Drip Imigation in Annoal Moringa 679

Table 1. Yield of moringa

Table 2. WUE of annual moringa

Averape Yield of . ;
Treatmcnt wcigﬁ of monnga m::'-if:::;n':a}
moringa {ing)  (Nos./tree)

Tl 63.15 254 28.85
T2 71.75 290 33.36
T3 64.32 250 25.86
T4 5880 225 2139
TS 55.17 212 17.99
TG 41.02 G2 7.69
SEd 231 11.48

Ch 193 24.45

T1: 16 litres/day/trec by basin method of irrigation
T2 : 16 litres/day/tree by drip method of irrigation
T3 : 12 livres/day/ivee by drip method of irrigation
T4 : § itres/day/iree by drip method of irrigation
TS 5 4 litresfday/tree by drip method of irrigation
T6 : Rainfed (No irrigation) '

The experiment was designed in randomised
blocks design with four replications.

RESULTS AND DISCUSSION

1t was revealed that the treatment T2 recorded
the highest weight and largest number of annual
moringa. When the quantity of irrigation water
increased from 4 110 16 1, the weight of fruit was
significantly more. In the case of number of
moringa {ruits the treatments T1 to T5 are on par
and superior over the treatment T6. Annual
moringa is responding to imrigation and the yield
can be doubled in weight (vegetable moringa fruit)
by deip irrigation compared to rainfed crop.
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Troatment wlcighl of Im'gati;m WLETE
moringa (tha) water (m™/ha)  (kg/m™/ha)

Tl 28.85 2595.3 9.50
T2 33.36 25053 1205
T3 25.86 1946.5 1271
T4 2139 1297.5 17.16
TS 17.99 fil8.8 3058
T6 7.69 -

It was observed (Table 2) that though the
production (i.e. yield of moringa) was the highest
in the treatment T2 (i.e. drip irmigation with 16
l/dayltree), the water use efficiency was the highest
(30.58 kgfmﬁfhu} in the treatment TS (ie. drip
irrigation with 4 1/day/tree). When comparing the
rainfed method of cultivation with the minimum
water application of 4 l/dayfiree through drip
irrigation, there is on increase in yield of 57 per
cent under drip method. With the same quantity of
walter used in. basin irrigation, four times of area
can be grigated under dop irrigation with 4
|/day/tree and the yield can be increased three
folds. Or (1991) also reported that drip irrigation
gave betler results than flood irrigation and helps to
increase area by 80 to 83 per cent.
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ABSTRACT

Two hundred and eight pigeonpea sccessions were serecacd for ther resistance 1o
Cullosebriehus macnlunes (Fy by free choice test The numbet of epps laid ranged from 4 1o 60tand
the number adulls emerged varied from 0 o 35, Humdrad per cemt suevial of  Canealiams was
sbisorved in six accessions ('R 5326 UQ-50, PR-5482, PR-S3K, PR-S576 and PI-606Y5) where a5 it
[ailed to develop on PRN-270, Oviposition was not inflosnced by the levod of resivtancs inthe seed
and the rate of development was foster in suseeplible aceceatins, Based vn dhe suilabilitg indes., seven
accessiong wens classified ar resictant, 26 as maderaely eesistant, 84 a0 suncepible and 91 a< hiphly

suscephible to Comecilams,

Ranking from backyard crop o a major field
crop, pigeonpea, Cajanus cajon (1) Millsp is grown

by subsistence fanuer in the tropics. In India, where
about 90 per cent of the erops, slobal growing area
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Table J.  Evaluation of plgeonpen accesstons for restsinnce
to C macklatus resistont and motderately
resfstant nccessions

Mean
Erps  Adults . . develop .
Accession I:ifl emerged 5‘:;;“1 rment ' T
(No)  (No) period
{days)
PRN 270 25 0 0.00 - -
FAVA LARGE I8 2 L1l 4100 00255
PR 6370 33 4 212 4200 00258
P-3EST 49 ] 1020 38.00 0.0265
DSLR 55 33 d 1212 3700 0.0293
P-537-32-1 58 Il 1897 3800 00336

REH-I 18 4 2232 4000 00337

PR 6474 25 5 20,00 36.00 0.0361

PR 6476 235 5 20,00 3600 00361

LIR 100 5 i 1600 3300 (.0365

T-28 26 4 1538 3200 00371

PI-395100 25 5 20.00 3500 00372

DUNGARPURS 60 9 1500 3100 00379

PR-631) 25 4 1600 32.00 00376

MO §3-2 23 5 2174 3500 00382

P-1136-50-1 25 3 2000 3400 00383

PR 6406 30 7 2333 3500 0.039)

