the 7th and 14th day after
germination ranged from 06.28 to 12.54 sgq. cm and 18.59 to
53.29 sg. cm respectively. The minimum leaf area was recorded
on the entry RSE-20-6-8B-1 (0&.28 sqg. cm) and RSE-90-5-7-1
(18.59 sg. cm) respectively, which was significantly less than
the rest of the entries. However, on the 7th day after
germination 1t was on par with the entries at Sr. No. 1 to 7,
T, 11, 16, 20, 23, 24 and 5! to S54. On the 7th day after
germination maximum leaf area was recorded on the entry RSE-

th

0-2-5-1 (12.54. sqg. cm), while on the 14 day aftfter

germination minimum leaf area was recorded on the entry RSE-



Table B. Leaf area at different growth stages i1n different
entries of sorghum (Khar1j,1993)

Sr. Entry Average leaf area 1n sg. cm

RSE entries

1. RSE 90 - 4 - 7 - 3 06.91 24.26 072.30 124.64
2. RSE 90 - 5 - 8 - 1 07.05 23.78 072.24 128.71
3. RSE 90 - 4 - 3 — 1 07.28 35.55 072.50 131.52
4, RSE 90 - 5 ~ 7 — 1 07.13 18.959 073.68 133.45
5. RSE 90 — 3 - 4 - 1 07.29 25.83 075.70 135,34
b. RSE 90 - 7 - 12 -2 0&6.93 24.98 075.08 136.09
7. RSE 90 -~ 4 — & — 2 07.14 24.03 075.48 136.10
8. RSE 90 ~ 3 ~ 4 - 1 07.42 23.07 075.58 137.73
2 RSE 90 - 4 — 4 - 1 07.27 25.79 074.62 138.37
10 RSE 90 - 4 - & — 1 07.45 24.00 075.84 138.80
11, RSE 90 - 4 - 9 - 1 07.19 24.98 074.75 139.03
12 RSE 90 - 5 - 4 - 2 07.44 25.03 074.83 139.86
13 RSE 90 - &6 - & — 2 09.57 29.16 075.75 143.70
14. RSE 90 - 5 - 9 - 2 08.16 31.35 078.36 146.78
15 RSE 90 -~ 5 — 10- 1 08.18 31.43 079.51 151.58
16. RSE 90 — 4 — 1 - 1 06.53 27.11 080.40 152.68
17. RSE 90 - 5 — 1 - 1 10.49 50.19 08&.04 154.67
18. RSE 90 ~ 7 - 4 — 2 08.38 2&6.75 08B6.24 154.84
19. RSE 90 - & - 8 - 1 06.28 27.18 08B6.79 156.88
20. RSE 90 - 4 - 12 - 1 06.30 21.61 088.80 156.99
21. RSE 90 - 7 - 3 - 1 09.54 43.01 088.09 157.37
22. RSE 90 - & - 17- 1 10.33 3I9.34 090.46 158.86
23. RSE 90 - 5 - 1t - 2 07.11 26.96 087.17 159,14
24, RSE 90 - 5 - 3 — 2 0&6.75 24.15 087.25 160.37
25. RSE 90 - 7 - 16 - 2 09.4% 49.97 087.37 161.90
26. RSE 90 - 3 - 9 ~ 1 08.89 50.40 087.30 162.44
27. RSE 90 - 4 - 5 - 1 10.39 43.45 086.82 163.77
28. RSE 90 - 7 - 11 - 2 07.95 33.00 087.19 165.71
29. RSE 90 - 3 - 12 - 1 08.76 I3.8&6 088.49 168.92
30. RSE 90 - 7 - 9 - 1 10.81 53.29 088.640 169.29
31. RSE 90 -~ 7 — 16 - 1 07.76 30.63 088.86 170.24
32. RSE 90 — 7 — & - 1 11.11 50.73 099.41 171.47
33. RSE 90 - 5 - 11 - 1 08.85 34.81 100.76 171.94
34, RSE 90 - 5 ~ 12 - 1 08.26 28.99 101.28 172.74
35. RSE 90 — 4 - 8 ~ 1 08.94 3IB.0ZX 100.29 172.82
36. RSE 90 - 5 - 12 - 2 09.14 32.90 101.42 173.56
37. RSE 90 - & - 8 — 2 11.87 S1.73 099.&2 173.88
38. RSE 90 - 7 - 4 — 3 10.70 45.25 099.67 173.99
z9. RSE 90 - 7 - 16 - X 10.66 40.03 098.15 174.06
40. RSE 90 - 5 - 3 - 1 07.59 24.12 098.45 174.22
41, RSE 90 - 7 - 8 -~ 1 10.25 52.13 098.81 174,32
42, RSE 90 - 7 - 13 - 2 10.50 46.68 098.50 177 .66
43. RSE 90 - 3 ~ 4 — 2 12.18 47.90 098.68 179.22
44, RSE 90 - 5 -~ 2 - 1 10.12 40.89 097.03 180.37
45, RSE 90 - 8 — 4 - 1 12.49 49,460 098.85 180.64

