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ABSTRACT

Five growth regulators were evaluated for their gametocidal
properiies on four genotypes of pigeonpea. Among the
treatments, 1.0-1.5% Maleic hydrazide (MH) and 0.25%
Nuaphthalene acetic acid (NAA) induced sterility. Genotype P
856 was the most responsive while 89-7-16 was the least
responsive to different treatiments. Spray just before the flower
bud initiation was found to be the most vulnerable stage of crop
growth for inducing high pollen sterility but phytotoxic effects
were observed with ethrel at higher concentrations,
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The basic problem of the cytoplasmic genetic male
sterility system for exploitation of helerosis includes the time
required for conversion of ugronomically superior genotypes
into male sterile lines. lack of efficient fertility restorers and
their unstable expression over environments. A chemical with
the ability (o induce pollen sterility or lo check pollen shedding
will not only overconie these problems but also impart flexibility
in the choice of genotype as a potential female parent to
develop hybrids. Incidentally. very little is known about the
gametocides, their specilicity for different varicties and the
optimum stage of application particularly in pigeonpea.
Keeping this in view, the present study was undertaken to
know the relutive gametocidal potency of five plant growth
regulators for induction of male sterility in pigeonpea.

MATERIALS AND METHODS

The expertment was laid out following split-split plot
design with three replications involving lour varieties. namely
P 856, P 84, P 606, and 89-7-16 as main-plot treatments, three
phenological stages (S = one spray before initiation of floral
buds. S,= one spray after the initiation of floral buds and §,=
one spray each before and after bud initiation) as sub-plot
treatments and a factorial combination of [ive chemicals i.e.,
Naphthalene acelic acid (NAA), Maleic hydrazide (MH), Ethrel,
Dalapon and 2.4-Dichlorophenoxy acetic Acid (2,4-D) each
with three concentrations i.e.. NAA at 0.05, 0.10 and 0.25%.
MH at 0.5, 1.0 and 1.5%, Ethrel at 0.025, 0.05 and G.10%,
Dalapon at 0.10,0.25 und 0.50%. and 2.4-D at 0.1, 0.2 and 0.3%
concentrations along with one control (distilled water}
cotresponding to each variety as sub-sub plots. Utmost care
was taken to avoid spray drift of the chemical to the
neighbouring lreatments by crecting polythene sheets of 4 m
height in between and around the plots at the time of spray.
Pollen sterility was studied in 20 flower buds selected randondy

from five plants for each treatment by 1% Acetocarmine
procedure as described by Kaul and Singh ( 1967). in all the
genotypes, the flower buds which were likely to open in the
next day were selected for fixation and killing processes. Pollen
arains were counted in five foci on each slide for each of 20
tflower buds in each treatment and the average of sterile pollen
grains was expressed as per cent of pollen sterility.

Per cent pod set in each of the five randomly chosen
plants per treatment was noted separately under both self
pollination (bagged’ and open pollination (unbagged)
conditions and averaged to get mean per cent pod set per
plant (female sterility). The mean values for pollen sterility
and female fertility were used for statistical analysis as per the
standard procedure (Punse and Sukhatme 1985).

RESULTS AND DISCUSSION

The analysis of variance for three characters indicated
the varied levels of gametocide effects as evident from highly
significant variances for varieties, stages, chemical treatments
and their all possible interactions.