RAM-45 42 I 26109 3600 00394

IM 4078 [ 4 2500 3500 00399

PRN-64 16 4 2500 3500 (0399

PR 6680 21 5 2381 3400 (.0405

CODEND: 18 7 T 1892 3100 (412

ANM 436 18 4 2222 3200 00421

RBH 264 33 EI' 2727 3400 00422

CILINDRICO 19 4 2105 3000 00427

LINCCH 117 18 5 2778 3400 00425

PR 6685 21 4 1905 3000 D.0427

P-3340 3 5 2L 3100 00450

PR 6701 25 5 2000 3000 00434

PR 5186 B x 9 2727 3300 00435

P-38E8 19 14 2105 3000  0.044]

P5 66 14 7 5000 3800 00447

EC 107642 25 5 2000 29,00 D.0449

(2.9 million ha) is located, it is the sccond most
importanl pulse crop, with an annual production of
2 million tonnes (ICRISAT, 1990). Pigconpea

sceds are susceplible 1o attack by brunchids

resulting in serious loss during storage and
callosobrinchus  maculatus  (F)  (Brunchidae;

Colepotera) is the most destructive bruchid in India
causing losses uplo 33 per cent (Gupta and
Bhaduri, 1984). The pigeonpea cultivars vary in
their susceptibility to the attack by G. maculatus.
The development and use of less susceptible
cullivars may offer suitable ‘protection during
storage and reduce the use of pesticides. Hence,
two hundred and eight pigeonpea accessions were
evaluated for their resistance to the pest in the
laboratory at the Agricultural College and Research
Institute, Madurai.

MATERIALS AND METHODS

Two hundred and eight pigeonpea accessions
received [rom the International Crop Research
Institute for Semi-Arid Tropics (ICRISAT) were
sereened by free choice test for their resistance to
C. maculatus in the laboratory employing the
method of Gibson and Raina (1972), with slight
modifications. Fifteen circular discs of 3 em dia
were arranged along the circumference of
destccators (15 cm dia). In each disc, 10 seeds of an
accession were taken. Fifteen pairs of 0-12h old C.
macilatus adults were released at the bottom of the
desiccator and were allowed for {ree choice
oviposition in the seed. The desiccator was covered
with the lid and paper strips were provided between
the lid and the rim for acration. After five days,
seeds with eggs were transferred 1o polythene bags
and observed daily for adult emergence.

Number of adults emerged
Number of eggs laid

Survival (%) =
Mean development period = Time taken for 50
percent of the adults lo emerge.

Logrithm of per cent survival
Development period

Index of suitability =

were calculated (Howe, 1971). Based on the
index of suitability (SI) (Edward and
Gunathilagaraj, 1990), the . accessions were
classified into resistant (S1<0.035), moderately
resistant (S1:0.035-0.045), susceptible (S1.0.045-
0.060) and highly susceptible (51>0.060)

RESULTS AND DISCUSSION

"The number of eges laid by C. maculatus
ranged from 14 to 60 in dilferent accessions tested.
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Table2. Ewvaluation of pigeonpea acecssions for resistance
" to € maculatus ; susceptible nccessions

fikl

Mean

E Adults ) Suitn

Accession lfil;is cmzr Em{m%\';ﬂ d:::? hility
(No) {gﬂl peniod  index

(days)

ANM 189 25 11 4400 36.00 ‘0.0457
PR 5436 25 9 3600 34.00 0.0458
PR 6139-3 25 36.00 3400 00458
P-3683 25 § 2000 28.00 00465
GANDHINAGAR-1 23 |l 47.83 3600 0.0467
" PR 5558 16 5 3125 3200 0.0467
PR 5265 48 11 2292 2900 0.0469
PRN 130 3% 06 4103 3400 00474
PR 6503 37 19 5135 3600 00475
Po153-3. 21 73333 3200 0.0476
PI-394860 I8 5 2778 3000 0.048)
NSUKKA-D 25 7 2800 2000 00482
RAM S 18 7 3889 3300 0.0482
RG-0222 19 7 3684 3200 0.0489
PANT A-2 231 || 4783 3400 0.0494
BDN-1 35 12 4B00 3400 0.0494
NPIWR)- 15 28 14 5000 3400 00500
QPL-19 37 21 s676 3500 00501
GUMA 19 7 3684 3100 00505
LIR 57 19 16 84201 3800 00507
P-4625/] 40 19 47.50 2300 0.0508
ROYES 42 18 4286 3200 00510
IM 2477 6 12 4605 3200 00520
14277 3712 3243 2000 00521
1CPL-269 4% 23 4792 3200 0.0525
BANSARA-12 19§ 2637 2700 00526
PDM-| 37 16 4324 3100 0.0528
CODENO : 19 25 11 4400 3000 0.0530
PONTE ALANTE 19 12 6316 3400 0.0530
PR 6237 I8 7 3889 3000 00530
DSLR-38 25 16 6400 3400 0.0531
MUKTA 239 3003 3000 0053
PR 6156 42 21 S000 3200 00531
LIR 59 23 19 8261 3600 00533
PR 6712 0 12 4000 3000 0.0534
PR 5347 25 21 8400 3600 0.0535
PR 6254 21 14 6667 3400 00536
PR 5491 23 12 S2.17 3300 00537
ANM 4578 5121 418 3000 00538
PR 5321 37 - 12 3143 2800 00540
PR 6171 14 11 7857 3500 0.0542
42 23 S476 3200 0.0543