(Contd..)
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11.55 47.23 095.79 181.22

44. RGE 90 - 1 - 5 - 1

47. RGE 20 - 3 - 2 - 1 11.90 46£.52 097.44 181.28

48. RGE 90 - 2 - %3 - 1 11.38 45.98 096.16 182.22

49, RSE 20 - 1t - 11 - 1 11.92 S52.13 097.22 182.55

50. RGE 90 -~ 2 - 5 - 1 12.%4 49.94 097.64 182.67
Resistant checks

51. 1S - 18551 06.92 24.43 073.68B 135.81

352. IS —- 5490 06.97 24.77 075.90 138.17

53. 15 - 2209 07.05 25.2 078.38 142.03

54, 1C8Vv - 705 06.89 25.95 079.87 144.74
Susceptible checks

55. CSH-9 10.26 43.87 092.56 166.08

56. DI-6514 10.76 43.66 093.81 168.21
S.E. * 00.41 01.927 002.74 003.56
C.D. at 5% level 01.12° 02.38 003.50 005.71

7-3404
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Q0-7-9-1 (53.2%9 sg. cm), which was significantly more than the
rest of the entries. However, 1t was on par with the entries
at Sr. Mo . 7, 42, 45 to 47 and 49 on the 7th day after

h
germingtion and Sr. No. 37, 41 and 49 on the 14t day after

germination. The remaining entries occupled intermediate
positions.

The average leaf area on the 21St day after
germination ranged from 072.24 to 101.42 sq. cm. The minimum
leaf area was recorded on the entry RSE-20-5-8-1 (072.24 sq.

cm), which was significantly less tham the rest of the

entries. However, 1t was on par with the entries at Sr. No.

A

1, to @, 11, 12, and 51. The maximum leaf area was recorded
on  the entry RGE-Q0-5-12-2 (101.42 sgq. cm), which was
significantly more than the rest of the emtries. However, 1t

was on par with the entries at Sr. No. 42 to 49. The remaining

entries accuplred intermediate pos:itions.

On the 28th day after germination average leaf area
ranged from 124.64 to 18B2.467 sg. cm. The minimum leaf area
was recorded on the entry RSE-90-4-7-3 ( 124.64 sg. cm), which
was significantly less than the rest of the entries. However,
1t was on par with the entry at Sr. No. 2. The maximum leaf
area was recorded on the entry RSE-20-2-5~-1 (182.467 sqg. cm),
which was significantly higher than the rest of the entries.
However, 1t was on par with the entries at Sr. Npo. 42 to 49.

The remaining entries occupied i1ntermediate positions.
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The entries having less leaf area are observedhless
susceptible to shootfly 1nfestation. Even though the less
suceptibile entries having more leaf length, less leaf area
was recorded on them. This might be due to less leaf breadth.
The léss number of eggs wads laid and less number of dead
hearts was observed on the entries having less leaf area.
This might be due to the non-preference of the long and narrow
leaves for shooctfly oviposition as the shootfly does not gets
more area to move and deposite eggs at suitable spot. The
simi1lar results were recorded by Singh (19277) and Mohaolkar
(1981) . The observations however, differ from Mate (19278) who

reported that the maximum leaf area i1mdicates planmnt vigour and

cultivars having more leaf area were resistant to shoaotfly.

4.2.5 Plant height

The observations on plant height were recorded at 7

th
days 1nterval starting from the 7 day after germination and
th .
continued upto the 28 day after germination are presented in
table 9.
th

The average plant height on the 7 day after
germination ranged from 04.42 tg 06.923 cm. The minimum plant
height was recorded on the entry RSE-90-1-5-1 (04.42 cmy,
which was significantly less thamn the rest of the entries.
However, 1t was on par with the entries at Sr. No. 1, 3, 4, 64,

11, 14, 28, 55 and 5&. The maximum plant height was recorded

on the entry RSE-20-3-6-1 (046.93 cm), which was significantly
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Table 9. Plant height at different growth stages 1n different

entries of sorghum (Fharif 1993
Sr. Entry fAverage plant height 1n cm
No. T T T e e e
Days after germination
7 14 21 28
RSE entries

