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ABSTRACT

Field experiments were conducted during 1995-96 and 1996-97 to study the
effect of phosphrous, bacterial culture inoculation and micro-nutreints on growth,
nodulation and vield bf chickpea in rice based cropping systems of Chhattisgarph plain
region of Madhya Pradesh. Grain and straw yield and yield attributes of chicpea increased
wilh increasing levels of phosphorus. All these characters were further increased with the
inoculation of PSB (Phospate solubilizing Dacteria) over their respective levels af
Phosphorous, Inoculation of rhizobium culture further enhanced the grain yield over their
respective levels of phosphorus and PSB. Maximum per cent increase in grain yield of
chickpea over T1 (Control) was recorded under T12 (60 kg P205 + PSB + RC + Sccd
treatment with Mo and FE) followed by 179 (60 kg P,0, + PSB + RC) and T6 (60 kg PO,
+ PSB). Maximum impact of PSB and RC (34.1%) was observed with the application of
30 kg phosphorus (T8) and it decreased with increasing the levels of phosphorus.
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Chhattisgarh is known as rice bowl of the
country. Inthisregion, chickpea is the main crop
after rice which is generally grown on residual
moisture. [n chicpea crop, phosphorus is the main
limiting input without which higher production is
not possible. The efficiency of applied phosphorus
seldom exceeds 15% (Rov et al. 1978). Since the P
fixation is higher in vertisols, it is more important
to know the quantity of P required in soil to raise P
fertility. Phosphate dissolving micro-organisms
are known to solubilize not only inseluble soil
phosphates but also increase tlie efficiency of
soluble form of phosphatic fertilisers applied to
soils, Combined application of Rhizebium and PSB
have synergistic action and stimulate this activity
(Alagawadi and Gaur, 1988, and Poi ct al, 1989).
Information regarding phosphate fertilisation,
single or combined application are scarce
particularly under rained condition on chickpea.
Therefore, the present experiment was undertaken
to study the effect of phosphorus, bacterial culture
and micronutricnt as production potentials of
chickpea under rainfed condition in rice based
Cropping syslems.

MATERIALS AND METHODS

A field experiment was conducted during
winfer (Rabi) season of 1995-96 and 1996-97 at

Chickpea, PSB, Molybdenum, Iron, Yield

Research Farm of Indira Gandhi Krishi
Vishwavidyalaya, Raipur (Madhya Pradesh) in
rice-based cropping systems. The soils of the
experimental field was vertisol with 302 and 318:
13.4 and 12.7 and 450 and 441 kg/ha, available N. P
and K during 1995-96 and 1996-97, respectively
with neutral pH (7.3) in soil reaction. Twelve
treatments viz., T1 - No phosphorus, T2 - 30 kg
phosphorus/ha; T3-60 kg phosphorus/ha; T4-TI
+ PSB; T5-T2+P5B; T6-T3 +PSB; T7-T4 + RC;
T&+T5+RC, T9-T6+RC; T9-T6+RC; T10-60
kg phosphorus (10% through FY'M + 90% through
SSP)+ PSB+RC; T11 - 60 kg phosphorus (20%
through FYM + 80% through SSP + PSB + RC}):
T12 - T9 + Mo + Fe, were tested in randomized
block design with three replications using JG 74

- cultivar. A common dose of N and potash each at

30 kefha was applied at sowing and the crop was
sown on 10th and 13th Dec, 1995 and [996.
respectively, with light irrization through sprinkler
to ensure the germination. Intreatment (T11) where
FYM (0.5% N, 0.2% P205 and 0.5 K20) supplied
full dose of N and K, therefore, urea and MOP not
applied. But in T9 the quality of urea MOP was
reduced by half. The seeds were treated with
rhiznbium and PSB each at 10 o/ka seedand/or 5 ¢
ammonium molybdate and 15 g ferrous sulphare
per kg seed as per treatment,
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RESULTS AND DISCUSSION phosphorus was applied through it (T10). This
) might be due to poor availability of initial inorganic
Growth and Nodulation. nitrogen, phosphorus, because it got fixed with

Phosphorus application with increasing rates  presence of high amount of organic carbon.