VR 6513

Table2, (Contd.)
Mean
| Ew'tﬂfswm doiciop - Suita
Accession laid ed (%) m-:m }::i:!y
(MNo) {ij period  index
! (days)

FAOACCS!425CIT 42 - 14 3333 28,00 0.0544
T-21 37 I8 4865 3100 00544
PR 5163-3 25 16 6400 3300 0.0547
ICPL-87 42 21 5000 3100 00548
IM 2459 A 25 11 4400 3000 0.0543
EC-107648 49 25 5102 3100 00550
PRN-267 21 16 7619 3400 00553
P1-395799 48 25 5208 3100 0.0554
PR 5413 21 11 5238 31.00 0.0555
IM 2472 33 11 3636 2800 00557
SA-1 ‘48 33 6875 3300 0.0557
PRN 215 2 16 6154 3400 00559
SAD-144 40 19 4750 3000 0.0559
P-3799 35 19 5429 3100 0.0560
PR 5388 25 16 6400 3200 0.0564
AS-71-37 2811 3929 2800 0.0569
P-4787-1 19 I 57.80 3100 0.0559
IM 3080 37 19 5135 30,00 00570
PR 6453 4% 32 6667 3200 00570
CAJANUSR-5 32 25 7813 3300 0.0574
PR 6716 9 16 4103 2800 0.0576
VR-1 42 23 5476 3000 0.0579
P-4683 *25 18 7200 3200 (L0580
PR 6328 42 35 8333 3300 0.0582
SAD 381 ¥ - 19 4872 2900 0.0582
DSLR 108 21 9, 4286 2800 0.0576
PR 5311 25 21 8400 33.00 00583
PRN233 33 28 8485 33.00 0.0584
VR-3 40 26 6500 3100 0.0585
PR 5552-2 4 12 8571 3300 00586
ANM £83 23 21 9130 3300 0.05%4
P1-396933 25 I8 L7200 3100 00599
EC-109387 30 14 4667 2800 0059
PR 3402 26 16 6154 3000 0.059
PR 6459 v . 8L0s 3200 00597
UPAS 120 37 30 BLOS 3200 0.0597
P-4608 ¥ 23 616 3000 00598
PRN 120 318 7200 3100 00599
BSR 1 40 19 4750 2800 00599
PR (319 56 35 6250 3000 00599
PRN 195 14 1§ 9474 3300 00599
PR 5294 48 23 4792 2800 0.0600
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‘Table 3. Evaluntinn of pigeonpea accessions for resistance Tabled. (Contd.)
to Cmaculatus : Wpghly susccptible nceesslons v
M Bps Adultsg oo dovwlop Sujta
EE.H"' Adults ®avi dewelop S,".i"' Accession loid emerped ) yoenl .bi!ity
Accession taid emerped ol wont bility {No)  (No) | peiod index
(No)  (No) (%) peid  index {dys)
~ feday) NUNGARPUR-6 25 14 5600 27.00 0.0547
P-1129 28 18 6429 300K 00603 IM2501 25 14 5600 2700 00647
PR 4594 35 3 6571 3000 00606 pR62IS 16 12 7500 29.00 0.0647
PR SI74 376 4324 2700 00606 pR620S 95 14 SE00 2700 0.0647
PR 5358 49 28 ST04 2900 00606  p.aged 1 18 5625 2700 00648
ANM 327 28 4 5000 2800 00607 PRSIZG 9 19 4572 2600 0.0649
1"-397765 4721 5000 2800 00607 PRSI9I-] 37 1B 4865 2600 00547
PRN 285 53 i5 G660 3000 00607 CPC-85 I8 16 £8.89 3000 00550
P-1170 21 14 6667 30,00 D.0608 PR 5461 I8 16 8489 3000 0.0650
T 79.464 26 21 BBAG 3200 0.0608 IM 2396 21 12 STi4 2700 00651
VAR KHOBI 18 12 6667 3000 DOGOR  pRrNO|-1 21 19 9048 3000 0.0652
PR 5523 18 16 BB8Y 3200 00609  ANM432 19 11 5789 27.00 0.0653
PRN I 18 16 8839 3200 0D.060%  ppgs0o 3330 9091 3000 00653
PR 6280 /35 8974 3200 00610 KMR6 25 23 9100 3000 0.0655
ICPL-151 12 25 7813 1100 00611 BR 4004 35 1B 5143 26.00° 0.0653
PI-283 15 21 G000 29.00 00613  PASCUALUS 19 1B 9474 3000 00659
EC-109884 25 23 9200 3200 L0614 C-11 7 19 8261 2900 0.066]
IM 2470 2] 11 523F Z8.00 00514 QPL 49 71 11 5238 2600 00561
VARLPWIRI PWIRD 21 11 523% 2800 00614 PR 5300 13 1210000 3000 0.0567
DSLR 6 26 16 G154 2900 -0.0617 PR 5402 18 14 10000 30.00 00567
P-1176-53-1 0 16 53133 2800 00617 pRgmas 1§ 13 10000 3000 00657
PR 5564-1 19 12 9474 3200 0.0609 SL-6 31 18 5455 2600 0.0568
PRN 143 49 35 7143 3000 00618 PR GLO0 15 16 6400 2700 0.0669
P-81014 25 18 7200 3000 00619 pL394839 25 12 4800 2500 00672
]M-ﬂ]l?{:‘“ 33 ]ﬁ 54.55 ZEEHJ D.ﬂﬁ!ﬂ ‘I"‘]‘ﬂ? 13 16 E_Egg 2000 g_mn
IM 4230 (B) 40 19 4750 27.00 0.0621 QPL-1 32 21 6563 27.00 0.0673
P-3724 199 4737 27.00 00621  ANM243 23 21 9130 2900 0.0676
PR 6343 19 16  B421 300D 00621 EMR -1 71 14 6667 27.00 00676
PR 6204 33 2B B4ERS 3100 D622 Pl - 306862 a8 19 G786 27.00 0.0678
PR 6317 19 14 7368 3000 00622 pl.3gdsds 14 7 5000 2500 0.0680
P-51002 2l 18 BST1 3100 0.0624 QPL-138 10 a1 000 200 0.0683
CORG-12 37 18 4865 2700 00625  ANM495 42 35 8333 2800 0.0686
PR511 4221 5000 27.00 00629  HYB.2 19 12 6316 2600 0.0692
PR 6473 21 14 6667 2900 00629  p-30as 37 32 R64Y 2800 0.0652
EC-109894 18 14 7778 3000 00630  pR47I0’ 32 21 6563 2600 0.0699
PR 6338 21 19 9048 3100 0.063)