1. RSE 90 ~ 2 - 3 - 1 04,97 10.01 10.61 24.00
2. RGE @0 - 1 - 3 - 1 04.42 10.70 16.05 24.01
3. RSE 90 - 1t - 11 - 1 04.87 . 10.94 18.56 24.08
4, RGE 20 - 2 - 9 - 1 05.17 10.51 17.12 24.13
S. RSE Q0 - 3 - 2 - 1 05.81L 11.33 21.70 24.44
6. RGE 90 - 5 - 2 - 1 05.13 09.92 17.37 23.79
7. RSE 20 - B - 4 - 1 05,21 11.73 23.49 26.14
8. RGE 90 - 3 - 4 - 2 06,12 11.11 17.48 246.58
9. RGE @0 - 7 - 13 - 2 05.%96 106.952 20.26 27.28
10. RGE 90 - 7 - 1& - 3 05.27 11.28 19.82 27.2%9
11. RGE Q0 - 5 - 3 -1 04 .90 11.59 19.03 27.45
12. RGE 2?0 - 7 - B8 - 1 06.03 11.68 20.97 27.61
13. RSE 90 - 7 - 4 - 3 NS .27 11.47 12.04 27.468B
14, RGE 90 - &6 - 8 - 2 04,89 10.97 12.95 27.94
15. RGE 90 - 7 - & - 1 05.51 11.05 22.91 28.01
16. RGE 90 - 5 - 12 - 2 05.65 12.72 24.20 28.21
17. RSE 90 - 5 - 12 ~- 1 05.73 10.94 20.79 28B.6%9
18. RGE 90 - 5 - 11 - 1 05.51 11.95 25.27 28.80
19. RGE 90 - 4 - 8 - 1 05.87 11.36 21.97 28.90
20. RGE 90 - 7 - 16 - 1 06.17 12.11 17.56 29.09
21. RGE 90 - 7 - 9 - 1 05.13 10.67 26.35 29.25
2. RSE 90 - 3 ~ 12 - 1 05.77 12.592 21.90 29.27
23. RGE @0 - 7 - 11 - 2 05.74 12.514 24.61 29.446
24, RSE 90 - 4 - 5 - 1 0&6.21 11.52 21.95 29.76
29. RGE 90 - 3 - 2 - 1 09.73% 11.61 24.63 29.8B6
26. RSE Q0 - 7 - 16 - 2 05.9° 11.00 22.17 30.27
27. RGSE 920 - 5 - 3 ~ 2 06.17 11.8B6 21.11 30.31
28. RSE 20 - 5 - 1 -~ 2 04.77 11.93 25.51 30.39
29. RSE 90 - & - B8 - 1 05.92 12.24 29.7&6 -31.68
30. RSE 90 - 5 - 1 -1 ' 05.23 11.33 21.56 31.87
3t RGE @0 - 4 - 12 - 1 - 05,92 10.85 21.77 31.97
J2. RSE Q0 - 4 - 17 - 1 05.45 11.43 26.71 32.24
I3, RSE Q0 - 7 - 3 - 1 04,07 11.195 24.42 3I2.67
34, RSE Q0 - 7 - 4 - 2 0s5.77 12.24 25.75 32.76
5. RSE 90 - 4 - 1 - 1 05.93 11.61 24.39 33.31
3b6. RSE 90 - 5 ~ 10 - 1 06.23 3.07 21.72 33.59
Z7 . RGE S0 - 5 - 2 - 2 06,73 11,192 29.77 33.89
8. RGE 90 - & - & — 2 0b.17 10.86 23.21 33.94
39. RSE Q0 - 5 - 4 - 2 0b6.21 11.62 20.76 34.09
40 . RGE 90 - 4 - @ - 1 0&6.74 11.89 29.955 34.25
41, SE 909 - 4 - 4 -~ 1 06.30 11.43  29.37 34.39
472, RSE 90 - 4 - & - | 06.5S 11.74 29.21 35.73
475, RSE 90 - 3 - & - 1 06.93 11.05 29.79 Z6.80