Pollen sterility: The differential response of genotypes
lo gametocide treatments indicated that P 856 was highly
responsive while the genotype 89-7-16 was the least
responsive to treatments over all the stages (Table ). The
effect ol treatments over the varieties revealed the highest
pollen sterility of 83.9% with 1.5% MH followed by [.0% MH
(79.9%)and 0.25% NAA (79.7% ). The remaining gametocides
induced partial male sterility in the range of 37.8-75.2%. Similar
results were reported in cotton (Singh et af. 1989) and faba
bean (Awasthi and Dubey 1983). The dilferential response of
varieties to the chemicals could be attributed to some of the
factors viz.. () doses tried may not be within the effective
range for all the varieties, (b) differential ability of varieties to
absorb applied chemicals. (¢) possible changes in the polency
of chemicals within the plant and (d) stage specificity of the
chemicals used. Whatever may be the cause(s) {or differential
response of genotypes to gametocides, the study clearly
showgqed that in the use of chemical hybridization agents. it is
the variety x treatment interaction which breeders should take
advantage lor commercial hybrid technology. This would
imply that rather than looking for chemicals with wide range
effect, variety specific chemicals should be identified and
exploited. In the present study, the treatment 1.5% MH was
ideniified as the most potential gametocide in inducing high
pollen sterility in the range of 80-86.5% in all the varieties.
However, the maximum pollen sterility was induced with 1.5%
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Table 1. Mean pollen sterility for varieties, treatments and V x T interaction in pigeonpea
Variety Treatments (T) and concentrations (%)
Al NAA AMH Ethrel Dalapon 24-D Contrel  Mean
0,05 0.10 0.25 .5 1.0 1.5 0025 005 010 010 025 050 0.1 0.2 0.3
P 856 N2 059 78.4 [N 736 R0.1 4.5 785 638 519 642 65.3  6l.3 724 70,0 0.8 6.0
(49.81 3561 (630 (5337 (022 (653 (46 1633 (539 6.8 (574 1SATy 152.8) 1384 (373 (5.ly (52T
P84 635 74.6 859 L7 775 833 Jdo 578 637 400 422 4790 624 0663 753 1.2 (1.0
[RE N TN YN (GB.Y) (578 (628 (674 (4171 I8.9) (533.2) (392 403 (43T (515 (5.1 610y (6.2 (50.9)
P 606 0606 70.8 744 37 H6.l s6.5 312 305 579 326 502 374 788 468 539 1.7 579
13500 1574 OO (6500 (68.2) (6871 (3331 (453 (494 (300 (45.3) 149.;: u:»:.'.'. 1;132; t;i'f.Z) l‘:‘.:) tjg.g)
8§9-7-16 663 714 80.1 $3.3 804 8349 245 23.0 3.':'.3 37.8] 9.8 {vl; ;3; :é:l (122’ ‘7:5, ,4::;_;;,
1546y 378 0371 4660 (639 (08.1) 129.6) (299 (3530 (378 {1390 1.?1. ) t._ .')n t:’-- :’\3% o =4
Mean 612 70.7 79.7 752 79y 839 378 530 347 08 4‘3! 580 572 51 ;.g (,'0 ‘;9..“
(334 (578 O 643 16331 (674 (37.6) (40.8) (480 (39.60 (455 (9.5 (49.6) (46.5) (3060 (6. ]
SLm CD (0.05)
Varieties (V) 0.03 0.27
Treatments (T) 0.4 1.23
Varieties x treatments {1V x T) nx6 240
Treatments y sareties (T v V) 0.88 245

Figures in parentheses denote translformed vatlues.

MH (86.5% ) followed by 1.0%% MH (86.}% ) in P 606, Similarly,
1.5% MH was abo found effective o cause high pollen sterility
in the genotype 89-7-16 (35.9% ) while 0.25% NAA veatment
induced highest pollen sterility in P 84 (85.9% ).

In general. ‘*before ftower bud initiation” stage was
invariably more vulnerable in ull the genolypes to the given
treatments than “afler flower bud initiation” stage for pollen
sterility induction (Table 2). Most of the chemicals guve better
response either at pre-meiotic or metotic stages. Comparable
response of “belore flower bud initiation” (S ) and “before +
after ffower bud initiation” (S,) stages suggest thal whatever
pollen sterility observed in the luter was due to induction
mostly at before flower bud initiation (S,) stage and second
spray at “after flower bud initiation® (S,) stage had only
marginal increase in pollen sterility. This does not mean that
subsequent sprays would not increase the level of sterility. as
instances of second spray at later stages restricting anther
dehiscence, pollen release und impairment o pollen viability
are known in other crop planis (Kaul 1988). Higher female

sterility was observed in combination treatment (S,) as
compared to S, stage as evident [rom per cent pod set on
sclfing and open poilination further lent support to the
aforesaid possibility warranting more intensive and critical
study for confirmation,

Female sterility: Female sterility (ovular sterility s the
major undesirable effect associated with the wilization of
gametocides for selective induction of male sterility. The per
cent pod set on selfing as well as on open pollination were
drastically reduced in P 84 while it was least affecled in 89-7-
16 indicating that P 84 is more sensitive than other genotypes
{Table 3). Among different gametocides. 1.5 and 1.0% MH.
and 0.25% NAA caused higher female sterility. Two sprays of
gametocides a1 *before + alter flower bud initiation™ stages
(5,) exhibited more female sterility rather than *before flower
bud initiation® (S ) and "after flower bud initiation’ (S,) stages
and could be attributed to the prolonged and continuous effect
of treatments.