1M 2504 4 11 7857 anoo oogr-  UQ-19 9T SR 00 Dd
SL-1 42 16 3810 2500 00632 PR4702 30 21 7000 2600 0.0710
PRN 147 26 1§ 6923 2000 00635  PRS4SS 25 18 7200 2600 0.0714
ANM 502 40 28 000 2900 00636  LRG30 19 14 7368 2600 0.0718
3746 39 32 8205 3000 0.0638  P-3798 37 33 89,19 27.00 0.0722
PI-396916 35 16 4571 2600 006§ PREITT 18 16 8889 27.00 00722
IM 4133 30 16 5333 2700 00640  PRABHAT 1§ 16 S88.89 2600 0.0750
IM 2412 19 16 3421 3000 0.0642  UQ-50 16 16 10000 2600 0.0769
PI-394745 an 19 6333 28.00 00643 GES54 19+ 18 9474 2500 0.079]
PR-5576 I8 1§ 10000 3100 00645 PRSI 18 1§ 10000 25.00 0.0800

PR 5442 28 If 6420 2800 0.0646



Pigeonpea Resistance to Callissobruchus GB3

It was 18 in Fava large and RBH 1 to 58 in
P-537-32-1 among the resistant accessions (Table
1) and 14'to 56 among the susceptible acecessions
{Table 2) and 14 10 .53 among the highly
susceptible accessions (Table 3). The accession
Dungarpur-9 which received the maximum number
of eggs (60) was found moderately resistant 1o C,
maculatus. Salunkhe and Jadhav (1982) recorded
827.67 times more egg in bengal gram accession
L.-550 than in sel-436. The possible reason [or this
behaviour may be due to the difference in seed coat
surface as the preference for oviposition was
determined by smoothness of the surfaces of the
seed coat (Girish er al., 1974),