(Contd..)
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44 RGE 90 - 3 - 4 - 1 06.06 10.69 29.31 37.35
45. RGE Q0 - 4 - 6 - 2 06.57 11.11 29.77 37.51
44, RSE 90 - 7 - 12 - 2 06.87 11.62 29.395 37.70
47 . RGE 90 - 5 - 7 - 1 06.77 10.87 3I0.79 3IB.13
48. RGE Q90 - 4 - 3 - 1 06.51 11.30 29.13 38.21
49, RSE 20 - 5 - 8 - 1 06.52 12.79 30.21 3B8.26&
50. RSE 90 - 4 - 7 - & 06.64 12.87 31.43 3B.92
Resistant checks
S51. ICsv - 705 06.90 11.395 18.64 31.60
52. IS - 2205 0&.77 12.1%9 28.93 36.35
53. IS - 5490 06.21 11.77 29.25 3&.30
54. IS - 18551 06.74 13.20 29.28 36.99
Susceptible checks
55. DJ - 6514 04.45 10.74 10.97 24.71
56. CsSH - @9 05.15 10.64 13.18 24.76

S.E. =* ©00.27  00.27 00.91 00.96
C.D. at 5% level 00.77 00.76 02.37 02.69
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more than the rest of the entries. However, 1t was on par
with the entries at Sr. No. 20, 24, 27, 36 to 42, 44 to 50 and

51 to 54. The remaining entries occupiled intermediate

positions.

tr
On  the 14°" day after germimation average plant

height ranged from 0%9.92 to 13.20 cm. The mimimum plant
height was recorded on the entry RSE-920-5-2-1 (09.92 cm),
which was significantly less than the rest of the entries.
However, 1t was on par with the entries at Sr. No. 1, 4, 2, 21
and 546. The maximum plant height was recorded on the entry I1S-
18551 (13.20 cm), which was si1gnificantly more than the rest
of the entries. However, 1t was on par with the entries at
Sr. No. 16, 22, 23, 36, 49 and S5O. The remaining entries

:
occupied 1ntermediate positions.

The awverage plant height on the ZISt and EBth day
after germination ranged from 10.61 to 31.43 cm and 24.00 to
38.92 cm respectively. The minimum plant height was recorded
on the entry RSE-20-2-3-1 (10.61 com and 24 .00 cm
respectively), which was significantly less than the rest of
the entries. However, 1t was on par with the entries at Sr.
No. 595 and 56 on the let day after germination and Sr. No. 2
to B, 955 and 56 on the ZBth day after germination. The maximum
plant height was recorded on the entry RSE-20-4-7-3 (31.43 cm
and ZIB.92 cm respectively), which was significantly more than
the rest of the entries. However, 1t was on par with the

st
entries at Sr. No. 29, 37, 40 to 49 and 52 ta 54 aon the 21
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day after germination and Sr. No. 42 to 49 and 52 to 54 on the
th
28 day after germination. The remaining entries occupied

tntermedrate poasatron,.,
!

The entries having more height are observed less
susceptible to shootfly 1nfestation than the dwarf varieties.
The dwarf varireties are observed highly susceptible. This
might be due to the slow growth of plants. Similar results
were recorded by Blum (1966), Parameswarappa et al. (1968),
Raghunath et al, (1972), takshminarayana (1974), Dalv:i (1973),.

Narayana (1975), Sharma (1975), Jotwani (1978b), Bothe (1927%9),

w
Mate et al. (1979), Raskar (1979), Khﬁana (1280, Singh and

Jatwant (1980), Moholkar (1981), Dalvi et al. (1984), Jadhav

et al. (1986) and Patel and Subhanmi (1990b).

4.2.6 Trichomes on sarghum leaves
The observations on the presence of the number of
trichomes, the microscopic hair per sgq. mm on the leaf surface
th .
of sorghum was recorded on the 14 day after germination are

presented in table 10.

The number of trichomes ranged fraom 04.20 to 47.80
per sg. mm. The trichomes were not present an the leaves of
susceptible checks CSH-9 and DJ-6514. The minimum number of
trichomes wRr recorded on the éntry RSE-20-2-3-1 (04.20 per
sq. mm?), which was significantly lower than the rest of

the entries. The maximum number of trichomes were recorded on
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the ent%y 15-5490 (47.48 per sg. mm), which was significantly
higher than the rest of the entries.

There 15 a 1ndication that this parameter may be

playing an importanmt role i1n the 1nfestation and damage caused

by shootfly. The trichomes were absent in both the
susceptible checks, but these were present 1n all the
resistant checks. The number of trichomes were more on the

less susceptible entries than the highly susceptible entries
which were screened for the shootfly resistance. The shootfly
damage and egg laying was observed to be reduced 1n the
entries having mare trichomes. = The presence of trichomes on
leaf surface may confer an advantage i1n two ways, 1) by
reduction 1n egg laying on leaf and 11) by reduction in the
frequency with which the presence of eggs of shootfly results
1N the death of shoot of sorghum. Similar results were
reported by Maiti1 and Bidinger (197?), Maitir et al. (1980),
Moholkar (1981), Jadhév et al. (1986), Patel and Sukhani

(1990b), Swarna Sree et al. (1992) and Taneja and Mairti

(1929,

4.2.7. Leaf colour

The observations on leaf colour was recorded on the
14th day after germination are presented 1n Table 10.