Table 2. Mean pollen sterility for stages, treatments and S x T interaction in pigeonpea
Stage (8) Treatments (T) and concentrations (5 )
NAA M Ethrel Dalapon 24-D Control Mean

0.05 B0 025 050 10 1.5 0025 005 00 it 025 056 0.1 0.2 03

Before flower bud initiztion 728 78.3 831 789 842 906 350 540 558 367 94 5853 579 §0.2 616 1.3 594
(58.7) (62.5) (67.0) (63.0) (66,91 172.2)  (358) (1751 (48.1)137.2) L9 (49.9)(50.3) (45.21(32.3)  (6.6)  (5.8)

Afier flower bud initiation 5E3 362 655 637 678 T8 85 466 400 395 336 517 490 420 480 1.3 477
G5 GB.8) (SLIN 351562 (592 (3260 (4280 (41.5)138.8) (3810 (6.0 (LT (400 (4391 (651 (43.3)

Before and after lowerund 684 775 385 831 87.7 884 49.0 583 613 3163 643 639 647 639 670 I 64.8

injtixtion (55.7) 162.2) (7033 (65.9) (69.8) (70.7)  (443y  (50.3) (511143281 (33.6) (33.2) (33.9)433.0) (535.6) (6.7) (53.0

Mean 642 707 79.7 752 799 839 378 530 547 408 vl 580 572 521 388 14 51.3
(53.4) (37.81 (6400 160.8) 16431 1674)  (37.0) (46.8) (48.01139.6) (45.5) (49.8) (49.6) (46.3} (50.6) (6.00 (49.3)

SEm CD0.0M

Stages (5) 040 1.21

Treatments (T) 044 1.23

Stages x treatments (S x T) 0.85 240

Treatments x stages (T x §) 0.77 213

Figures in parentheses denete transformed values,
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Table 3. Effect of gametocides on mean per cent pod set (under bagged and unbagged conditions) in four varieties of pigeonpea

Gametocide Concentration ($z) Mean (%) pod set
Bagped condition (selfing) Unbagged condition (open pollination)
Varieties Varijetics
P856 P84 P606 89-7-16 P 856 P 84 P 6U6 89-7-16

NAA 0.05 21.8 16.7 18.8 19.0 5.6 20.9 226 230
0.10 228 i34 17.2 PRz 199 18.2 20.6 20.5
0.25 211 9.8 16.0 I4.5 17.3 154 247 18.9
Maleic hydrazide 0.5 225 5.0 140 i3.3 218 19.9 18.4 17.4
) L0 09 128 122 143 18.2 17.2 15.7 200
1.5 199 10.7 11.9 123 17.2 159 189 6.9
Fthrel 0.025 211 4 ) 28 31,3 235 .t % 296 30..":
’ 0.03 204 18.6 LI 300 16.7 2.3 6.3 30.5
0.10 176 17.1 1.3 27.0 205 19.7 24.7 289
3 ) 2 2 272 275
Daligon s i oEe ;o oA BB
- 53 BER B 20.3 0.5 25.1 2.2

0.50 17.2 20.3 2i.7 20.2 20.2 A B :
5 2 223 17.9 1v.3 29.6
2.4-D 0.t i8.8 [7.2 15.1 28.6 224 b
) 0.2 154 160 235 200 195 172 154 103
n3 15.8 13.6 4] 26.4 %7 15.2 242 3.0
Control 29.5 295 36 139 34 299 355 341
Mean 20.2 173 209 233 20.8 20.1 242 254

CD (0.05) 313 0.59

Higher female sterility on selfing was observed with
0.25% NAAand 1.5% MH in P84 and 89-7-16. Similarly, 0.3%
2.4-D.0.25% NAA in P 84 and 1.0% MH in P 606 reduced the
pod set on open pollination. The decrease in the number of
pods per plant and yield by the use of MH was reported in
pigeonpea (Kaul and Singh 1967), with NAA in mungbean
{Bhardwaj and Dubey 1977) and with Ethrel and 24-D inrice
{ Aswathanarayana and Mahadevappa 1992).

Among the five chemicals tested, maleic hydrazide (MH)
at 1.5 and 1.0% concentrations was proved to be the most
effective followed by 0.25% NAA for high pollen sterility
induction. The remaining chemicals, Ethrel, Dalapon and
2.4-D were found lo induce purtial male sterility with high
female sterility at higher concentrations. Hence. these
chemicals were found Lo be ineffective for selective induction
of matle sterility and cannot be possible to utilize them in hybrid
seed production as they cause phytotoxicity effects on the
treated plants. The results of the present study warrant further
confirmanon regarding pollen sterility and female sterility of
the identified gamelocides, Maleic hydrazide and NAA,
Further. it is suggested that chemically induced partial male
sterility of the order of 80-90% and of ubout 10% pod set on
open pollinution achieved through gametocides could be

successfully used for facilitating random mating for population
improvement in pigeonpea.
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