increased the growth characters viz., number of Application of 60 kg phosphorus/ha along
branches, dry matter accumulation, leafarcaindex | . pop (phosphate solubiling bacteria), RC
and number and dry weight of nodules during both (rhizobium culture), and seed treatment with
the years (Tahle 1). However, different molybdenum and iron (T12) resulted in better
phosphorus, bacterial culture and micronutrient erowth characters. This was becausc of
treatments did not show any significant response ;ubedcnum and forn were an integral part of
on planEheigh_t during both Fhe years. In-_:rf:arm in nitrogenose, ferredoxin, leghacmoglobin and
nm:l_ulmmn' mlg:htl:.-e due Lo increased activities of cellular enzyme systems in the nodules and
native Rhaz::-h:um as they became motile and especially in various cytochromes that were
flagellate in the presence of phosphorus. present in nodule bacteroids. They might have
Application of phosphate solubilizing bacteriaand influence the sybiosis and nitrogen fixation and
tizabium:farther incr?aged 4l ”"f' above growth ultimately the formation of amino acids into the
Characters gyer "'e." TEspeciive I,EWIS of  podules which were transferred to the host and
F'"“’*'Ff",“‘"“? which might be due to mn:r.eased resulted with formation of branches and dry matter
SGIUI}'F Lon of phosphorus by production of ;.0\ jation (Somani et.al.. 1994). Tiwari et. al..
orgame nEkils {S.ubba‘ Rao 1.935} ﬂ"fi grnu:'th (1989 b) also reported increased nodulation ol
promoting substances like A end gibbereline chickpea due to rhizobium inoclulation along with
produced by PSB. Application of 20 percent of 60 phosphorus and molybdenum application.
kg phosphorus through FYM (T11) resulted in Bhanavase and Patil (1994) at Pune, recorded

lesser growth characters than the 30kg phosphorus . dnod dule div weight. drv
+ PSB (T5) as compared to which 10 per cent. o0 ule number, nodule dry weight, oty

Table 1. Growth and nodulation of chickpea as influenced by phosphorus, bacterial culture z2nd
micronuiricnts

freatments _ Plant Meight  Branches Dry mafter LAl Nodule Nos. Nodule Dy
. {em) per plant  accumulation weizght (me)

95-96 96-97 93-96 96-97 935-96 96-97 95-96 96-97 95-96 96-97 93-96 96-97

T7-0ke P20S+ PSB+RC  33.6 317 183 166 624 630 2.89 293 17.8 10.2 385
T - 30 ke P205 + PSB +RC  34.6 319 19.2 183 6.83 6.96 3.43 331 20.0 1.6 429
79 .60 kz P205 + PSB + RC 35,1 33.7 208 19.3 8.87 B8 436 3.89 204 [5.8 462 390
T10 - 60 ke P205 (10% FYM 34.5 30.4 167 167 7.84 646 3.60 332 224 115 487

+ 60% SSP) + PSB + RC : '
T11 - 60 kg P205 (20% FYM 34.1 313 140 113 691 600 322° 3,17 17.6 10.6 384 300
+ 80% SSP) + PSB + RC . :

T12 - 60 kg P205 + PSB +RC 363 340 22.3. 20.1 8.99 8,00 4.92 3.96 25.6 183 645 416

+ Sced treat. No. & Fe
CD (P=0.005) NS C NS 4.6 41 162 1.27 102 0.80 5.8 3.6 134 64

i #

o
[ 3

T1 - 0 kg P205/ha 31.8 306 I3.1 130 548 5.08 239 154 103 B.6 290 204
T2 - 30 kg P205/ha 328 308 137 137 3.9F 567 514 2.BR 128 103 331 288
T3 - 60 kg P205/ha 329 326 192 157 6.54 632 3.63 333 17.0 143 374 356
T4 - 0 kg P205 + PSB 336 30,7 155 147 583 5.60 253 .67 12.6 9.3 328 256
T3 - 30 ke P205 + I'SB 33.%5 314 165 156 64% 636 319 3.00 154 103 347 288
Th - 60 kg P205 + PSB 334 323 19.0 178 7.39 7.20 395 1.85 19.9 15.6 405 378
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Table 2. - Yield snd vield attributes of chickpea us influenced: by phosphorus, bacterial culture and
. _tp_it_:jo_lﬂt_tr_ifn IE

Treatmenis Pods per 100 seeds. - Grain yield % increase % increase

plant (No) © weight (g)i - {qﬂm] over T1 over respec.
level of P

596 . 96-97 .95-96, 96-97 .95-96 96-97 Mean

TI - 0 kg P205/ha | 45 36 1465 1400 822, 8IS 820 - .

T2 - 30 kg P205/ha 50 42 1498 1432 9.26 8.59  8.92 8.8 .