The entries at Sr. No. 1 to 12, 55 and 56 showed
dark green colour, while green coloured leaves were observed

on the entries at Sr. No. 13 to 32. The rest of the entries

at Sr. No. 33 to 34 showed yellowish green coloured leaves.
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The colour of the leaves appeared to be one of the
morphological characters responsible for varied reaction of a
sorghum entries to the attack of shootfly. The yellowish
green coloured leaves were observed on the all resistant check
and less susceptible RSE entries, while dark green coloured
leaves were abserved on the susceptible checks and highly
susceptible RSE entries. The RSE entries which showed
moderate level of 1nfestation have green coloured leaves. The
similar observations were recorded by Vedamoorty (1267), Bapat
et al. (1975), Chavan (1973), Bothe (1979), Mate et al.
(1979), Kulkarmi et al. (1981), Moholkar (1981}, Jadhav et al.

(1986) and Patel and Sukhani (1990b).

4.2.8 Glossiness of leaves

The observations on glossiness of leaves was
recarded on the 14th day after germination are presented 1in
Table 10.

The leaves of the entries at Sr. No. 1 to 12, 55
and 9546 were observed to be non-glossy, while glossy leaves
were observed on the entries at 5Sr. No. 13 to 54.

The glossiness aof leaves appeared to be one of the
morphological characters responsible for shootfly damage in
sorghum. The resistant checks and the RSE entries which
showed moderate to less susceptibility showed shiny or glossy
leaf appearance, while the non-glassy leaves were observed on

the susceptible checks and highly susceptible RSE entries.
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The minmnimum egg laying ‘and i1nfestation was observed on the

entries having glassy leaves. Similar results were recorded
ot &l.
by Vedamoorty (19&7), Narayana (1973), Kulkarnlﬁilqei), Jadhav
et al. (1986, Nwanze et al. (1291) and Taneja arnd Maiti
(1992).
4.2.9 Leaf surface wetness
The observations on leaf surface wetness was

recorded on the 14th day after germination are presented in
table 10.

The entries at Sr. Na. t to 12, 3% and 56 showed
high leaf surface wetness, while medium leaf surface wetness
was observed on the entries at Sr. No. 13 ta 32. The rest of
the entries at Sr. No. 33 to 54 showed 1low 1leaf surface
wetness.

The low leaf surface wetness gf central whort leaf
was ahbserved on the resi1stant checks and less susceptible RSE
entries while high leaf surface wetness was observed on the
susceptible checks and highly susceptible RSE entries. The
medium leaf surface wetness was observed on the moderately
susceptible RSE entries., Slmlla; observations were recorded

by Nwanze et al. (1920), MNwanze et al. (19921) and Swarna Sree

et al. (1992).
4.2.10 Growth habit of the plants

The aobservations on %the growth habit of the plant
was recarded on the 14th day after germination are presented

1in Table 10. ¥
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The entries at Sr. No. 1 to 12, 55 and 36 showed

more spreading growth habit, while medium spreading plants was
observed 1n the entries at Sr. No. 13 to 32. The rest of the

entries at Sr. No.33 to 54 showed erect growth habait.

The less number of eggs and dead hearts were
recarded on the resistant checks and less susceptible RSE
entries which having erect growth habit, while more number of
eggs and dead hearts were recorded on the susceptible checks
and highly susceptible RSE entries having spreading growth
habit. While maoderate egg laying and i1nfestation was observed
on the wmedium spreading plants of the sorghum. Similar

results were observed by Singh (19277) and Mait: and Bidinger

(1979).