The number of adults emerged ranged from 0
o 14 among the accessions categorised as
resistant/moderately resistant where as it ranged
Tom 9 to 35 among the highly susceptible
aecessions. Maximum number of adulls emerged
from ANM -495, PRN-143, PR 6280, PRN 285
AND PR-6319 (Table 2 and 3). Dhamne ef al,
(1985) also observed more adult emergence from
susceptible accession of red gram. No adult
emergence was observed in  the accession
PRN-270. Dissection of seeds along the path of the
larval bore showed that the larva died in early
instars, It died just before or as il entered
cotyledons. Therefore, it is clear that the larva
experienced difficulties in boring the seed coat,
Nwanze and Horber (1976) observed that the first
instar [arva was unable to penetrate the seed coat in
rough seeds. The macrosclerieds of smooth seeds
were laid down in loose, longitudinal ridees
arranged vertically, where as in rough varieties they
were modified into susceprible helical cells. This
major  difference  appeared 10 affect laryal
penctration,

There were cenl per cent survival in the
accessions PR 5326, UQ-50, PR-6035, PR-5492,
PR-5300 and PR-5576 and more than Y0 per cent
survival in 11 other accessions tested. The survival
was less than 20 per cent in 11 accessions which
were found to be resistant/moderately resistant
{Table 1). The possible reasons for the lower
survival in the resistant accession may be doe to the
difficulties encounted by first instar Jarva in
penetrating the thick or rough sced coat, hard and
tough layers of albumen inside the seed cout,

presence of antibiotic or hallucinogenic compounds
such as alkaloids, saponins, pentose sugars, L-dopa,
free amino acids, phytoagglutins, low nutritional
content and presence of endopeptidase inhibilors
which make digestion difficult (Bridwell, 1918:
Ishii and Urishibara, 1951; Applebaum, 1964
Howe and Currie, 1964; Nwanze and Horber.
1976).

The resistant accession Dungarpur-9 which
received the maximum number of eggs, supported
only 15 per cent survival where as the susceptible
accession UQ-50 which supported cent per cent
survival received only 16 eges. Edward and
Gunathilagaraj (1993) also observed cent per cent
survival of C. macuiatus in RFG-30 bengal gram
which was least prefarred for oviposition among
the 200 accessions tested. The oviposition
preference was not related to the susceptibility of a
particular accession for further development
(Sachdeva and Schgal, 1984; Schgal and Sachdeva,
1985). The secondary plant substances often quite
unrelated to the nutritive value of the plant for the
larva may pmwde the necessary loken stimuli for
the female 1o oviposit. Indeed, these token stimuli
may be toxic to the developing larva (Hinton,
1981). Presence of such stimulus in the form of
saponin was onbserved in Applebaum  er al,
(1985). They found that saponin faction C. an
ovipositional attractant of Caullosebruchuy adult
was highly deterimental (o its larvae.

The mean development period was as high as
42 days in the resistant accession PR 603 (Table 1)
and as low as 25 days in the highly susceptible
accessions CSS 4, PI-394839, PI-394848. PR 5326;
SL-1 and UQ-19 (Table 3). The development was
completed between 28 and 36 days in the
susceptible accessions (Table 2). Development
period can be exiended by hard textured accessions
that are difficult to ingest or digest: accession
partially tocix to developing larvae; accession that
are nutritionally inadequate for the development of
the pest (Dubie, 1984). The prolonged development
period in resistant accessions might be due to the
accumiilation of toxins in the developing larva
andfor nitrogenous compounds that slowed the
development of hruchid larvae (Applebaum ef al.,
1965; Janzen. 1969). Dick and Credlund (1986)
ohserved that the development of UTA strain of €.
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maculams was extended up to 29.1 days in TVu
2027, a resistant cowpea,

The index of suitability which is a combined |

eriteria of survival and development period was
found to vary from (L0255 (Fava large) and 0.0800
(PR 5326). Suitahility index ranged from 0.0170 to
0.0741 among 200 bangal gram varicties tested by
Edward and Gunathilagaraj (1993). Among the 208
variclics sereened, there were 7 resistant, 26
moderately resistant, 84 susceptible and 91 highly
susceplible varicties based on the suitability index.

From the observations it was infered that
anitbiosis was involved in conferring resistance to
C. maculatus as reflected in the varied level of
adult emergence and prolonged development period
in the resistant accession. However, the oviposition
behaviour was not found to be associated with the
level of resistance. The accession which received
minimum number of eggs supported cent per cent
survival indicating that the oviposition was not
associated with resistance.
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