T3 - 60 kg P205/ha 57 47 1520 1444 (002 10.81 1046  27.6 -

T4 - 0 kg P205 + PSB 46 40 1476 1432 $82. 978 930 134 13.4°

T5 - 30 kg P205 + PSB 58 46 1531 14.67 10.68 12.70 1169  42.6 31.0

T6 - 60 kg P205 + PSB 69 52 15.85 15.02 12,50 -13.41 1295  57.9 23.8

T7-0kgP20S+ PSB+RC 54 42 15.09 1458 9.47, 1096 ,}0.21 245 24.5

T8 - 30 kg P205 4 PSB + RET 63 54 1555 1500 1097 - (2.96  11.96. 45.8. 34,1

T9- 60 kg 205 + PSB+RC- 79 S8 (1626 1546 13.82 .13.18 1350  64.6 29,1

T10 - 60 ke P205 (10% FYM 76 50 116200 15.00 13.25 1193 ,12.59. .,53.3 20.4

+90% SSP) + PSB + RC _ S

T11 - 60 kg P205 tzﬂ% FYM 74 44 1611 1500 1290 10.82 11.86 .. .44.6 13.4

+ 80% SSP) + PSB + RC . o _

TI2-60kg P20S+PSB+ RC 85 59 1665 [581 451 1333 1392 ..69.7 33.1

1-St::d:rcaLNn & Fe . —

CD (P=0,005) 1 6 0.46 042 1.62 1.87 1.67

ety A g v e i i g T

matter of chickpea b)r appllcailn nofm nlybdenum
at différent stagek of.crop growth::

Yield and Yle!d attributes

Pﬂds per plant, lﬁﬂ Sﬂ!:d Wﬂ!g}lt grau? aal'.l'lt?
.straw iwe!d :nt:rnasgd w:th mcreasmg Ievels‘ﬂf
‘phosphorus and signifi uamly hlgﬁer values were
recarded with 50 kg _phasphurus per. heclare (Tj)
over: nu,,phnsphnru_q ,{'I;I} du;mg huth,ihe.l}rear;
(Table2): These; t;hi;ract-:rsfunher mcreased wnh
PSE and rhizobium inoculation” nv.er Ihe;r
respective levels of phosphorus. Combined
inoculation of rhizobiuh 4hd' PSB increased the
grain Lyleiﬂ ‘of chickpea;which were. more
prun-:ruﬂr.&d in the presence of added: phusphat:n
fertilisers (Alagawidi aiid'Gaur, 1988). Theeffect

“of PSB on gram‘}*leld clearly showed that.about
13.4 per.cént more grhm yield was recorded with
no phosphorus’ applmatmn (T4Y'and intrease in
grain yiéld' was five times'more ‘undér 30 kg
phusphnms + PS$ (TS} Pw:r whqn nn!} 30 ke
phns.phnrus was applred alone [TE) whereas it was
tiwee in case of 60 kg phosphorus + PSB (TG6) over
60 kg phosphorus applicantion alone (T3). This

‘clearly showed that fésparise of PSB-was greater
with lower level of phasphorus t than higher Jevel,

Tiwari et al (1989, a) from Kanpur, reported that
seed inoculation w:ﬂ: PSB marLed ly :ncreased the

. nudulahun and.yield of chickpea with or withotit P

fmlllsrrs.'

Wj;en plmsphurus nd PSB wéré combined
w:lh rhrznhlhm inoculation, the i increase in grain
}rlaid was I'urthtr uir:reaséd and- it was maximum
with. nu phﬂsphﬁrus (T 7 followed by ivith 60 kg
{T*}} and 30" kg, phosphorus (T8)." Significanly
higher grain vield of chickpea was recorded in T12
during both the years, which was at par with T9.
T10.and,T11-during first year and with TS, T6, T8,
T9,T10 during second year. Hnwew.r the mean
grain.yield of bpth the years was at par wuh T6.T9
-and T10, over.rest:of the trearmcnts S:gmﬁcanllj
higher steaw yield nl"cinckpea was also recorded
nder, T12 during | both the years, and wluch was

atpar with. T9.and TI 0:.dyring first-year and with
iT6,T8 and T9-during second year. Significantly

rhigher-harvest index was ;ccnrdcd in T12 during
first year only {Tablc3}
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Table 3. Straw yicld, harvest index and economics of chickpea as influenced by phosphorus,-bacterial

cullure and micronulrients

Mean  Cost:Benefit. Mean

Treatments “Siraw yield Harvest Nel Return
{gfha) index (Ks./ha) Ratio Rs./Rs,
invesiment
1995-96 96-97 1995-96 96-97 1995-06 96-97 1995-96 496-97
Tl - 0 kg P205/ha 12.9 13.0  0.38 0.38 1060 1034 1047 117 LT 17
T2 - 30 kg P205/ha 13.3 133 041 0.39 1439 903 1171 1.22 [.14 1.18
T3 - 60 kg P205/ha 13.6 143 043 ' 0.43 1669 2263 1966 1.24 1.32 1.28
T4-0 l;'g P205 + PSB 13.1 13.7  0.40 0.41 1540 2339 193% )1.25 138 1.31
T5 = 30 kg P205 + PSB 58 4.0 15.2 0.43 0.45 2599 4276 3437 1.39 1.64
1.51
Té - 60 kg P205 + PSB 13.7 17.3  0.47 0.44 3567 4475 4021 1.50 1.63 1.56
T7-0kg P205+PSB+RC 13,4 4.8 0.41 0.42 2063 3323 2693 1.33 1.54 1.43
T8-30 kg P205 + PSB +RC 14,0 16.8 0.44 0.44 2819 4549 3684 1.42 1.68 1.55
T9 - 60 kg P205 + PSB+ RC 5.3 17.5  0.47 0.43 4689 4286 4487 1.66 .60 .63
TIO - 60 ke P205 (10% FYM 15.2 . 153 0.47 0.44 4279 3230 3754 1.60 l.46 1.53
+ 90% SSP) + PSB + RC
TI1 - 60 kg P205 (20% FYM (4.9 150 046 042 4040 2381 3210 1.57  [.34° 1.45
+ B0% S5P) + PSB + RC -
TIZ - 60 kg P205 + PSB + RC 15.7 18.3 0.48 0.42 5209 4396 4802 1.72 1.61 1.66
+ Seed freat, No. & Fe
CD (P=0.005) 0.7 2.0 0.06 NS . . - - - 5