4.2.11 Recovery Resistance

The data on percentage of recovery are presented in
Table 4 ranged from 13.32 to 61.02, while not a single plant
was recovered 1n the entry DJ-463514. The minimum recovery was
recorded 1n the entry RSE-90-1-5-1 (13.32 per cent), which was
significantly less than the rest of the entries. However it
was on par with the entries at Sr. No.7, 16, 17, 31, 4B and
50. The maximum recovery was recorded 1n the entry RSE-90-5-
8-1 (61.02 per cent), which was significantly more than the
rest of the entries. However, 1t was on par with the entries
at Sr. No.! to 3, 9, 12, 15, 16, 2, 23, 29, 32, 39, 40, 42,
52, 54 and S6. The remaining entries accupied 1ntermediate

posi1tirons.
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As mentioned by kogan (1275), Blum (1946%9), Doggett

et al. (1970 and 1972), Sharma (1975, S;%hu Reddy and Davies
(19783}, Kadam and Maote (1983) and Mote et al. (1985) recovery

of damaged plants 1$ an 1important factor 1N resistance
Lreeding programme for getting normal vyield. Though, the
entries RSE-20-7-8-1, éSE—QO—S—E—l and RSE-20-7-13-2 were
severely attacked by the shootfly showed good recovery of
57.79, 959.96¢ and 57.8685 per cent. Though the cent per cent
dead hearts were observed 1n the susceptible check CSH-92, it
showed more recovery resistance (49.26 per cent). The 1njured
plants are recovered might be due to more tillering habit,
faster growth rate and bigher plant vigour. But clear cut

correlation could not be obtained between recovery and

susceptibility of the plants.

4.3 Correlation of different morphological (Physical)
plant characters with incidence and egg laying of
sorghum shootfly
The wvalues of correlation coefficirent (r) of

different morphological (Physical) plant characters with

incidence and eqgg laying of sorghum shootfly are presented in

Table 11 and Fi1g. 3.

It could be seen from the table that there was a

strong and postitive correlation between dead hearts and egq
go1 ‘

laying (0.96%) . Slmllarlygilyas a significant negative

carrelation of leaf length with dead hearts ar susceptibility
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plant characters
and egg laying
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11. The values of
different morphological
wi1th incidence
sorghum shootfly.

Morphological

characters

Dead heafpts or
susceptibility

10.

11.

Dead hearts or
susteptibility

Eqg laying

Leaf length

Leaf breadth

Leaf length and

breadth ratio

Leaf aresa

Plant height

Trichomes on leaves

Leaf colour
Yellowish green
Green

Glossiness
Leaf surface wetness
Growth habit

Erect
Spreading

Positive
(0.969)

Negative
(-0.313)

P051t1vg
(0.294)

Negative

*
(-0.318)

Positive
B

(0.319)

Negative
(-0.335)

Negative

(-0.779)
MNegative
Positive
Negative
Positive

Negative
Posi1tive

¥

Posi1tive
(0.969)

Negative
(-0.313)

Positiv
(0.289)

Negative

(-0.317)"

Positiv
(0.322)

Negative
(=0.320)

Negative
(-0.799)
Negative
Posi1tive
Negative
Positive

Negative
Posi1tive

¥* ¥

* ¥

W

* Signi1ficant at P
Significant at P

i

0.05
0.01
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(=0.313) and egg laying (-0.315). There was a significant
positive correlation of leaf breadth with susceptibility
(0.294) and eqg laying (0.28%9). The significanmt negative
correlation of leaf length and breadth ratio was abserved with
susceptibility (-0.,318) and egg laying (-0.317). Similarly,
there was a significant positive correlation of leaf area with .
susceptibility (0.319) and egg laying (0.322). The
si1gni1ficant negative correlation of plamnt height was observed
with susceptibility (-0.335) and egg laying (~0.320). There
was a strong and negative correlatiaon of trichomes with
susceptibility (-0.779) anmd egg laying (-0.799). There was a
significant negative correlation of yellowish green colour of
leaves with susceptibility anmd egg laying, while significant
positive correlation of green colour was observed wilth
susceptibi1lity and eqq laying. There was a significant

negative correlation of glossiness with susceptibility and egg

laying. The si1gnificant positive correlation of leaf surface
wetness of central whorl shoot was observed with
susceptibility and egg laying. There was a significant

negative correlation of erect growth habit of the plant with
suspectibility and egg laying, while significant positive
correlation of spreading growth habit of the plant was

observed with susceptibility and egg laying.
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S5 . SUMMARY AND CONCLUSION

Sorghum 1s an 1mportant food crop of Maharashtra

and 1s cultivated 1n both Kharif and Raba seasons. Its
cultivation 1N summer 1s also very common whenever there are
irrigation facilities. Al though, the efforts to boost the

production of the crop have been successful to some extent, it
has not been possible tao cover major area under high vyielding
varieties and hybrids because of. their high susceptibility to
insect pests. Among the various pests, the shootfly 15  the
major one which has 1n fact gained i1mportant pest status with

the introduction of high yrelding varieties and hybrids.

Several chemicals have been tried for the control
aof the pest and some of them have been also recommended.
These 1nsecticides are not used on large scale because of the
several problems associ1ated wi1th their use. The most
important problem 15 the caost 1nvolved 1n their use and in
marginal profit crop like awar, thelr use becomes
prohibitive.

Use of alternate methods to combat the pest problem
has become 1nev1table.i Among the other control measures,
growing resistant varieties 1s the cheapest and easy me thod

which can be adopted by all farmers.

Efforts are therefore, already 1nitiated to find

out varleties which would escape or resist the shootfly attack
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and to determine morphological (physical) characters of the

plants associated with resistance to shootfly, 1f any. Some
of the varireties have been also reported to be Promilsing,
since the new varieties and hybrids are continuously
developed, 1t was felt necessary to screen some aof the

promising entries for their resistance to shootfly.

Fifty RSE entries along with four resistant checks
and two susceptible checks were screened under field
conditions 1n Kharif 1993 and observations were noted on the
incidance of shootfly and some morphologlcal'(phy51cal) plant
characters.

5.1 Field screening of sorghum entries for shootfly
infestation and damage
5.1.1 Shootfy damage as indicated by dead hearts

Observations were recorded on dead hearts caused by
shootfly at 7 days interval starting from the 7th day after
germination and continued upto the 28th day after germination.
The entry RSE-2Q0-4-~-7-3% (24.953 per cent) showed minimum
1incidence of shootfly than the resistant checks. The
resistant checks I5-18551 and I1CSVY-705 also showed 39.81 to
60.58 per cent dead hearts. The maximum percentage of dead
hearts was naoticed on the entry RSE-Q06-2-3-1 (97.22 per cent)
followed by RSE-20-1-5-1 (91.76 per cent) and RSE-?0-1-11-1
(21.40 per cent), while the cusceptible checks DI-&514 and
CSH-9 showed cent per cent shootfly 1ncidence.

Correlation studies on data 1ndicated strong and

positive caorrelation betweern shootfly oviposition and dead



hearts (0.269) . This 1ndicates the dominance of the non-

preference for oviposition mechanism.

95.1.2 . Preference for oviposition

Observatiung recaorded an the preference for
oviposition showed that resistant checks were significantly
lesgs preferred for oviposi1tion than susceptible checks. The
eqg laying started from 7 days after germination which

1st th

steadily 1ncreased and was maximum on the 2 and 8 day

J

after germinatiaon. The maximum number of eqgs were observed
an susceptible checks DJ-6514 and CSH-92 (B.00 eggs per plant)
followed by highly susceptible entries RSE-0-2-3-1 (7.73 eqggs
per plant), RSE-90-1-11-1 and RSE-20-1-5-1 (7.20 eqggs per
plant). The resistant checks and some RSE entries which were
found less susceptible had least number of eggs as compared to
susceptible checks and highly susceptible RSE entries. It

indicated the non preference for oviposition.

5.2 Marphological (Physical) plant characters possibly
assaocliated with shootfly resistance
5.2.1 Leaf length
This parameter was found to be consistent when
observations were recorded at different growth stages. The
entries having more leaf length was found to be less
susceptible. The less legf length was recorded on susceptible
checks and highly susceptible RSE entries. The more leaf

length was observed one of the best characters faor shootfly

85
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resistance. The <si1gnificant negative correlation of leaf
length was established with susceptibility (r = -0.213) and
egg laying (r = —-0.313).

5.2.2 Leat breadth

The Darameger of leaf breadth was found to be
consistent when observations wére recorded at different growth
stages. The entries having less leaf breadth was found to bhe
less susceptible and less number gf eggs were recorded on
these entries. The entries having mare leaf breadth was found
to be highly susceptible. The more leaf breadth was recorded

on the susceptible checks and less leaf breadth an the

resistant checks. More leaf breadth provides mare area to
shoaotfly to move about and select suitable spot for
oviposlition. The significant positive correlation of leaf
breadth was established with susceptibility (r = 0.294) and

eqg laying (r = 0.289).