The response of PSB and RC was less
pronounced when it was combined with organic
manure (T10 and T11). The response decreased
with increase in inorganic phosphorus applied
through farm yard manure along with PSB and RC
because of lack of initial inorganic NPK and
whatever the nutrients are present in FYM they
became available and utilized by the microbes for
building their tissues. Similarly, Patel and Patel
(1991) observed that there was no significant
difference in yield and yield attributes due to FYM

. application.

The per cent increase over no phosphorus
(T1) was maximum with T12 when 60 kg
phosphorus applied along wtih PSB + RC and seed
treatment with molybdenum and iron (Table 2), The

response of Mo and Fe was only 5.1 per cent

greater than T9 (Tiwari, et. al. 1989). When, the
response of bacterial culture is considered over
each of the phosphorus per hectare (T5) and it
was further increased (3.1%) with the inoculation

of RC along with PSB under the same level of
phosphorus (T8).

- Maximum net return (Rs. 4802/ha) was
recorded from T12 where 60 kg phosphaorus was
applied along with PSB + RC and seed treatment
with Mo and Fe, followed by T9 (Rs. 4487/ha), where
60 kg phosphorus was applied along with PSB +
RC, T6 (Rs. 4021/ha). Similarly, cost benefit ratio
was also higher under T12 (Rs. 1.66) followed by
T9and T6 '
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ABSTRACT

An investigation was carried out with three sesame genotypes resistant to pod
borer (dmiigastra catalaunalis Dup.). The genotypes were crossed with ruling varieties to
evaluate their combining ability and heterosis performance for the pod borer resistance.
The parents Si 3315/11 and Co | could be wtilised as donors in the hybridisation programme
to infuse pod borer resistance. The immense valuable heterotic Si 3315/11 x Co | hybrid
could be exploited in heteiosis breeding programme to get desirable segregants with pod
borer resistance since it registered high per se performance. SCA effect. high heterosis and

involved parents of good combiners,

KEY WORDS :
borer

Sesame (Sesamum indicum L.} is attacked by
many insect pests at various stages of its growth.
Of these, shoot webber and pod borer (Antigastra
catalaunalis Dup.), gall fly (dsphondylia sesami).
sphingid moth (Acherontia styx) and hairy
caterpillars ( Diacrisia obligua and Amsacta morei)
are the most serious pests throughout India (Harvir
Singh, 1985). Among these pesls, shool webber
and pod borer were observed to cause 10-70 per
cent damage of pods and 27-40 per cent yield loss
(Singh, et al., 1985). Use of plant protection
measures by the farmers for the control of shoot
webber and pod borer is very meagre, since the
crop is predominantly raised as a rainfed crop.
Hence, it is necessary to identify resistant/tolerant
varieties or hybrids with appreciable yicld.
Identification of high vielding variety/hybrid with
resistance/folerance to insect pest in sesame will
also improve the quality of oil: Hence. an atiempi
was made with seven sesame parents to study the

Sesame, Combining ability, Heterosis, Resistance, Pod

-

“nature of gene action involved in showing

resistance to pod borer.
MATERIALS AND METHODS

The experimental materials comprised ol three
pod borer resistant lines viz., 51250, ES 22 and 5i
3315/11 and four testers viz.,, TMV 3. TMV 4, Co |
and SVPR 1. Seven parents were raised during kharif
1994 and produced 12 hybrids after mating in a
Line x Tester system, Seven parents and 12 hybrids
were rajsed in randomised block design with three
replications during Rabi 1994-95 10 study the
combining ability effects and heterosis for pod
borer damage. Each genotvpes was raised in five
rows of three metre length per replication by
adopring the recommended spacing of 530 x 3thcm.
In each genotype. 10 plants were selected ot
random for recordingz observation un pest
infestation, Since the pod borer larvae leed the
internal content of the capsule. damaged capatles