5.2.3 Lteaf length and breadth ratio

The less leaf length and bréadth rati1io was recorded
on the susceptible checks and highly susceptible RSE entries.
The more leaf length.and breadth ratio was recorded on the
resistant checlks and less SQsceptlble RSE entries. The less
egg laying was observed on the entries having more leat length
and breadth ratio than the entries having less leaf length and
breadth ratio. The sigmnificant negative correlation of leaf
length and breadth ratio was established with susceptibility

(r = =-0.318) and egg laying (r = —-0.317).
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5.2.4 Leaf area
The less leaf area was recorded on the resistant
checks and less susceptible RSE entries. The more leaf area
was recarded on the susceptible checks and highly susceptible
RSE entries. The more number of eggs per plant was recorded
on the entries having more leaf area than the entries having
less leaf area. Thls might be due to the shootfly gets more
area to move about and select suitable spot for oviposition.
The significant positive correlation of leaf area was

established with susceptibility (r = 0.319) and egg laying

(r = 0.322).
5.2.5 Plant bheight

The less plant hei1ght was recorded on the
susceptible checks and highly susceptible RSE entries. The

more plant hei1ght was recorded on the resistant checks and

less susceptible RSE entries. The less number of eggs per
plant was recorded on the entries having more plant height
than the entries having less plant height. That means the

tallmess character 1s responsible for the shootfly resistance.

The s1gnificant negative correlation of plant height was

established with susceptibilaity (r = ~0.335) and eqq laying (r
= —-0.3207.,
5.2.6 Trichomes on leaves

The trichomes were not observed on the baoth

susceptible chechks. However, the trichomes were obserwved on
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all the RSE entries amd resistant checks. It 15 observed that
as the number of trichomes per sg. mm increased, the dead
hearts and #égg laying decreased. The strong and negative
corvelation of the presence nf trichomes was established with

-0.7929).

susceptibility (rm = =-0.779) and egg laying (r
Theretare, 1t has been suggested that there 1S a definite
associ1ation of trichomes on leaves with shootfly resistance

and oviposition.

5.2.7 Leaf colour

The yellowish green leaf colour was observed on the
resistant checks and less susceptible RSE entraies. The less
number of eggs per plant was recorded on the entrlgs having
yellowish green coloured leaves. The signi1ficant negative
correlation of yellowish green colour of leaves was
established with susceptibility and egg laying. The green
coloured leaves were observed on the moderately susceptible
entries, whi1le dark—-green colour was observed on the
susceptible checks and highly susceptible RSE entries. The
more number of eggs per plant was laid on these entries. The
signi1ficant positive carrelation of green colour of the leaves

was abserved with susceptibility and egg laying.

5.2.8 Glossiness of leaves
The qlossy leaves were observed on the resistant
checks and less to moderately susceptible RSE entries, while

naon-glossy leaves were observed on the susceptible checks and
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highly susceptible RSE entries. The significant negative

correlation of glossiness of leaves was observed with

susceptibility amd egg laying.

5.2.9 Leaf surface wetness

The susceptible checks and highly susceptible RSE
entries showed high leaf surfa&e wetness uni1formly spread al1l
over the surface, while low leaf surface wetness was observed
on  the leaves of resistant checks and less susceptible RSE
entries. It was not uniform on all over the leaf surface but
the water droplets were observed near the margin of leaf in
case of resistant checks and less susceptible RSE entries.
The medium leaf surface wetness was observed on the leaves of
moderately susceptible RSE entries. The less number of eggs
per plant was laid on the entries having low leaf surface
wetness, while more number of eggs per plant was observed on
the entries having high leaf surface wetness. The significant
positive correlation of leaf surface wetness was established

with susceptibility and egq laying.

5.2.10 Growth habits of the plant
The erect growth habit was observed 1in the
resistant checks and less susceptible RSE entries, while

spreading plant habi1t was observed 1n the susceptible checks
and highly susceptible RSE entries. The less number of eqggs
per plant was recorded on the entries having erect growth

habit and more number of egqgs per plant was recorded on the
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entries tHaving spreading growth habit. The si1gni1ficant
negative correlation of erect growth habit was established
with susceptibilaity and egg laying, while significant positive
correlation of spreading growth habit was established with

susceptibi1lity and egg laying.

rl

[y}

.11 Recovery resistance

The data on percentage of recovery ranged from
12.32 to 61,02, Not a sinhgle plant was recovered in
susceptible check bJ—éSl@. The cent per cent dead hearts were
recorded 1n susceptible check CSH-? of which 49.246 per cent
plants were recovered. The recovery aof damaged plants is an
important factor 1n resistance breeding programme for getting
normal yield. The entries RSE-20-7-8-1, RSE-90-5-3-1 and RSE-
Q0-7-13-2 showed more shootfly incidence but later on good
recovery of 57.75, 59.%96 and 57.65 per cent was abserved in
these entries. The 1njured plants were recovered, which might
be due to more tillering habit, faster growth rate and higher

plant vigour. But clear cut correlation could not be obtained

between recovery and suscepftibility of the plants.

73401
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